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Appendix la:  Similarity Coefficient and Coefficient of  Variation 

Similarity Coefficient and Coefficient of Variation calculations (after Borchardt st si. 1971 ). 

Where: 

Similarity Coefficient 
n 

• s and b are the normalised weight % values for each element pair being compared 
• n = the number of element pairs being compared 
• the values of s and b are arranged so that the value sib is s 1 .0 

Eight oxides have been used in the calculation (Si02, Al203, Ti02, FeO, MgO, CaO, Na20, 
K20). Riehle st si. (1990) excludes from the calculation oxides with weight percent values of 
<0.40. 

Where: 

Coefficient of Variation 100 • s • & 

81 - Bn - 2 E ( -x · · ·  -x J 
F, F. 

• the mean, i • n , and S - n -

• s and b are the normalised weight % values for each element pair being compared 
• n = the number of element pairs being compared 
• the values of s and b are arranged so that the value sib is s 1 .0 
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Appendix lb: Calculation of Tephra and lahar Volumes 

Tephra Volumes 

For most tephras only partial tephra distributions can be prepared from thickness data 
within the study area. A mathematical model assuming a constant isopach shape and 
exponential decay away from the point of maximum thickness is favoured for tephra volume 
estimates in such circumstances. Both Froggatt (1982b) and Pyle ( 1 989) provide variations 
of a formula based on concentric circular and ellipse-shaped isopachs, which can be written: 

Where: • T0 = extrapolated thickness of tephra at isopach centre (assumed point of maximum thickness and 
source); 

• a" = half thickness distance along major axis; 
• a = isopach "ellipticity" (minor axis/major axis) [for a circle a= 1]; 
• k. = thickness decay constant along major axis (slope on log(thickness)-distance plot). 

In elliptical calculations the point of maximum tephra thickness (tephra source) is assumed 
to be at ellipse centre and not at a focus. 

Estimates calculated on the basis of both circular isopach assumption and elliptical isopach 
assumption are presented where practicable. Partial distributions prepared suggest that the 
study area lies along the axis of dispersal for many tephra (also supported by the wind pattern 
in the area), and that isopach shape often closely resembles a deformed ellipse with the point 
of maximum thickness at the distant focus and minor axis width greatest at closer focus. The 
use of an assumed circular isopach pattern based on the partial distribution in the study area 
leads to a considerable over-estimation of tephra volume. A standard elliptical isopach pattern 
provides a better, but still conservatively large, estimate. 



Member Tf8, Tufa Trig Formation 

lsopach thickness (m) 
1 

0.1 

0.01 

0.001 
0 10000 20000 

Distance from isopach centre (m) 

Thickness (m) Max. x radius (m) 
(T) 

0.10 

0.08 

0.03 

0.02 

Best fit line formula 
Thickness at isopach centre IT 0) 
Decay constant [k.l (best fit) 

[a] 
8750 

11250 
15500 

18750 

Distance from centre to half thickness [a11] 
Volume (circle: V= 13.08T0(a11)2) 
Volume (ellipse: V= 2"T oaf(k.)2] 

Max. y radius (m) (a) (b) 
4375 0.500 

6000 0.533 

7875 0.508 

8750 0.467 

Average 0.502 

y = exp(-0.000171798x) • 0.481087 
0.481 m 

0.000172 
4037 m 

103 x108 m3 
51 x106 m3 

A4 

30000 

(k.l 

0.000180 

0.000159 
0.000179 

0.000170 

0.000172 



Member Tf6, Tufa Trig Formation 

lsopach thickness (m) 
1 

0.1 

0.01 

0.001 
0 10000 20000 

Distance from isopach centre (m) 

Thickness (m) Max. x radius (m) 
[T) 

0.08 

0.06 
0.04 

0.02 

Best fit line formula 
Thickness at isopach centre IT o1 
Decay constant [k.J (best fit) 

[a) 

8750 

11250 
14500 

1 9500 

Distance from centre to half thickness [a") 
Volume [circle: V= 13.08T0(a")2) 
Volume [ellipse: V= 2rrT aa/lk.l21 

Max. y radius (m) [a) 
[b) 

2375 0.271 

4000 0.356 

5250 0.362 

7625 0.391 

Averege 0.345 

y = exp(-0.000129418x) • 0.254013 
0.254 m 

0.000129 
5357 m 

95 x 1 08 m3 
33 x108 m3 

A 5  

30000 

lk.l 

0.000132 

0.0001 28 
0.0001 27 

0.000130 
0.000130 



Member Tf5, Tufa Trig Formation 

lsopach thickness (m) 
1 

0.1 

0.01 

0.001 
0 10000 20000 

Distance from isopach centre (m) 

Thickness (m) Max. x radius (m) 
[T] 

0.1 5 

0.10 

0.08 

0.05 

Best fit line formula 
Thickness at isopach centre [T 0] 
Decay constant [k.l (best fit) 

[a] 

11500 

1 4500 

1 7000 

21500 

Distance from centre to half thickness [a"] 
Volume [circle: V= 1 3.08T0(a")2] 
Volume [ellipse: V= 2"T aa/lk.)2] 

Max. y radius (m) 
[a] 

[b] 

2750 0.239 

4500 0.310 

6 1 25 0.360 

8375 0.390 

Average 0.325 

y = exp(-0.0001 07962x) • 0.501872 
0.502 m 

0.000108 
6424 m 

270 x106 m3 
88 x106 m3 

A 6  

30000 

[k.l 

0.000 1 05 

0.0001 1 1 

0.000108 

0.000107 
0.0001 08 



Member Tf4, Tufa Trig Formation 

lsopach thickness (m) 
1 

0.1 

0.01 

0.001 
0 10000 20000 

Distance from isopach centre (m) 

Thickness (m) Max. x radius (m) 
[T) 

0.04 

0.02 

0.01 

Best fit line formula 

Thickness at isopach centre IT ol 
Decay constant [k.J (best fit) 

(a] 
8750 

15750 

22000 

Distance from centre to half thickness [a") 
Volume [circle: V= 1 3.08T0(a11)2) 
Volume [ellipse: V= 2"T oa/lk.l21 

Max. y radius (m) 
[a) 

[b) 
2000 0.229 

5500 0.349 

8625 0.392 

Average 0.323 

y = exp(-0.000104514x) • 0.101059 

0.101 m 
0.000105 

6633 m 
58 x106 m3 
19 x106 m3 

A l  

30000 

[k.J 

0.000106 

0.000103 

0.000105 

0.000105 



Mangatawai Tephra 

lsopach thickness (m) 
100 
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0.01 
0 10000 20000 30000 

Distance from isopach centre (m) 

Thickness (m) Mex. x radius (m) 
[TJ 

0.60 

0.50 

0.30 

0.05 

Best fit line formula 
Thickness at isopach centre IT 0] 
Decay constant [k.l (best fit) 

[e) 

1 1 750 

1 4250 

18000 

22000 

Distance from centre to half thickness [a11) 
Volume [circle: V= 13.08T0(a11)2) 

y = exp(-0.000237779x) • 13.0977 

13.10m 
0.000238 

6.549 m 
1 .45 x109 m3 

A B  



Poutu Lapilli, Mangamate Formation 

lsopach thickness (m) 
100 
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0.1 

0.01 
0 10000 20000 30000 

Distance from isopach centre (m) 

Thickness (m) Max. x radius (m) 
[T) 

0.80 

0.40 

0.20 

Best fit line formula 
Thickness at isopach centre [T 0) 
Decay constant [k.l (best fit) 

[a) 

10250 

15250 

19750 

Distance from centre to half thickness [a1d 
Volume [circle: V= 1 3.08T0(a")2) 

y = exp(-0.000145791x) • 3.60645 
3.606 m 

0.000146 
4757 m 

1.07 x109 m3 

A9 



Wharepu Tephra, Mangamate Formation 

lsopach thickness (m) 
100 
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0 10000 

A 1 0 

• 

20000 30000 
Distance from isopach centre (m) 

Thickness (m) Max. x radius (m) 
[T] 

0.80 

0.50 

0.10 

Best fit line formula 
Thickness at isopach centre [T0] 
Decay constant lk.l (best fit) 

[a] 

11000 

16750 

18750 

Distance from centre to half thickness [a,. I 
Volume [circle: V= 1 3.08T0(a11 )2] 
Volume [ellipse: V= 2rrT p/(k.)2] 

Max. y radius (m) 
[a] 

[b] 

2000 0.182 

4250 0.254 

6500 0.347 

Average 0.261 

y = exp(-0.000226894x) • 11.5178 
11.518 m 

0.000227 
3056 m 

1.41 x108 m3 

0.36 x109 m3 

[k.l 

0.000242 

0.000187 

0.000253 

0.000228 
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Waihohonu Lapilli, Mangamate Formation 

lsopach thickness (m) 
100 

10 

0.1 

0.01 
0 10000 20000 30000 

Distance from isopach centre (m) 

Thickness (m) Max. x radius (m) 
[T] 

1.00 

0.90 

0.60 

0.30 

Best fit line formula 
Thickness at isopach centre [T0) 
Decay constant lk.l (best fit) 

[a] 

13000 

14750 

15500 

21000 

Distance from centre to half thickness [a1d 
Volume (circle: V= 13.08T0(a%)2] 
Volume (ellipse: V= 2rrT p/(k.)2] 

Max. y radius (m) 
[a] 

(b] 

2250 0.173 

3000 0.203 

4875 0.315 

6125 0.292 

Average 0.246 

y = exp(-0.000154175x) • 7.54888 
7.549 m 

0.000154 
4498 m 

2.00 x109 m3 
0.49 x109 m3 

[k.l 

0.000155 

0.000144 

0.000163 

0.000154 

0.000154 
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Oturere lapill i ,  Mangamate Formation 

lsopach thickness (m) 
100 

10 

1 

0.1 

0.01 
0 10000 20000 30000 

Distance from isopach centre (m) 

Thickness (m) Max. x radius (m) 
[T) 

0.70 

0.50 

0.40 

0.20 

Best fit line formula 
Thickness at isopach centre [T ol 
Decay constant [k.l (best fit) 

[a) 
12250 

15500 

19750 

23000 

Distance from centre to half thickness [a1d 
Volume [circle: V=13.08T0(a11 )2] 
Volume [ellipse: V= 2rrT oallk.l2l 

Max. y radius (m) 
[a) 

[b) 
1750 0.143 

3625 0.234 

5500 0.278 

8125 0.353 

Average 0.252 

y = exp(-0.000107881x) • 2.73877 
2.739 m 

0.000108 
6430 m 

1.48 x109 m3 
0.37 x109 m3 

[k.l 

0.000111 

0.000110 

0.000097 

0.000114 

0.000108 
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Pahoka Tephra 

lsopach thickness (m) 
100 

10 

0.1 

0.01 
0 10000 20000 30000 

Distance from isopach centre (m) 

Thickness (m) Max. x radius (m) 
[T) 

0.40 

0.30 

0.20 

0.10 

Best fit line formula 
Thickness at isopach centre [T 0) 
Decay constant lk.l (best fit) 

[a) 

13750 

17250 

20500 

23750 

Distance from centre to half thickness [a") 
Volume [circle: V= 13.08T0(all)2) 
Volume [ellipse: V= 2rrT oOI(k.)2) 

Max. y radius (m) 
[a) 

[b) 

1375 0.100 

4500 0.261 

6125 0.299 

8625 0.363 

Averege 0.256 

y = exp(-0.000136807x) * 2.90262 
2.903 m 

0.000137 
5067 m 

0.97 x109 m3 
0.25 x109 m3 

[k.l 

0.000144 

0.000132 

0.000130 

0.000142 

0.000137 
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Pourahu Member [tephra unit] . Bullot Formation 

lsopach thickness ( m ) 
100 

10 

0.1 

0.01 
0 10000 20000 30000 

Distance from isopach centre (m ) 

Thickness (m) Max. x radius (m) 
[T) 

0.20 

0.15 

0.10 

Best fit line formula 
Thickness at isopach centre [T o1 
Decay constant [k.J (best fit) 

[a) 

16750 

20000 

24250 

Distance from centre to half thickness [a11) 
Volume [circle: V=13.08T0(a11)2) 
Volume [ellipse: V= 2"T oa/lk.l21 

Max. y radius (m) 
[a) 

[b) 
875 0.052 

2500 0.125 

4875 0.201 

Averege 0.126 

y = exp(-0.000092569x) • 0.947296 
0.947 m 

0.000093 
7493 m 

0.70 x109 m3 
0.09 x109 m3 

[k.J 

0.000093 

0.000092 

0.000093 

0.000093 
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Appendix le: Preparation of Polished Thin Sections: Polishing Procedure 

Equipment 
Polish 

Lubricant 

Buehler Minimet Polisher and polishing plates (capacity for one section only) 
Hyprez diamond compound (paste); 6 pm, 3 pm and 1 pm grades. Jeweller's 
rouge. 
Hyprez fluid. 

Recommended procedure: 

Sections are polished with progressively finer diamond pastes (6 pm, 3 pm, 1 pm) and 
increasing polishing times between grades. Sections and the slide holder must be washed 
thoroughly before changing to the next paste grade to avoid contaminating finer with coarser 
grade pastes. Similarly, separate polishing pads must be used for each grade of paste. 
Prolonged polishing at any grade may promote peeling of the resin around the edges of the 
mount. When checking for purity of surface polish Sections should be cleaned with alcohol 
to remove oily paste residues. 
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Appendix 11: Section Descriptions 

Stratigraphic descriptions are given for all type and reference sections defined for rhyolitic 
and andesitic tephras and lahars. Descriptions are also given for all other named sections 
appearing on Map 1 (identified by map code). Stratigraphic columns in Charts 1 - 4 illustrate 
type, reference, and some information sections. 

Colours used in descriptions are taken from the Munsell Soil Calor Charts. Unit 
measurements are given in millimetres, with cumulative measurements in metres. Grid 
references are based on NZMS 260 topographical maps (sheets T19,T20,T21 ,S20). Units 
marked with asterisks are not included in the overlying formation. Most of these units are 
medial deposits or paleosols. 

A listing of type, reference, and information sections is given on pages A 1 8-A24. 



v .w .. v• Section 

Kaharoa Tephra Ref. 

Into. 

Taupo Pumice Ref. 

Into. 

Mapara Tephra Ref. 

Into. 

Waimihia Tephra Ref. 

Into. 

Hinemaiaia Tephra Ref. 

lnfo. 

Whakatane Tephra Ref. 

Into. 

Motutere Tephra Ref. 

Into. 

Poronui Tephra Ref. 

( ill 
Grid Ref. 

S20/271074 

T20/403072 

T20/375046 

T20/464092 

T20/462135 

T20/464091 

T20/464173 

T20/435057 

T20/438033 

T20/418982 

T21/413874 

S20/271074 

T20/375046 

T21/413874 

T19/481325 

T20/481186 

T20/375046 

T20/408047 

T21/413874 

T20/435990 

T20/391986 

lniAnonA'> 

T20/464092 

T:""'A"'·'092 

T20/462135 

T20/408047 

19/481325 

T21/4' 

T20.'AnnnA"' 

T20/408045 

T20/408047 

T19/482199 

T20/462135 

T20/410041 

T20/425984 

_,1/409042 

T20/462135 

T20/464092 

A 18 

Section Name and Map Code Page 

Ohakune u. Road [OMRJ A91 

unnamed section 

I Tufa Trig S.2 [TT21 A118 

Desert Road S.11 [DR11 I A 58 

Desert Road S.15 [OR 15) A64 

Desert Road S.10 [DR10) A 55 

unnamed section 

Whangael [WR11 A154 

Scorpion Gully [SGJ A104 

Whangaehu River S.6 [WR6) A161 

Aqueduct S.1 [AQ1] A28 

Ngamatea Swamp S.1 [NS1) ABS 

Ohakune Mountain Road [OMRJ A91 

Tufa Trig S.2 [TT2) A118 

Ngamatea Swamp [NS I) A89 

Poutu [PT) A97 

Desert Road S .16 [OR 161 A67 

Tufa Trig S.2 [TT21 A118 

Death Valley S.2 [DV21 A45 

Ngamatea Swamp S.1 [NS 1 I A89 

Wahianoa Aqueduct [WAJ A129 

Wahianoa Road S.1 [W1 I A137 

Valley [OV3) A47 

Desert Road S.11 [DR11 I A 58 

Desert Road S.11 [DR11 I A 58 

Desert Road S.15 [OR 15] A64 

Death Valley S.2 [DV2) A45 

Poutu [PT) A97 

�•ya•mnua iwamp S.1 [NS1) A89 

Death Valley S.5 [DV5) A 52 

unnamed section 

Death Valley S.2 [DV21 A45 

Desert Road S.17 [DR17J A70 

Desert Road S. 15 [OR 15) A64 

Death Valley S.4 [DV4) A 50 

Whangaehu Ford [WFJ A147 

Death Valley S.3 [DV3) A47 

Desert Road S. 15 [OR 15) A64 

Desert Road S.11 [DR11) A 58 

continued ... 
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:::: :: ):::::: ,:::: =:: : : : : 11�!-f.XOUTIC J.�,��J�--
... rvrma""" Section Grid Ref. Section Name and Map Code Page 

Poronui Tephra Into. T20f44"ln4r:; Whu .. vuu .. u River S.5 [WR5] A156 

T20/481186 Dese1 [OR 161 A67 

T20/458119 Desert Road S .12 [OR 121 

T20/493184 unnamed section 

T20/467102 Waikato Stream S.1 [WS1] A141 

T19/481325 Poutu [PT] A97 

T19/536270 Access 1 0 [A 1 0] A25 

T19/488213 Oturere Trig S.1 [OT] A93 

Karapiti Tephra Ref. T20/459153 �� ......... wvwJnUi Quarry [MQ) A85 

Into. T19/524283 unnamed section 

Waioheu Tephra Ref. T20.1435990 I Wahianoa Aqueduct [WA] A129 

T20/399954 Whangaehu River S.1 [WR1] A154 

Into. '" ' "" ,., j Ul section ........ . . .. ..., .... 
T20/443045 ,V,L,.., .. .,..,v,.., River S.5 [WR5] A156 

T20/411966 Whangaehu [WR9] A165 

T20/397951 Whangaehu River S.8 [WR8] A163 

T20/445069 Whangaehu Junction [WJ] At 50 

T20/385937 Shawcroft Road [SR] A107 

T19/488213 Oturere Trig S.1 lOT] A93 

T20/375046 Tufa Trig S.2 [TT2] A118 

T20/398063 Missile Ridge ABB 

T20/401048 Upper Seagull Gully [USG] A127 

T21/413874 Ngamatea Swamp S.2 A90 

T20/408925 unnamed section 

7Rotorua Tephra Into. T19/488213 Oturere Trig S.1 lOT] A93 

Rerewhakaaitu Tephra Ref. T20/412108 Bullot Track S.1 [BT1] A33 

T20/443045 Whangaehu River S.5 [WR5] At 56 

T20/464091 Desert Road S. 10 [OR 1 0] A 55 

Into. T20/375046 Tufa Trig S.2 [TT2] A118 

T20/445069 Whangaehu Junction [WJ] At 50 

T20/435990 Wahianoa Aqueduct [WA] A129 

T20/399954 Whangaehu River S. 1 [WR 1 1 At 54 

Okareka Tephra Ref. T20/412108 Bullot Track 5.1 [BT1] A33 

Kawakawa Tephra Ref. T201464091 Desert Road 5.1 0 [OR 1 0) A 55 

Formation T20/469102 Waikato [WS2) A145 

Into. T20/412108 Bullot Track 5.1 [BT1 1 A33 

T21/404818 unnamed section 

T21/407811 unnamed section 



-:: : ?!J�Notl:jll rEPHRA. 
c:, ... .:ti1... 1 M;...,w••••• Section Grid Ref. Section Name and Map Code 

Ngauruhoe Formation Type T19/489238 Mangatawai [MS) • 

Tufa Trig Formation Type T20/378045 Tufa Trig S. 1 [TT1 I 

Ref. T20/375046 Tufa Trig S.2 [TT21 

lnfo. T20/459153 Mangatoetoenui Quarry [MOl 

T20/418982 Aqueduct S. 1 [AQ1 I 

T20/445069 Whangaehu Junction [WJJ 

T20/467102 Waikato Stream S.1 [WS1) 

T20/481 186 Desert Road S. 1 6 [OR 1 6) 

T20/464092 Desert Road S.11 [DR11) 

T20/44�04!i Whauwa.thu River S.5 [WR5) 

T20/43: Whangaehu [WR6) 

T20/398062 Missile Ridge Dune [MRDJ 

T20/385020 unnamed section 

T20/326994 Top Road [TRJ 

T20/376036 Doubtful Road [OF) 

T21/413874 �'"'""'"'""Swamp S.1 [NS1) 

T20/369027 Wahianoa River S.1 [WRS 1 I 

T20/371016 Wahianoa River S.2 [WRS2) 

T20/385020 Main Road 

S20/271074 Ohakune Mountain Road [OMRJ 

Mangatawai Tephra Type T19/489238 Mangatawai [MS) • 

Ref. S.16 !DR16) 

T20/459 Mangat�.odt""' 1arry [MO) 

r20/462135 Desert Road S. 1 5 [OR 1 51 

r20/375046 I Tufa Trig S.2 [TT2) 

lnfo. T20/464092 Desert Road S.11 IDR11 I 

T20/408047 Death Valley S.2 [DV2) 

Papakai Formation Type T20/462135 Desert Road S. 1 5 [OR 1 5) 

Raf. T20/467102 Waikato Stream S.1 [WS1) 

T20/464092 Desert Road S. 1 1 [OR 1 1 I 

lnfo. T20/4581 19 Desert Road S. 1 2 [OR 1 2) 

T20/32 Rock [RRJ 

I/4Q404R c . ... ;. Valley uou�•�v [PR) 

ba-2, ba-1, Ref. T20/375046 Tufa Trig S.2 [TT2) 
or-2, or-1 

ba-2, ba-1 Ref. T20/408047 Death Valley S.2 [DV2) 

Mangamate Tephra Ref. T19/536270 Access 10 !A 1 0) 

177351 v• •u• •v� section 

T20/48. !DR16) 

T20/459153 Mangatoetoenui Quarry [MO) 

A 20 

Page 

A82 

A116 

A118 

A85 

A28 

A150 

A141 

A67 

A 58 

A156 

ABB 

A115 

A71 

A89 

A133 

A135 

A81 

A91 

A82 

A67 

A85 

A64 

A118 

A 58 

A45 

A64 

A141 

A 58 

A62 

A103 

A96 

A118 

A45 

A25 

A67 

A85 

continued ... 
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Map Page 

Mangamate Tephre Ref. T20/462135 S.15 [DR151 A64 

lnfo. T20/467102 Waikato Stream S.1 [WS 11 A141 

T20/465099 unnamed section 

T20/463101 unnamed section 

T19/488213 Oturere Trig S.1 [OTI A93 

T20/464173 unnamed section 

T20/464092 Desert Road S.11 [DR111 A 58 

T20/458119 Desert Road S.12 [OR 121 A62 

T20/494046 Paradise Valley Road [PR] A96 

T20/435990 Wahianoa Aqueduct [WAI A129 

T19/524283 unnamed section 

Pt Type T19/481325 Poutu [PT]· A97 

Wp, Oh Type T20/462135 Desert Road S.15 [OR 151 A64 

Wa Type T20/481186 Desert Road S .16 [OR 161 A67 

Ot Type T20/459153 Mangatoetoenui Quarry [MQJ A85 

Pahoka Tephra Type T20/481186 Desert Road S. 16 [OR 1 61 A67 

Ref. T20/459153 Mangatoetoenui Quarry [MQ] A85 

lnfo. T19/481325 Poutu [PTI • A97 

T19/524283 unnamed section 

T19/489238 Mangatawai [MS] • A82 

T20/462135 Desert Road S.15 [OR 151 A64 

T20/464092 Desert Road S.11 [OR 111 A 58 

Bullot Formation Type T20/412108 Bullot Track S .1 [BTll A33 

lnfo. T20/4631 unnamed section 

T20/469102 Waikato Stream S.2 [WS21 A145 

T20/464091 Desert Road S.1 0 [DR1 01 A 55 

T20/459153 Mangatoetoenui Quarry [MQJ A85 

T20/445069 Whangaehu Junction [WJ] A150 

T20/410966 Whangaehu River S.9 [WR9] A 

T20/399954 w�.�, ... �. ·� River S.1 [WR11 A154 

T20/4201 Bullot [BT21 

T20/375046 Tufa Trig S.2 [TT21 A118 

T20/322941 Rock Road [RRI A103 

T20/333983 Duncan Road [DCNI A72 

T20/437045 The Chute S.3 A44 

T20/385937 Shawcroft Road [SRI A107 

T20/401048 Upper Seagull Gully [USGI A127 

T20/407028 Lower Seagull Gully S.2 [LSG21 A79 

T20/377987 Aqueduct Road [ARI A26 

continued ... 



Nt-1, Nt-2 Ref. 

Ph[T) Type T20/481186 

A22 

Desert Road S. 16 [OR 16) A67 

�----r---------+-----------------------�--� 
Ref. 

Ph [lg) Type 

Sh 

' Sections defined by Topping (1973). 

T20/467102 

T20/464092 

T20/412108 

Locality 

Waikato Stream S.1 [WS1) A141 

Desert Road 5.11 [DR11) A 58 

Bullot Track 5.1 [BTl) A33 

The Chute 

A129 

A154 

A73 



A23 

- : m •• : •••.n:•.r;Au:&a•r.fp��Ano�-
"'"•"'a""'" I Section Grid Ref. Section Name and Map Code Page 

Onetapu Formation Type 

lnfo. 

Mangaio Formation Type 

Ref. 

lnfo. 

Manutahi Formation [Type 

Ref. 

lnfo. 

Tangatu Formation _!'P_II_ 
Ref. 

lnfo. 

T20/319906 

Locality 

T20/319905 

T20/441049 

T20/319903 

T20/442054 

T20/432062 

T20/438033 

T20/418982 

T20/425984 

T20/417984 

T:"" 'A"0"17 

Locality 

Locality 

T20/445069 

T20/445072 

T20/410035 

T20/425984 

T20/319904 

T20/410035 

T20/409045 

T20/425984 

T20/4201 

T20/432062 

T20/401048 

Locality 

T20· '""'" '.,. -- ·-- ·-

117 

T20/408921 

T20/425984 

T20/417981 

Locality 

T20/407028 

T20/406918 

T20/397957 

·17935 

Locality 

T20/398912 

T20/397951 

Tangiwai Swamp ITS] A112 

Tangiwai Swamp 

unnamed section 

unnamed section A123 

I Tangiwai iwamp S.3 [TS3] A11 

Scorpion Gully S.1 [SG 1] A105 

Scorpion Gully S.2 [SG2] A106 

,'JL·-··w-- ·- River S.6 [WR6] A161 

Aqueduct S.1 [AQ1] 

Whangaehu Ford [WF] A147 

Aqueduct S.3 [AQ3] A31 

Death Valley S.2 [DV2] A45 

Scorpion Gully 

Death Valley 

Whangaehu Junction [WJ] 

unnamed section 

Rangipo S.1 [R1l A98 

Whangaehu Ford [WFJ A147 

Tangiwai Swamp S.3 [TS3] A110 

Rangipo S. HRll A98 

Death Valley S.5 IDV5] A 52 

Whangaehu Ford [WFJ A147 

11 r21 A38 

Lower Seagull Gully S.2 [LSG2l A79 

Upper Seagull Gully [USG] A127 

Missile Ridge 

Death Valley S.5 [DV5] A 52 

Helwan S.2 [H2] A75 

Quarry [HQ] A73 

Whangaehu Ford [WF] A147 

Rangipo S.2 [R2] A100 

The Chute (5.1 -S.3) 

Lower Seagull Gully [LSG2] A79 

unnamed section A122 

unnamed section A126 

i Waiouru Tip [WT] A146 

Death Valley 

ur .. ,.,,.,., ... section 

Whangaehu River S.S IWRS] A163 

continued ... 



A24 

T20/435990 Wahianoa Aqueduct [WAJ A129 

Into. T20/399954 Whangaehu River S.l [WRl I A154 

T20/410966 Whangaehu River S.9 IWR9) A165 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Fotm��tion Member 

Ngeuruhoe Form11tion 

Taupo Pumice 

Mangatawai Tephra 

P,pekei Form11tion & 
Weimihie Tephre & 
Hinem��ieie Tephre 

P,pekei Form��tion 

Mangamate Tephra Poutu lapilli 

Wharepu Tephra 

Poronui T ephra 

Mangamate Tephra Ohinepango Tephra 

Waihohonu lapilli 

unnamed tephra 

Oturere lapilli 

Te Rato lapilli 

Karapiti Tephra 

P,hoke Tephre 

?Bullot Form11tion unnemed 

(upper) 

?Weioheu Tephre 

?Bullot Form11tion unnemed 

(upper) 

Rotoaira lapilli 

?Bullot Formetion unnemed 

Access 1 0 [A 1 01 

T 1 9/536270 [N 1 1 2/30 1 844) 

A25 

A large cutting on the crest of a hil l  2 . 5  km from the 

Waiouru - Turangi Road (Desert Road) on Hydro Access Road 

No. 1 0. Description taken from Topping ( 1 973) with 

modifications (this study) given in italics 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

so• 0.050 Black fine ash 

600 0.650 Pale yellow rhyolitic ash, lapilli and blocks 

430 1 .080 Dark yellowish brown to black aah 

580 1 .660 Yellowish brown fine aah with interspersed pale yellow 
rhyolitic aah 

400 2.060 Dark brown fine ash; paleosol; erosion break 

360 2.420 Yellowish red stained lapilli 

40 2.460 Grey to yellowish brown ash 

1 0  2.470 Yellow fine rhyolitic aah 

1 40 2.61 0 30 mm Strong brown medium aah 
40 mm Grey black medium ash 
40 mm Strong brown and black medium ash 
30 mm Grey black medium aah 

70 2.680 Yellowish red and grey fine lapilli 

40 2.720 Dark yellowish brown coarse ash 

200 2.920 100 mm Yellowish red coarse lapilli 
20 mm Yellowish red coarse ash 
30 m Yellowish red coarse lapilli 
20 m Yellowish red coarse aah 
30 m Yellowish red coarse lapilli 

1 0  2.930 Grey coarse ash 

50 2.980 Yellowish brown ash 

20 3.000 light yellowish brown rhyolitic ash 

30 3.030 Andesitic tephre 

220 3. 250 Derk grey, end colour-bended grey end pele yellow 

dominently fine pumiceou& lepilli, end coerse e&h; with 

coerse e&h be&e 

1 050 4.300 Andesitic uh 

30 4.330 Pale yellow fine rhyolitic ash 

1 200 5.530 Ande&itic e&h 

270 5.800 1 20 mm Strong brown pumiceous lapilli 
20 mm Very dark grey fine aah, grading into 
80 mm Strong brown and black coarae ash 
20 mm Very dark grey ash, grading into 
30 mm Olive yellow lapilli and ash 

1 1 00 6.900 Andesitic tephra 

4500 1 1 .400 Alluvium or laharic debris, on 
1 400+ 1 2.800 Purplish grey ignimbrite; planar upper surface 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Form11tion Member 

Taupo Pumice Taupo lgnimbrite 

Papakai Fonnation & 
Waimihia Tephra 

Papakai Fonnation unnamed 

Bullot Fonnation Ngamatea lapilli-2 
(upper) 

unnamed 

Ngamatea lapilli- 1 

unnamed 

unnamed 

unnamed 

unnamed 

7Tangatu Formation unnamed 

A26 

Aqueduct Road [ARJ 

T20/377987 

A cutting on Aqueduct Road, located approx. 50 m south of 

a ford over Wahianoa River, Karioi Forest. 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

1 50 0. 1 50 White poorly aorted aah and fine pumice lapilli, with 
charcoal 

750 0.900 Fine undy loam textured aah, with interbedded pale brown 
fine aah 'cream cakea' with intennixed brown very fine 
andeaitic aah (Waimihia Tephra), and two lapilll beda 
interbedded at half depth (orange lapilll· 2 and orange 
lapilli·1 membera) 

60 0.960 Medium and fine pumice and lithic lapilli in aandy loam 
textured uh, greaay, with dark coated root channela; 
paleoaol 

1 40 1 . 1 00  Fine undy loam textured aah, greaay, with acattered fine 
yellowiah brown pumice lapilli, and dark brown coated root 
channela; paleoaol 

50 1 . 1 50 Strong brown (7.5YR5/8) fine pumice lapilli, aoft; with a 
undy loam textured aah matrix; ungraded tephra 

30 1 . 1 80  Medium undy loam textured aah, with many very fine 
lithic and pumice lapilli 

20 1 . 200 Grey coarse ash and very fine lithic lapilli, finn, gravelly 
texture 

50 1 .250 Coarae undy loam textured aah, with many very fine lithic 
and pumice lapilli 

1 00  1 . 350 Strong brown fine and medium pumice lapilli, and very dark 
grey fine lithic lapilli; looae lapilli; alight reverae grading 

1 00  1 .450 Yellowiah brown coarae aandy loam textured medial unit, 
with acattered pumice and lithic lapilli 

20 1 .470 Grey aah, finn, and fine brown pumice lapilll at contacta 

40 1 .5 1 0  Medium aandy clay loam textured medial unit, with many 
acattered fine pumice and lithic lapilli 

1 70 1 .680 Medium and coarae pumice and lithic lapilli; with baul 
60 mm lithic dominant coarae aah; reveraely graded tephra 

1 0  1 .690 Grey coarae ash, finn 

60 1 .750 Lithic dominant coarae ash 

1 60  1 .9 1 0  Medium sandy clay loam textured medial unit, very greuy, 
with acattered fine lapilli 

230 2. 1 40 2 1 0  mm Greyish brown dominantly fine pumice and lithic 
lapilli; very vesicular finn pumice; aome undy 
loam textured ash matrix; reverae graded bed 

20 mm Coarae pumice and lithic lapilli, looae 

1 80  2.320 Colour-banded grey and brown coarae aandy loam textured 
uh 

40 2.360 Brown fine and medium pumice lapilli, and grey fine and 
medium lithic lapilli; ungraded tephra 

5 2.365 Grey aah 

20 2.385 Strong brown very fine angular, platy pumice fragment• 

40 2.425 Grey medium aandy loam textured medial unit, ahowing 
paleoaol development, very greaay, with brown coated root 
channel• 

30 2.455 Yellowish brown dominantly medium pumice and lithic 
lapilli; angular lapilli; no matrix; ungraded tephra 

70 2.525 Coarae undy loam textured medial unit, ahowing paleoaol 
development, greaay, with many dark brown coated root 
channel• and acattered fine and very fine pumice lapilli 

1 1 0 2.635 Medium and fine dominantly black andeaitic pebblea and 
granulea; ungraded 



A27 

Formation Member Unit Cum. De:scription 

Depth Depth 

(mm) (m) 

Bullot Formation Shawcroft Tephra 3 1 0  2.945 Bedded lapilli: 
(upper) 50 mm Very dark grey fine lithic lapilli, and some strong 

brown fine pumice lapilli, and coarse ash; 
weakly bedded 

220 mm Strong brown (7.5YR5/6) fine and very fine 
pumice lapilli, with yellow (2.5Y8/6) interiors, 
and some black fine and very fine lithic lapilli; 
soft pumice 

40 mm Strong brown fine and very fine pumice 
dominant basal bed, with some very dark grey 
lithic lapilli 

30 2.975 Fine sandy clay loam textured medial unit, with scattered 
fine pumice lapilll 

Waiohau Tephra 20 2.995 White very fine ash, pocketing; irregular distinct contacts 

Bullot Formation unnamed 20 3.01 5 Black coarse ash and very fine lithic lapilli 

40 3.055 Purplish black coarse ash with scattered yellow fine pumice 
lapilli; distinctive tephra 

80 3. 1 35 Grey medium to fine sandy clay loam textured medial unit, 
very greasy, with Interbedded fine pumice lapllli 

unnamed 50 3. 1 85 Yellow fine and medium pumice lapilli, soft; with medium 
and fine lithic lapilli; gradational contacts 

1 00  3.285 Yellowish grey medium sandy clay textured medial unit, 
very greasy 

unnamed 90 3.375 Yellowish brown medium and fine pumice lapilli, very soft, 
and grey lithic lapilli 

80 3.455 Grey sandy loam textured medial unit, with scattered fine 
pumice and lithic lapilli 

unnamed 60 3.5 1 5  Pale yellow coarse pumiceous and lithic ash; with some 
very fine lapilli 

70 3.585 Medium to coarse sandy clay loam textured medial unit, 
greasy; with some fine and very fine pumice and lithic lapilli 

unnamed 1 1 0 3.695 Yellowish brown fine pumice lapilll, some black and grey 
fine lithic lapilli, and coarse pumiceous and lithic ash; soft 
very vesicular pumice; reversely graded tephra, with a lithic 
dominant base 

80 3.775 Grey medium loamy ash 

40 3.775 Brown medium and few coarse pumice lapilli; irregular 
basal contact 

Te Heuheu Formation unnamed 1 00 •  3.81 5 Coarse sandy loam textured matrix, with matrix-supported 
andeaitic pebbles and cobbles; on andeaitic diamictons 



Section Name and Map Code: 

Grid Reference: 

Locality: 

ForTMtion Member 

Makahikatoa Sands 

Tufa Trig Formation unnamed 

Onetapu Formation unnamed 

Ond 

unnamed 

Tufa Trig Formation member Tf6 

Makahikatoa Sands 

Tufa Trig Formation member Tf4 

Onetapu Formation unnamed 

Taupo Pumice T aupo lgnimbrite 

A28 

Aqueduct Section 1 [AQ 1 I 

T20/4 1 8982 

A cutting within an unnamed stream channel at the southern 

end of Rangipo Desert, approx. 300 m south of Wahianoa 

Aqueduct (see Plate 2 .5)  

Unit Cum. Description 

Depth Depth 

(mm/ (m/ 

1 70 0. 1 70 Greyish brown coarse loamy und textured unit 

1 6  0. 1 85 Black medium aah with streaky grey and black fine aah 
base and top 

1 00  0. 285 Greyish brown medium loamy sand textured matrix, with 
many fine and medium andeaitic pebbles and granules; 
debris flow deposit 

1 0  0.295 Brown coarse loamy sand 

680 0.975 Brownish grey granule and loamy sand textured matrix; 
poorly sorted sand; with many matrix-supported fine 
andeaitic pebbles, dominantly black (2.5Y2/0) fine acoria 
pebbles. some brown medium pumice pebbles, and 
occasional hydrothermally altered pebbles; with pockets of 
fine pebbles, cobbles and boulders; maximum claat 
280 mm (boulder) aubrounded pebbles; alight reverse 
grading with claata fining and becoming fewer toward top 
of unit 

1 5  0.990 Brown coarse loamy sand and lithic granules 

45 1 .035 Black coarse aah. with 40 mm thick grey fine aah base; 
pocketing ash; distinctive tephra 

30 1 .065 Brown fine sandy loam 

1 0  1 .075 Black medium aah with grey fine aah base; pocketing 
tephra 

80 1 . 1 55 Brown sandy loam textured medial unit with common 
scattered fine lithic and minor pumice lapilli 

20 1 . 1 76 Brown fine sandy loam textured unit 

2 1 0  1 .385 Yellowish brown (1 0YR5/6 - 5/8) sandy loam textured 
matrix; with matrix-supported dominantly coarse grey and 
red andeaitic pebbles, and common fine hydrothermally 
altered pebbles; occasional cobble; ungraded unit; sharp 
contacts; debris flow deposit 

300Q• 4.385 White to grey poorly sorted aah and fine pumice lapilli; 
base of formation ia not exposed 



Section Name and Map Code: 

Grid Reference: 

Locality: 

For,.,.tion Member 

Onetapu Formation unnamed 

reworked Taupo 
Pumice 

7Mangatawai Tephra & 
Papakai Formation 

Waimihia Tephra 

Papakai Formation & 
Hinemaiaia Tephra 

unnamed 

Papakai Formation 

Bullot Formation unnamed 
(upper) 

Ngamatea lapilli- 1 

unnamed 

Tangatu Formation unnamed 

A29 

Aqueduct Section 2 [A02) 

T20/4 1 7979 

A cutting within an unnamed stream channel at  the southern 

end of Rangipo Desert, approx. 600 m south of Aqueduct 

Road 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

0.000 Grey hyperconcentrated flood flow depoaita overlying 
reworked Taupo Pumice; aharp baaal contact 

6 1 0  0.6 1 0  White bedded fine and medium pumice lapilli, and coarae 
aah; aharp amooth eroaional lower contact 

1 70 0.780 Dark greyiah brown ( 1 0YR4/2) aandy clay loam textured 
aah; with cracked exterior 

1 0  0.790 Scattered pale brown fine 81h 'cream cake a', with 
intermixed brown fine andeaitic aah 

1 80 0.970 Olive brown (2.5Y5/4) medium aandy loam textured aah, 
with cracked exterior; and interbedded white coarae 
pumiceoua aah 

1 0  0.980 Brown fine pumice lapilli and pale grey lithic lapilli; 
indistinct 

280 1 . 260 Dark brown (1 0YR4/3) to dark yellowiah brown ( 1 0YR4/4) 
medium aandy clay loam textured aah; cracked exterior; 
many iron-atained root channel•; with bluiah grey fine lapilli 
disperaed through baae of unit 

90 1 . 350 Yellowiah brown ( 1 0YR5/6) coarae aandy loam textured 
medial unit, with abundant very fine lithic• 

1 30 1 .480 Dark grey and brown coarae aah 

70 1 .550 1 0  mm Grey coarae 81h, firm 
60 mm Olive coarae sandy loam textured 81h 

40 1 . 590 Brown fine, and few medium pumice lapilli and fine lithic 
lapilli; eome medium aandy loam textured aah matrix; aharp 
contact• 

1 90 1 .760 Coarse sandy loam textured medial unit, ahowing paleoaol 
development; with common very fine lithic and pumice 
lapilli 

70 1 .850 Yellowish brown fine pumice lapilli, with pale yellow 
interior•. and few dark grey lithic lapilli; aoft pumice; looae 
lapilli; ungraded unit; distinctive tephra 

70 1 .920 light yellowiah brown (2.5Y6/4) medium aandy loam 
textured aah, with dark brown coated root channels 

80 2.000 Dominantly very fine pumice and lithic lapilli, with minor 
aandy loam textured matrix 

1 20 2. 1 20 Dark brown coarae aandy loam textured medial unit, 
showing paleosol development; with brown coated root 
channel• and acattered fine lapilli; indiatinct contact with 
lower unit; acattered black scoria pebbles at baae 

560 2.660 Brownish grey coarse aand and granule matrix; with matrix-
supported dominantly pale yellow medium pumice pebbles, 
and andesitic pebbles; maximum cl81t 1 70 mm (cobble); 
with occ81ional purplish black andeeitic bomba, and pumice 
blocka; ungraded unit; dilute debria flow depoeit 

730 3.4 1 0  Coaree sand and granule matrix; with matrix-aupported 
dominantly coarae black, red, and grey andeeitic pebblea, 
black ecoria, and white pumice pebblea; blocky angular 
clasts protruding from matrix; normally graded depoait 
becoming weakly atratified toward• top of unit; debria flow 
depoeit grading to hyperconcentrated flood flow depoait 

290 3.700 Grey aand and granule matrix; poorly aorted aand; with 
matrix-eupported dominantly medium and fine andeeitic 
pebblee, and many white and brown pumice pebblee; 1oft 
pumice; ungraded unit; sharp b81al contact; debria flow 
depoait 



Formation 

Tangautu Formation 

Member 

unnamed 

Unit 

Depth 

(mm} 

300 . 

Cum. 

Depth 

(mJ 

4.000 

A30 

Description 

Sand and granule matrix; poorly aorted und; with matrlx­
aupported grey andeaitic cobblea, and pebblea; claata 
concentrated in centre of unit; ungraded; debrla flow 
depoait; baae of unit not expoaed 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Formation Member 

Onetapu Formation unnamed 

70nd 

Makahikatoa Sands 

Tufa Trig Formation member Tf6 

Makahikatoa Sands 

Tufa Trig Formation member Tf5 

Makahikatoa Sands 

Onetapu Formation unnamed 

Bullot Formation Ngamatea lapilli- 1 
(upper) 

A 3 1  

Aqueduct Section 3 [A03) 

T20/4 1 7984 

An exposure within a small channel, on the south side of 

Aqueduct Road, Rangipo Desert 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

470 0.470 Greyish brown medium loamy sand and granule matrix, 
poorly sorted and weakly bedded; with aome medium 
andeaitic pebble• concentrated in 20 mm thick beds near 
base of deposit; Baaal 10 mm comprlaea medium aand; 
hyperconcentrated flood flow depoait 

80 0.550 Grey granule• and sand, poorly aorted, and common very 
coarse andeaitic pebbles and fine pumice lapllll (including 
reworked T aupo Pumice lapilli) in top of depoait; baaal 
30 mm comprises well aorted laminated sanda; iron-ltained 
sharp basal contact; hyperconcentrated flood flow depoait 

280 0.830 Pale grey sand, poorly sorted, and weakly bedded, with 
lenses of lithic granules and few fine to medium andeaitic 
pebbles; with a loamy sand textured base; 
hyperconcentrated flood flow deposit 

280 1 . 1 1 0  Black coarse and medium sand, moderately well aorted, 
with pockets of fine and few medium andeaitic pebble• and 
granules; basal half of deposit la more bedded and 
comprise• sand and granule dominant beds and fine pebble 
dominant beds; aharp contacts; hyperconcentrated flood 
flow deposit 

20 1 . 1 30  Brown silt 

360 1 .490 Dark grey coarae sand and granule matrix, with matrix-
supported grey, red and hydrothermally altered medium and 
coarse andeaitic pebbles, dominantly black acorla, and 
brown and grey pumice pebbles; with pockets of andeaitic 
cobbles and pebbles; top 60 mm and basal 70 mm 
comprise only sand and granules; debria flow deposit 

1 0  1 .500 Brown fine sandy uh 

20 1 .520 Black coarse aah; distinct 

1 0  1 . 530 Grey fine loamy sand textured unit 

40 1 .570 Black coarae ash and aome very fine lapilll 

70 1 .640 Dark greyish brown (1 0YR4/2) medium aandy loam 
textured unit, with acattered very fine and fine lapilli 

1 40 1 . 780 Grey coarse sand and granules, poorly aorted, and red, grey 
and hydrothermally altered dominantly medium andeaitic 
pebbles and brown rounded pumice pebbles; maximum 
clut 20 mm (coarse pebble); bual 40 mm comprises 
bedded coarse and medium sand; hyperconcentrated flood 
flow deposit 

80 1 . 860 Greyish brown granules and fine sand, poorly sorted, and 
common yellowish brown medium and some coarae 
rounded pumice pebbles, red, grey and hydrothermally 
altered andeaitic pebbles; maximum cleat 20 mm (coarae 
pebble); basal 20 mm comprise• aand and granule, no 
pebbles; wavy basal contact; hyperconcentrated flood flow 
depoait 

80 1 .940 Greyish brown sand and granules, and common dominantly 
medium pumice, and fewer andeaitic pebbles; pebble• 
concentrated in top half of deposit; basal half compriaea 
dominantly granules; hyperconcentrated flood flow deposit 

60 2.000 Brown medium aandy loam textured medial unit, with root 
channels; paleoaol 

40 2.040 Brown medium sandy loam textured medial unit, with 
common fine lapilli 

260 2.300 Pale brown granule-rich sandy loam textured medial unit 

70 2.370 Grey coarse sandy loam textured ash, firm 

60 2.430 Strong brown fine and few medium pumice lapilli; looae 
lapilli 
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Form11tion Member Unit Cum. Description 

Depth Depth 

(mm} (m} 

Bullot Formation unnamed 70 2.500 Yellowilh brown undy loam textured uh 
(upperl 

1 20 2.620 Yellowish brown coar1e 1andy loam textured uh, with root 
channel•; paleo1ol 

unnamed 1 80  2. 800 Coar1e undy loam textured uh, and 1cattered fine lithic 
and pumice lapilli 

Tangatu Formation unnamed 320 3. 1 20 Olive coar1e und and granule•. poorly 1orted, and fine 
ande1ltic pebble•. and pumice pebble•; bual 1 1  0 mm 
coaru •and; hyperconcentrated flood flow depo11t 

Bullot Formation unnamed 1 20 3. 240 Yellowi1h red fine and medium pumice lapilll, very 
(upperl ve1icular; ungraded tephra 

Tangatu Formation unnamed BO 3.320 Grey coar1e •and 

Bullot Formation unnamed 1 1 0. 3.430 Brown 1andy loam textured .. h. gre .. y, and many brown 
(upperl fine pumice lapilli with grey Interior• 



Section Name and Map Code: 

Grid Reference: 

Locality: 

FormtJtion Member 

Onetapu Formation unnamed 

Taupo Pumice Taupo lgnimbrite 

Mangatawai Tephra 

Papakai Formation 

Waimihia Tephra 

Papakai Formation 

black ash-2 

Hinemaiaia Tephra 

Papakai Formation 

orange lapilli-27  

reworked Mangamate 
Tephra 

Mangamate Tephra unnamed 

Tangatu Formation unnamed 
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Bullot Track Section 1 [BT1 I 

T20/4 1 2 1 08 

An exposure within an ephemeral stream channel, approx. 

200 m south of Bullot Track; the stratigraphy of deposits 

found overlying a 2 m thick f luvial deposit at 5 .26 m is 

taken from an adjacent gully where the Holocene tephra 

stratigraphy is preserved 

Unit Cum. De&cription 

Depth Depth 

(mm) (m) 

1 00  0. 1 00  Bedded pebbles and sand, with sandy loam textured 
interbeds; rounded pumice and lithic pebbles; sharp wavy 
boundary 

240 0.340 Dark greyish brown (1 0YR4/2) grading down to dark 
greyish brown (2.5Y4/2) medium sandy loam textured unit. 
greasy, with common brown coated root channels; sharp 
iron-stained lower contact; paleosol developed in Taupo 
lgnimbrite 

670 1 .0 1 0  White fine t o  coarse pumice lapilli over poorly sorted ash 
and lapilli, with charcoalised branches 

480 1 .490 250 mm Dark greyish brown ( 1 0YR4/2l fine sandy clay 
loam textured ash, slightly greasy; with many 
root channels; sharp contacts; paleosol 

40 mm Very dark grey medium ash, firm, pocketing 
80 mm Light olive brown to olive brown (2.5Y5/4 - 4/4) 

fine sandy loam textured ash, with iron-stained 
root channels; paleosol 

1 1 0 mm Purplish black bedded fine sandy ash; 
discontinuous beds with wavy distinct contacts 

90 1 .580 Light olive brown (2.5Y5/4) fine sandy clay loam textured 
ash, greasy; with many brown coated root channels 

30 1 .6 1 0  Very pale brown (1 0YR7/3) fine ash 'cream cakes' 

1 70 1 .780 Light olive brown (2.5Y5/4) fine sandy loam textured ash, 
greasy; with many dark brown coated root channels; 
paleosol 

1 0  1 .790 Very dark grey (5Y3/1 ) fine ash, pocketing, with 
interbedded beech leaves 

300 2.090 Yellowish brown ( 1 0YR5/6) fine sandy clay loam textured 
ash, greasy; with many dark brown coated root channels; 
paleosol; with indistinct lower contact, and a central 
40 mm thick bed of brown and grey bedded coarse ash, 
pocketing; 

60 2. 1 50 White and yellow coarse pumiceous ash interbedded within 
yellowish brown, greasy sandy loam textured Papakai 
Formation 

1 70 2.320 Yellowish brown ( 1 OYR5/6) medium sandy loam textured 
ash, with many dark brown coated root channels 

40 2.360 Yellow ( 1 0YR7/6) fine pumice lapilli and grey fine lithic 
lapilli, with sandy loam textured ash matrix; discontinuous 
unit 

1 90 2.550 Yellowish brown ( 1 0YR5/6) fine sandy loam textured ash, 
with cracked exterior and many dark coated root channels; 
with scattered fine lithic lapilli 

80 2.630 Bedded very fine and fine brown and grey lithic lapilll 

1 80 2.81 0 Grey and brown very fine and fine lithic lapilli, 
non-vesicular and clast-supported lapilli; weakly bedded at 
top 

70 2.880 Grey laminae of fine to coarse sand; ?fluvial sands 

1 20 3.000 Pale brown fine and medium pumice lapilli, with pale yellow 
interiors 
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Form��tion Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

Pahoka Tephra 60 3.060 20 mm Grey very fine angular. platy pumiceoue 
fragment• 

40 mm Grey fine lapilli with matrix of grey and brown 
very fine angular, platy pumice fragment• 

200 3.260 Brown eilty loam to eilty clay loam textured medial unit, 
ehowing paleoeol development; with cracked exterior and 
ecattered fine pumice and lithic lapilli 

2000 5.260 Weakly bedded pale yellow, pale brown, and grey pumice 
lapilli, and lithic lapilli with very fine .. nd and eilt interbede; 
fluvial depoeit 

1 000 6.260 Alternating bed a of very fine compacted eand, and reverie 
graded pebble-rich bed• with cobblee; fluvial depoeit 

Bullot Formation unnamed 50 6.3 1 0  Pale orange and brown fine and medium pumice lapilll, 
(upper) angular, with few black fine lithic lapilli and eandy loam 

textured .. h matrix 

1 1 0 6.420 Light olive brown (2.5Y5/4) .. ndy loam textured aeh, with 
interbedded laminae of coaree aah; common coated root 
channel•; paleoeol 

unnamed 30 6.450 Black coar1e Blh with very fine pumice and lithic lapllli 

1 00  6.550 Dark yellowieh brown to yellowieh brown ( 1 0YR4/4 - 5/4) 
.. ndy clay loam textured medial unit. ehowing paleoeol 
development, with many very fine lithic lapilli; few root 
channel a 

Pourahu member 1 40 6.690 White 1 1 0YR8/2) and pink 15YR7/3), with pale yellow 
[tephra unit) medium and coaree pumice lapilli, firm, and few lithic lapilli; 

with coarse aah matrix; revereely graded unit, grading from 
a very fine lapilli and coaree Blh baee, to a dominantly 
medium lapilli top 

M, 40 6.730 20 mm Grey aeh, firm and prominent, with ecattered 
fine etrong yellow lapilli 

20 mm Yellow Blh, firm and prominent 

unnamed 90 6.820 Black fine lithic lapilli and fewer white and very pale yellow 
fine pumice lapilli 

member l 1 8  90 6.91 0 Black, and eome red angular lithic lapilli, and dark brown to 
dark yellowieh brown ( 1 0YR4/3 - 4/4) dominantly fine 
pumice lapilli; ungraded unit 

unnamed 1 30  7.040 40 mm Purplieh black coaree aeh 
30 mm Brown very fine angular, platy pumice 

fragment• 
60 mm Black coaree aeh with many ecattered fine lithic 

lapilli and pale yellow fine and medium pumice 
lapilli, eoft 

member l1 7 250 7.290 Black fine lithic lapilli, angular, and dark brown ( 1 0YR3/3) 
fine and eome medium pumice lapilli; ungraded unit 

M• 1 30 7.420 40 mm Brownieh grey pumice lapilli and coaree aeh 
1 0 mm Brown fine aah 
20 mm Black and brown coaree aeh 
30 mm Yellow to olive coaree aeh 
30 mm Black coaree Blh 

member l 1 6  1 40 7.560 Strong brown (7.5YR5/8) medium and fine, with few 
coarse pumice lapilli, with olive brown (2.5Y4/4) interior•. 
and dark grey with few red fine to coaree lithic lapilli; 
angular pumice and lithic lapilli; coaree a1h matrix; weak 
normal grading 

M, 70 7.630 30 mm Grey loamy textured a•h with ecattered lapllll 
20 mm Yellow loamy textured a1h with very fine 

pumice lapilli and very fine angular, platy, 
pumice fragment• 

20 mm Dark grey coaree loamy textured aeh with 
ecattered lapilli 

member l 1 5  250 7.880 Strong brown (7.5YR5/8) and very dark greyieh brown 
( 1 0YR3/2) very fine and fine pumice lapilli, with olive 
interior•; angular, hard pumice; and grey, very dark grey 
and occaeional red lithic lapilli; minor coaree aeh matrix; 
normally graded unit 

unnamed 80 7.960 Greyish brown medium ash with dark greyieh brown lithic 
lapilli 
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FormtJtion Member Unit Cum. DeiiCription 

Depth Depth 

(mm) (m) 

Bullot Formation member L 1 4  90 8.050 Black fine and very fine lithic lapilli, and strong brown fine 
(upper) and very fine pumice lapllli; ungraded unit 

unnamed 30 8.080 Yellowish brown aandy loam textured aeh with scattered 
lapilli 

70 8. 1 50 Purplish black ash with many black very fine lithic lapilli 

member L1 3 1 90 8.340 Black, and occasional red, fine lithic lapilli, and strong 
brown fine and common medium pumice lapilli, with olive 
brown interiors 

unnamed 50 8.390 Purplish black medium ash with few fine lithic lapilli 

member L1 2 90 8.480 Black fine lithic lapilli and very dark greyish brown 
(1 OYA3/21 fine pumice lapilll, with black interiors; minor 
black coarse ash matrix 

unnamed 80 8.560 Brown coarse ash 

30 8.590 Pale grey medium ash with fine lapilll 

30 8.620 Brown aandy loam textured aah 

1 1 0 8.730 Brown fine pumice lapilli 

1 90 8.920 Black lithic lapilli in black coarse aeh; with interbedded thin 
greyish brown aeh laminae, and a purplish black coarse 
lithic-rich ash 

1 80  9. 1 00  Black, and fewer grey and red very fine and fine lithic 
lapilli, and brown pumice lapilli; normally graded from very 
fine and fine lapilli baae to a coarse ash top 

20 9. 1 20 Purplish black fine aandy loam textured ash, with many 
very fine black lithic iapilli 

50 9. 1 70 Dark olive grey coarse ash with yellow very fine pumice 
lapilli and black very fine lithic lapllli 

20 9. 1 90 Purplish black coarse sandy ash with few black fine lithic 
lapilli 

member L1 1 1 1 0 9.300 Vary dark greyish brown ( 1 0YA3/21 fine and medium 
pumice lapilli, with very dark greyish brown (2.5Y3/21 
interiors, and black and common red fine and very fine 
lithic iapilli; hard subangular pumice, and lithic lapilli; with 
grey coarse ash matrix, grading up to a black coarse ash 
matrix near top of unit 

unnamed 1 20 9.420 Greyish brown coarse loamy textured aah, with many fine 
lithic lapilli 

member L 1 0  1 20 9.540 Light olive brown (2.5Y5/41 dominantly fine pumice lapilli 
and black lithic lapilli, with a coarse ash matrix; hard 
aubrounded pumice, and angular lithic lapilli; ungraded unit, 
with indistinct lower contact 

member L9 1 80  9.720 Light olive brown (2.5Y5/41 coarse pumiceous ash, fine 
pumice lapilli, and fewer black fine and very fine lithic 
lapilli; indistinct contacts 

member L8 1 80 9.900 Light olive brown (2.5Y5/41 fine and few medium-coarse 
pumice lapilli, and black dominantly fine lithic lapilli; 
subangular, soft pumice; distinct lower contact 

unnamed 200 1 0. 1 00  Greyish brown loamy textured ash, and very fine to fine 
lithic lapilli 

40 1 0. 1 40 Brown pumice lapilli and some black coarse lithic lapilli 

40 1 0. 1 80 Light brownish yellow aandy loam textured ash, with fine 
pumice and lithic lapilli 

1 20 1 0. 300 Black and brown coarse loam textured ash, with many fine 
lithic lapilli 

1 1 0 1 0.41 0 Brown fine and medium pumice lapilli with a central bed of 
yellow very fine, angular, platy pumice fragments; 
distinctive unit 

50 1 0.460 Black coarse aandy ash 

Bullot Formation and 30 1 0.490 Pale brown ash with interbedded white very fine white 
Aerewhakaaitu Tephra rhyolitic ash 

Bullot Formation unnamed 1 70 1 0.660 Very dark grey coarse ash and very fine lithic lapilli; 
(middle) gravelly texture 

50 10.710 Yellow medium and fine pumice lapilll, and black medium 
and fine lithic lapilli 
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Formstion Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

Bullot Formation unnamed 40 10.760 Brown coarse .. h and medium pumice lapilll, with some 
(middle) black lithic lapilli 

30 1 0.780 Brown coarse loamy .. nd textured ash 

30 10.B10 Black undy ..  h 

20 1 0.830 Grey fine .. h and very fine lithic lapilll 

270 1 1 . 1 00  Alternating beds o f  brown, and very dark grey, loamy 
textured .. h and fine to very fine lapilli 

member L7 1 80  1 1 .280 Black lithic lapilli, and light yellowish brown ( 1 0YR6/4) fine 
and very fine pumice lapilli, with yellowish brown 
( 1 0YR6/41 interiors; angular lithic• and pumice; normally 
graded unit 

unnamed 1 0  1 1 . 290 Black to dark grey coarse .. h 

member L6 1 40 1 1 .430 60 mm Pale brown (1 0YR6/31 to pinkish grey 
(pink lapillil (7.6YR6/21 fine and very fine pumice lapilli, 

with .. me coloured interiors, and sandy loam 
textured .. h matrix 

80 mm Pale yellow fine pumice lapilli and coarse .. h; 
with bed of black very fine lithic lapilll at b .. e 

unnamed 1 60 1 1 .680 Very fine pumice and lithic lapilll, and coarse .. h 

60 1 1 .630 Black lithic lapilli and yellowish brown pumice lapilll 

20 1 1 .660 Dark greyish brown fine pumice lapilli and black fine lithic 
lapilli 

90 1 1 .740 20 mm Pinkish brown sandy loam textured .. h with 
scattered fine lithic lapilli 

70 mm Brownish yellow to yellow ( 1 0YR6/6 - 7/6) and 
dark yellowiah brown ( 1 0YR4/41 pumice lapilli, 
with olive brown interiors, and black with 
occ .. ional red lithic lapilli, angular; some ash 
matrix 

40 1 1 .780 Loamy textured .. h 

member L6 1 00  1 1 . 880 Brown (1 0YR6/3) to dark brown ( 1 0YR4/31 fine pumice 
lapilli, with same coloured interiors, and black fine and 
medium lithic lapilli and acoria; some .. ndy loam textured 
ash matrix 

unnamed 1 30 1 2.010 Pale yellow and pink very fine pumice lapilli, with grey 
interiors, and black very fine lithic lapilli; with brown coarae 
aah matrix; normally graded unit 

member L4 290 1 2.300 Pale brown (1 0YR6/3) and light yellowish brown (2.6Y6/41 
dominantly fine pumice lapilli, with light grey to light 
yellowiah brown interiora; aome medium and coarse pumice 
lapilli and occasional pumice bombs; very vesicular, hard 
pumice; and black and grey very fine lithic lapilli and some 
acoria; weak normal grading; sharp contacts 

unnamed 230 1 2.630 Greyish brown to olive brown coarse ash and fine lapilli 
bed a 

1 60 1 2.680 Brown very fine and fine pumice lapilli, and black, red and 
grey lithic lapilli, with a sandy loam textured .. h matrix; 
normally graded and prominent unit 

1 800 1 4.480 Strongly bedded unit comprising poorly sorted dominantly 
sand-rich, and granule-rich and pebble-rich beds, mostly 
< 60 mm depth; with interbedded silt laminae and pockets 
of pumice, and lithic lapilli; with scattered very coarse 
pebbles, cobbles and boulders; weak croaa bedding; unit 
wedges and pinches out at southern end of exposure; 
fluvial deposit 

unnamed 40 1 4.620 Brown medium ash and scattered fine pumice and lithic 
lapilli; sharp contacts 

Okareka Tephra 1 0  1 4.630 White very fine ash, pocketing, with intermixed very fine 
black and brown andeaitic ash 

Bullot Formation unnamed 20 14.660 Olive brown fine sandy loam textured ash; distinct contacts 
(lower) 

70 1 4.620 Black coarae ash; distinct contacts 
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ForfTIIItion Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

Bullot Formation member L3 230 1 4.850 Yellowiah brown ( 1 0YR5/8 - 5/6), yellowiah red (6YR6/81 
(lower) (hokey pokey lapillil and few very dark greyiah brown (2. 6Y3/2 - 2/21 medium, 

and aome coarse pumice lapilli, and aome olive grey pumice 
blocka with dark greylah brown lnteriora; very veaicular 
pumice lapilli; aome black fine and medium acoria, angular 
and very few fine hydrothermally altered lithic cl .. ta; 
ungraded unit 

330 1 5 . 1 80 ?Reworked andeaitic pumice lapilli and 81h; compriaing 
alternating dark grey poorly aorted coarae aandy aah beda 
with fine lithic lapilli, and pale yellow dominantly fine 
pumice lapilli beda; aharp contacta 

630 1 5. 8 1 0  ?Reworked andeaitic lapllll and aah; compriaing alternating 
poorly aorted grey aandy aah beda, and pebble-rich beda 
compriaing pale brown to brown ( 1 0YR6/3 - 5/31 fine 
pumice and black and red fine lithic pebble• 

unnamed 30 1 5.840 Black fine aandy aah 

member L2 270 1 6. 1 1 0  Light olive brown (2.5Y6/4) to brown (7.5YR5/4, moiat 
colour) and pale yellow (dry colour)dominantly fine pumice 
lapilll, very vesicular and hard; and few black blocky-
shaped lithic lapilli; aome coarae aah matrix; reveraely 
graded unit, grading from a dominantly fine lapilli baae to a 
medium, with aome coarae lapilli top 

member L1 220 1 6.330 Well bedded and well aorted, thin ( < 10 mm) coarae 
(green uh) pumiceoua uh beda, and pale yellow very fine pumice and 

greenish grey lithic lapilli beda; diatlnctive colouring 

unnamed 50 1 6.380 Coarae aah and fine lapilli 

70 1 6.450 5 mm Coarse ash 
65 mm Olive grey to brownish grey medium and fine 

lapilli, hard angular lapilli; normally graded 

1 0  1 6.460 Purpliah grey medium uh 

1 50 1 6. 6 1 0  Bedded lapilll and aah, compriaing alternating fine and very 
fine lithic dominant lapilli beda, and poorly aorted coarae 
ash bed a; bed a 30 - 40 mm thick with diatinct contacta; 
sharp upper and lower contacta 

20 1 6.630 Brown fine aandy loam textured aah; aharp contacta 

1 80  1 6.81 0 Bedded aah and lapilli, compriaing alternating dark olive 
grey moderately well aorted coarae lithic and pumiceoua 
uh beda, and pale brown ( 1 0YR6/31 to light yellowiah 
brown (2.5Y6/41 fine pumice lapilli and black medium lithic 
lapilli bed a; angular lithic• and aoft pumice; diatinctly 
bedded unit 

Kawakawa Tephra Oruanui lgnimbrite 40 1 6.850 30 mm Pinkiah grey (7.5YR7/21 uh, firm, and fine 
Formation pumice lapilli 

?Aokautere Ash 1 0  mm White fine aah 

40 1 6.890 Brown aandy loam textured aah 

Te Heuheu Formation unnamed 1 1 0 1 7.000 Strong brown (7.6YR5/81 aandy clay loam textured matrix, 
with brown very fine and fine pumice pebble• and grey 
andeaitic pebblea; ungraded; debria flow depoait 

30 1 7.030 Greyiah brown sand with acattered pebblea; moderately 
well aorted aand 

1 00  1 7 . 1 30 Yellowish red (5YR5/8) fine and medium pumice lapilli, 
with aame coloured interiora, aoft and firm pumice; and 
fewer dark grey fine lithic lapilli, angular; aome aah matrix; 
weak normal grading 

520 1 7.650 1 50 mm Weakly bedded yellowiah red (6YR5/61 very fine 
and some fine pumice lapilli, with olive brown 
interiora; angular, hard pumice lapilll; and grey 
very fine lithic lapilli; prominent unit; indiatinct 
contact a 

370 mm Aa above but dominantly fine pumice lapilli 

1 40 1 7.790 Coarae aandy loam textured matrix, poorly aorted, with fine 
andeaitic pebble• and reddiah yellow fine pumice pebblea, 
soft, and acattered andeaitic cobble• at upper contact 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Fortnlltion Member 

Onetapu Formation unnamed 

Taupo Pumice Taupo lgnimbrite 

Mangatawai Tephra 

Papakai Formation 

Waimihia Tephra 

Papakai Formation 

Manutahi Formation unnamed 

Papakai Formation 

Hinemaiaia Tephra 

Papakai Formation 

Manutahi Formation unnamed 
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Bullot Track Section 2 [BT2) 

T20/420 1 1 0 

A large cutting within an ephemeral stream channel, approx. 

400 m northeast of Bullot Track, and 600 m south of Hyde 

Trig 

Description is taken from an exposure immediately adjacent 

to a thick sequence of Manutahi Formation sands and gravels 

which infill a former channel cut into tephras older than 

Hinemaiaia Tephra 

Unit Cum. De&cription 

Depth Depth 

(mm} (m} 

0.000 lag depo1it of grey �and, pebble I, cobble• and boulder� 

260 0. 260 Dark greyi1h brown ( 1 0YR4/2) and dark greyilh brown 
(2.5Y4/2) fine �andy loam textured Blh, non·greBiy; with 
mottled root channel• and contact•; paleo1ol 

570 0.830 White fine to coar1e pumice lapilli and coar1e Blh, poorly 
1orted, with charcoal; with a 40 mm thick very coaru 
cry1tal·rich depo1it at b81e of the ignimbrite 

520 1 .350 1 50 mm Olive brown (2.5Y4/4) 1andy clay loam textured 
ash, gre81y; with many iron-1tained and 
imogolite-coated root channel•; paleo1ol 

50 mm Black medium �andy Blh, pocketing 
1 30  mm Olive brown (2.5Y4/4) to dark greyi1h brown 

(2.5Y4/2) �and clay loam textured Blh, •lightly 
gre81y, grading downward• to fine �andy loam; 
with imogolite·coated root channel• 

1 90 mm Bedded black and purpli1h black coar1e and fine 
Blh, pocketing; with profu1e iron·ltained beech 
leave�; wavy di1tinct bed contact1, with brown 
�andy loam textured Blh interbed1 

80 1 .430 Dark yellowi•h brown (1 0YR4/4) �andy loam to �andy clay 
loam textured Blh, with patche1 of gleyed dark grey 
(5Y4/1 )  to olive grey (5Y4/2) �andy loam; •lightly lticky;; 
with distinctive dark reddi•h brown (2.5YR3/4) iron·ltained 
root channel• and contact• 

1 1 0 1 .540 Dark yellowish brown (1 0YR4/4) medium �andy clay loam 
textured ash, •lightly greBiy; with common very fine 
pumice and lithic lapilli; imogolite-coated root channel• 

30 1 .570 Pale brown (1 0YR6/3) fine 81h 'cream cake•' interbedded 
in Papakai Formation 

240 1 .8 1 0  Dark yellowish brown (1 0YR4/4) �andy clay loam textured 
Blh, •lightly greBiy; di1tinct cracked exterior; weakly 
developed coarse nut and block 1tructure; with 1cattered 
very fine orange pumice lapilli; paleo1ol 

340 2. 1 50 Grey bedded �and• and lithic granule�, with very coarae 
ande1itic pebble• (maximum cl81t 60 mm) and pocket• of 
claat-1upported ande1itic and pumice pebblea; 
diacontinuou1 beda and aome cro11 bedding; wavy 
contacta; 1 1t conformable unit 1een above Manutahi 
Formation channel fill depoaita In an adjacent aection 

50 2.200 Grey bedded fine aandy clay 

1 80 2.380 Yellowish brown (1 0YR5/6) and light olive brown (2.5Y5/41 
medium aandy clay loam textured 81h, greaay; with many 
dark brown coated root channela; indi1tinct ba�al contact 

1 20 2.500 Pale yellow ( 1 0YR5/61 and white coar1e pumiceoua aah 
dispersed within yellowish brown Papakal Formation 

1 1 0 2 .610 Yellowish brown coarse �andy clay loam, with inter1peraed 
Hinemaiaia Tephra at top, and fine ande1itic lapilli 

1 30 2.740 Bedded unit comprising well aorted and lithified coar1e 
und beds, granule-rich bed1, and pebble-rich beda 



A39 

Formation Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

Manutahi Formation unnamed 1 40 2.880 Cleat-supported, aubrounded fine and medium pumice and 
lithic pebble a, interbedded within sandy loam textured 
matrix 

60 2.940 Grey and brown, mottled fine and very fine sandy loam-
and undy clay loam textured bed a; aharp contacts 

20 2.960 Fine and very fine lithic lapilli, and fewer pumice lapilli, with 
minor sandy loam textured aah matrix 

Papakai Formation 290 3.250 1 30  mm Yellowish brown ( 1 0YR5/6) fine sandy clay 
loam textured unit, with yellowiah red (6YR4/8) 
mottlea and coated root channels; distinct 
surface cracking 

1 60  mm Greyish brown (2.5¥5/21 to light olive brown 
(2.5Y5/4) medium sandy loam, with yellowish 
red coated root channels; dlatinct aurface 
cracking; paleoaol 

60 3.300 Olive brown fine undy clay loam textured medial unit, 
slightly greasy; with abundant very fine lithic and pumice 
lapilli, and common yellow ( 1 OYR7/8) fine pumice lapilli; 
iron-stained root channels 

60 3.360 Sandy clay textured medial unit, sticky, with common 
yellow fine and very fine pumice lapilli, and very fine lithic 
lapilli; many reddish brown coated root channels 

240 3.600 Grey, weakly bedded aanda and lithic granules, with 
interbedded lenaea of brown, dominantly fine cleat-
supported pumice pebbles; discontinuous bed a with wavy 
distinct contacts 

1 70 3.770 Rounded fine to coarse pumice lapilli, and lithic lapilll 
interbedded within a sandy loam textured matrix; 
discontinuous unit 

240 4.0 1 0  Greyish brown (2.5¥5/21 and purplish grey medium sandy 
clay loam textured unit, slightly greasy; coarse surface 
cracking; distinctive dark brown iron-stained contacts and 
coated root channels 

reworked Mangamate 230 4. 240 1 50 mm Very dark grey (5Y3/1 I dominantly fine 
Tephra non-vesicular lapilli, with interbedded sandy 

laminae; weekly bedded and aemi-lithified 
80 mm Grey dominantly very fine non-vesicular lapilli; 

semi-lithified 

Mangamate Tephra Wharepu Tephra 1 50 4. 390 Grey (5Y3/1 1 and dark greyish brown ( 1 0YR4/2) 
dominantly very fine non-vesicular lapilli; loose, gravelly 
texture; normally graded, with a brown firm sandy aah 
bue 

Ohinepango Tephra 2 1 0  4.600 Black (2.5¥2/0), and yellowish red (5YR4/6) to atrong 
brown (7.5YR5/6) bedded coarae aah; black beda are lithic 
dominant, and yellowlah red to atrong brown beda are 
pumice dominant; near base of unit are two diatinct, coarae 
yellow aah beds, possibly repreaenting Waihohonu Lapilli 
Member 

1 50 4.750 Bedded black and olive aand, and granule-rich beda with 
fine pebbles; with black coarse aand at base 

1 1 0 4.860 Yellowish brown ( 1 0YR5/6) undy loam textured matrix, 
with interbedded discontinuous lenaea of fine and medium 
pebblea 

70turere Lapilli 60 4.920 Dark grey (5Y4/1 ) dominantly medium lapilli; loose, gravelly 
texture 

1 50 5.070 Yellowish brown ( 1 0YR5/6) and light olive brown (2.5Y5/4) 
fine sandy loam textured medial unit, ahowing paleoaol 
development, greasy; with common fine yellow pumice 
lapilli and black coated root channela 

unnamed 90 5. 1 60 Grey and black very fine andeaitic pebble• interbedded in 
fine sandy loam textured matrix 

Pahoka Tephra 50 5 . 2 1 0  Very dark grey (5Y3/1 ) to dark grey (5Y4/1 I and yellowish 
brown (1 0YR5/6 - 5/8) fine lapilli, and distinctive very fine 
angular, platy pumiceoua fragment• 

Bullot Formation unnamed 90 5.300 Yellowiah brown (1 0YR5/6) aandy loam textured aah, with 
(upper) aome root channel• and common fine lithic lapilli; Indistinct 

basal contact on 



FormtJtion 

Bullot Formation 
(upper) 

Member 

unnamed 

Unit 

Depth 

(mm} 

1 000. 

Cum. 

Depth 

(m} 

6.300 

A40 

Description 

Lepilli end eah beds 
A debris flow deposit of Tengetu Formation-age ia found 
interbedded with Bullot Formation tephrea et this site 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Form.tion Member 

Bullot Formation Ngamatea lapilli-1 
(upper) 

Pourahu Member 
[ignimbrite unit) 

unnamed 

Pourahu Member 
[ignimbrite unit) 

Tangatu Formation unnamed 

Bullot Formation Pourahu Member 
(upper) [ignimbrite unit) 

Tangatu Formation unnamed 

A4 1 

The Chute Section 1 

T20/437045 

An exposure near the southern end (approx. 500 m up 

channel) of The Chute, Rangipo Desert 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

0.000 Eroded surface with tephru younger than Bullot Formation 
member Ngamatea lapilli-1 eroded 

70 0.070 Strong brown fine and medium pumice lapilli, and grey fine 
lithic lapilli; loose, sub-angular, soft pumice lapllli; with 
minor sandy clay loam textured ash matrix; distinct 
contacts 

90 0. 1 60  Dark yellowish brown undy clay loam textured medial unit, 
showing paleoaol development, greasy, with cracked 
exterior and pale brown coated root channels; with 
scattered black fine lithic lapilli, and brown pumice lapilli; 
many lithic lapilli at base 

1 20 0. 280 White and pinkish white dominantly medium pumice lapilli, 
and blocks, and minor black lithic lapilli and sandy clay 
loam textured ash matrix; very vesicular, hard phenocryat-
rich pumice 

20 0.300 Black very fine and fine lithic lapilli, loose, gravelly texture; 
grading laterally to grey sandy ash with fine lithic lapilli 

360 0.660 Pale yellow, white, and pinkish white dominantly medium 
pumice lapilli, and blocks; with some white and dark grey 
colour-banded pumiceoua lapilli; very vesicular, hard, 
rounded and aubrounded phenocryat-rich lapilli; some pale 
brown fine sandy loam textured ash matrix with pockets of 
black und; finer grained basal 40 mm; sharp distinct 
contacts 

620 1 . 270 Grey coarse sand and granule matrix, moderately well 
sorted, with matrix-supported black, grey, and red 
andeaitic, and acoria pebbles, and ameli discontinuous 
lenses of white reworked Pourahu Member medium pumice 
pebble a; weakly bedded base comprising < 1 00  mm thick 
pebble dominant and moderately well sorted und dominant 
beds; distinctly reversely graded deposit with cluta 
concentrated toward the top of the unit; debris flow 
deposit 

270 1 .640 Pale yellow, white, and pinkish white dominantly coarse 
pumice lapilli, and many blocks; with fewer colour-banded 
pumiceous lapilli, and grey and red lithic cleats and some 
black scoria; some sandy loam textured ash matrix with 
Interbedded lenses of grey fine und; rounded, very 
vesicular, phenocryat·rich pumice; ungraded deposit; sharp 
basal contact 

200 1 . 740 Grey coarse pumiceoua and lithic sand matrix, moderately 
well sorted; with matrix-supported dominantly grey, and 
black and red andeaitic pebbles and scoria, and many olive 
grey pumice pebbles and occasional jig-uw jointed white 
phenocryat-rich pumice bombs ( > 250 mm); poorly bedded 
deposit. with lateral changes in bedding development; 
debris flow deposit 

260 2.000 Grey coarse sand and granule matrix, aemi-lithified; with 
common matrix-supported black and red andeaitic pebbles 
and scoria, some scattered cobbles and boulders protruding 
at base of exposure, and rounded fine and medium pumice 
lapilli; deposit ahowa lateral changes in bedding 
development, grading from massive to very weakly bedded, 
with 50 - 1 00 mm pebble dominant and a and dominant 
bed a 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Fortn��tion 

Bullot Formation 
(upper) 

Tangatu Formation 

Member 

Pourahu Member 
[ignimbrite unit) 

unnamed 

A42 

The Chute Section 2 

T20/437045 

An exposure near the southern end (approx. 500 m up 

channel) of The Chute, Rangipo Desert 

Unit 

Depth 

(mm} 

500 

300 

1 40 

1 20 

230 

60 

1 50 

230 

Cum. DetSCription 

Depth 

(mJ 

0. 500 White pumice lapilli. blocks, and occasional bombs; with a 
coarse ash matrix; aome andeaitic and acoria claata; 
rounded pumice; pockets of cl .. t-aupported pumice 

O.BOO Pale grey coarse aand and granule matrix, aeml-lithified; 
with matrix-supported dominantly black, and red and grey 
medium andeaitic pebbles and scattered cobbles; wavy 
scoured basal contact; debris flow deposit 

0.940 

1 .060 

1 . 290 

1 .350 

1 .500 

1 .730 

Bedded grey sand and granule matrix, aemi-lithified; with 
fine andeaitic pebbles; bed thicknesses generally 
50 - 60 mm; hyperconcentrated flood flow deposit 

Grey sand and granule matrix; with clut-aupported red, 
grey and black fine and few medium andeaitic pebbles; 
discontinuous lens-shaped deposit; scoured upper contact; 
hyperconcentrated flood flow deposit 

Grey very coarse sand and granule matrix; with many red, 
grey and black fine and medium andeaitic pebbles and 
acoria, and many ( > 50%) olive brown pumice pebbles; 
maximum claat 1 1 0 mm (cobble); debris flow deposit 

Pale grey firm sand with lithic granules 

Grey coarse sand and granule matrix; with many matrix­
supported fine and medium pumice pebbles, sub-rounded, 
and fewer pale yellowish brown, grey and red dominantly 
medium andeaitic pebbles; debris flow deposit 

Grey poorly sorted very coarse sand and granule matrix; 
with heterolithologic red. black and grey dominantly coarse 
pebbles. diatinct porphyritic cl .. ta, angular and aubangular. 
with common cobbles and boulders; with common pale 
brown fine andeaitic pumice pebbles, aubrounded, 
vesicular, hard; matrix to clut-aupported lithic and pumice 
pebbles; pumice pebbles concentrated in top half of unit, 
and lithic pebbles in basal half; distinct sharp and scoured 
basal contact; debris flow deposit 

500 2. 230 Pale brown poorly sorted medium sand dominant and 
granule matrix; with matrix-supported pale brown fine and 
medium aubrounded pumice pebbles and fewer red. 
purplish red, grey and black dominantly medium andeaitic 
pebbles and scattered cobbles ( 1 50 mm), and occasional 
conglomerate cobbles; with an interbedded 400 mm 
prismatically-jointed pumice bomb; ungraded deposit; 
distinct wavy basal contact; debris flow deposit 

90 2.320 Purplish brown medium sand dominant and granule matrix. 
poorly sorted; with some olive grey fine pumice pebbles 
and andeaitic pebbles; wedging unit tapering to 20 mm 
depth; distinct contacts; hyperconcentrated flood flow 
deposit 

1 60  2.480 Grey granule dominant and coarse sand matrix. poorly 
sorted; with matrix-supported purplish red, grey and black 
fine and medium andeaitic pebbles, and some cobbles and 
boulders at very base of unit; with pockets of claat· 
supported cleats; finer grained pebble-free basal 20 mm; 
debris flow deposit 

420 2.900 Grey medium to coarse sand dominant and granule matrix, 
poorly sorted; with many matrix-supported pale brown and 
white medium to coarse pumice pebbles and medium black, 
red and grey andeaitic pebbles, scattered (200 - 300 mm) 
cobbles and boulders concentrated toward base of unit; 
aubangular protruding claata; alight normal grading; debris 
flow deposit 



Formt1tion Member 

Tangatu Formation unnamed 

Unit 

Depth 

(mm) 

250• 

A43 

Cum. Description 

Depth 

(m) 

3. 1 50 Brown coar1e und dominant and granule matrix, poor1y 
1orted; with matrix-1upported grey and red ande1itic 
pebble• and 1cattered cobble1, and 1ome brown pumice 
pebble•; ungraded depo1it; debri1 flow depo1it 



--------------�----------------------

Section Name and Map Code: 

Grid Reference: 

Locality: 

Formlltion 

Onetapu Formation 

Papakai Formation 

Bullot Formation 
(upper) 

Tangatu Formation 

Bullot Formation 
(upper) 

Tangatu Formation 

Member 

unnamed 

?orange lapilli-2 

?orange lapilli-1 

Ngamatea lapilli-2 

Ngamatea lapilli- 1 

unnamed 

Pourahu Member 
[ignimbrite unit) 

unnamed 

Pourahu Member 
[ignimbrite unit) 

unnamed 

A44 

The Chute Section 3 ICT3J 

T20/437045 

An exposure near the southern end (approx. 500 m up 

channel) of The Chute, Rangipo Desert 

Unit 

Depth 

(mm) 

500 

Cum. 

Depth 

(m) 

0.500 

280 0.780 

40 O.B20 

80 0.900 

30 0.930 

1 50 1 .080 

50 1 . 1 30  

90 1 . 220 

90 1 .3 1 0  

7 0  1 .380 

90 1 .470 

60 1 .530 

1 1 0 1 .640 

700 2.340 

1 01 0  3.350 

3so• 3.700 

Deacription 

Grey andeaitic pebbles, cobbles and boulders and laharlc 
sands, unconformably overlying Papakal Formation 

Dark brown to reddish brown medium sandy clay loam 
textured ash, greuy, with cracked exterior, and many dark 
brown coated root channels; with acettered lnteraperaed 
very fine strong brown pumice lepllll; erosional aharp 
laminar upper contact; paleoaol 

Strong brown medium pumice lapilll and black to dark grey 
medium lithic lapilli; with sandy clay loam textured uh 
matrix; indistinct contacts 

Greyish brown medium sandy loam textured ash; with 
scattered fine lithic lapilli end streaks of 7imogolite; 
paleoaol 

Strong brown medium to fine pumice lapilli, and some grey 
fine lithic lapilli; angular, soft pumice; discontinuous tephra 

Greyish brown medium sandy loam textured uh; with 
cracked exterior and many 7imogolite-coated root channels; 
with interbedded indistinct fine lithic and pumice lapilli; 
paleoaol 

Strong brown fine and fewer medium pumice lapilli, and 
black very fine lithic lapilli; with some sandy loam textured 
ash matrix; ungraded, distinctive tephra; soft pumice 

Brownish yellow coarse sandy loam textured medial unit, 
showing paleoaol development, slightly greasy; with 
moderately well developed fine nut structure and many 
?imogolite-coated root channels; prominent unit 

Strong brown fine pumice lapilli and very fine dark grey 
lithic lapilli; loose lapilli, gravely texture; ungraded tephre; 
finer grain size than Ngamatea lapilli-2; distinctive tephre 

Brown coarse undy clay loam textured medial unit, greasy, 
with black and dark brown coated root channels, and many 
very fine scattered white pumice and grey lithic lapilll 

Yellowish grey coarse sandy loam textured medial unit, 
showing paleosol development; with common 7imogolite­
coated root channels, and many scattered black very fine 
lithic lapilli and some white pumice lapilli 

Strong brown fine and medium pumice lapilli and grey fine 
lithic lapilli, with minor sandy loam textured uh matrix; 
hard pumice; sharp basal contact 

White fine pumice lapilli and blocks, with coarse sandy uh 
matrix; ungraded deposit; sharp basal contact 

Dark grey coarse und and granule matrix, moderately well 
sorted; with dominantly black, red and grey fine and 
medium andeaitic pebbles, and few reworked Pourahu 
Member pumice blocks; discontinuous unit; acoured basal 
contact; debris flow deposit 

Very poorly sorted deposit comprising white and pinkish 
white pumice lapilli, blocks and bombs; colour-banded grey 
and white pumiceoua lapilli and blocks; some black acoria; 
and pale pinkish brown crystal-rich coarse uh with pale 
brown sandy clay loam textured lnterbeda; very vesicular 
phenocryat-rich pumice; pyroclutic flow deposit 

Dark grey coarse sand and granule matrix, with black, red 
and grey dominantly coarse and very coarse andeaitic 
pebble• and acoria; reveraely graded deposit, with coarser 
clasta concentrated toward top of deposit; distinct upper 
contact; debris flow deposit 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Form11tion Member 

Makahikatoa Sands 

Tufa Trig Formation unnamed 

member Tf8 

Makahikatoa Sands 

Tufa Trig Formation unnamed 
(?member Tf71 

member Tf6 

Makahikatoa Sands 

Tufa Trig Formation member Tf5 

Makahikatoa Sands 

Tufa Trig Formation member Tf4 

Makahikatoa Sands 

Tufa Trig Formation member Tf3 

Makahikatoa Sands 

Tufa Trig Formation member Tf2 

Makahikatoa Sands 

Tufa Trig Formation member Tf1 

Taupo Pumice Taupo lgnimbrite 

Mang·atawai Tephra 

Papakai Formation 

Waimihia Tephra 

Papakai Formation 

black aah-2 

A45 

Death Valley Section 2 [DV2) 

T20/408047 

Description is for deposits exposed along a c. 50 m stretch 

of channel within Death Valley. 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

40 0.040 Yellowish brown (1 0YR5/61 sandy loam textured unit 

60 0. 1 00  Dark grey coarse ash; distinct cont.cts 

1 5  0. 1 1 5 Very dark grey sandy ash with very fine yellowish brown 
pumice lapilli at base 

30 0. 1 45 Yellowish brown fine sandy loam textured unit 

30 0. 1 75 Black sandy ash 

60 0.235 Black coarse ash and very fine lapilli, with a grey fine ash 
base and top 

70 0.305 Yellowish brown sandy loam textured unit; paleosol 

90 0.395 Black very coarse black and dark grey ash and fine lapilli 
with a fine grey ash base 

25 0.420 Brown sandy loam textured unit 

5 0.425 Grey coarse ash, pocketing 

20 0.445 Brown sandy loam textured unit 

5 0.450 Dark grey coarse ash, pocketing 

65 0.5 1 5  Grey sandy loam textured unit, greasy, with strong brown 
mottles; paleosol 

55 0.570 Brown fine and medium pumice lapilli with Iron-stained 
contacts 

1 70 0.740 Yellowish brown medium aandy loam textured unit, alightly 
greaay, with distinct lron-atained cont.cta; paleoaol 

50 0.790 Pale yellow medium and fine pumice lapilli, with iron-
stained cont.cts 

1 30 0.920 Purplish grey sandy loam textured unit, greasy; with 
acattered fine reworked Taupo Pumice; 1 0  mm yellowiah 
red iron-stained base; paleosol developed in Taupo 
lgnimbrite 

360 1 . 280 White poorly aorted coarae ash and lapllli, with 
charcoalised branches 

460 1 .740 1 1 0 mm Dark purplish brown medium aandy clay 
textured ash, very greasy; with a 10 mm atrong 
yellowiah red iron-stained baae; paleoaol 

1 30 mm Dark brown fine aandy clay textured eah, very 
greasy; paleoaol 

220 mm Dark grey and bl.ck coarse ash beds, 
discontinuoua; with aandy clay loam textured 
ash interbeds 

1 60  1 .900 Dark yellowish brown (1 0YR4/41 medium aandy loam 
textured ash, slightly greasy 

20 1 .920 Pale brown to white fine ash 'cream cakea' Interbedded 
with dark yellowish brown sandy loam textured ash 

20 1 .940 Dark yellowish brown ( 1 0YR4/41 aandy loam textured ash 

1 5  1 .955 Black coarse ash, firm, pocketing 

2 1 0  2. 1 65 Dark yellowish brown ( 1 0YR4/41 medium aandy loam 
textured ash, slightly greasy 



A46 

ForfTIIItion Member Unit Cum. Deacription 

Depth Depth 

(mm) /m) 

Mangaio Formation 2030 4. 1 95 9 1 0  mm Unit 1 :  strong brown (7.5YR5/6) and grey 
(2.5Y6/0) aandy loam to aandy clay loam 
textured matrix, sticky; with many white and 
iron-stained hydrothermally altered lithic pebbles 
and cobbles, soft claats 

220 mm Unit 2: as above but with stronger Iron-staining 
of matrix materials; indistinct contacts 

900 mm Unit 3: purplish grey, grey (2.5Y6/0) and strong 
brown (7. 5YR5/61 aandy clay textured matrix; 
with many white and orange iron-stained 
hydrothermally altered andesitic pebbles and 
co'bbles; greater concentration of claats than in 
units 1 and 2; with common small branches, 
radiocarbon dated [NZ7729] at 4600 ± 1 1 0 
years B. P.; sharp lower contact 

30 4.225 Dark brownish red peat, radiocarbon dated [NZ7532) at 
4850 ± 90 years B.P. 

Papakai Formation 1 00  4.325 Purplish brown greasy aandy clay textured ash; paleoaol 

black ash-1 20 4.345 Black coarse ash, firm, pocketing, indistinct 

30 4.375 Greyish brown sandy clay loam textured ash 

Hinemaiaia Tephra 30 4.405 Yellow and white coarse pumiceous ash dispersed within 
greasy andesitic ash of Papakai Formation 

Manutahi Formation unnamed 90 4.495 Olive brown coarse loamy aand; ?hyperconcentrated flow 
or stream flow deposit 

Papakai Formation orange lapilli- 1 270 4.765 Strong brown iron-stained fine and very fine pumice lapilli, 
soft; with sandy loam textured ash matrix 

Manutahi Formation unnamed 3500 8. 265 Grey sands, bedded, with lenses of pumice pebblea and 
sandy loam textured interbeds 

20 8.285 Black fine ash 

1 0  8.295 Strong brown iron-atained greasy clay 

Whakatane Tephra 25 8.320 White very fine ash with pale grey very fine ash base 

Manutahi Formation unnamed 20 8.340 Strong brown iron-atained greasy clay 

20 8.360 Grey fine aand 

230 8.590 Alternating beds of fine sand and aandy clay 

240 8. 830 Weakly bedded sands and medium to fine pumice, firm, 
and andesitic pebbles 

220 9.050 Strong brown iron-stained greasy clay with dark coated 
root channels and root matter 

1 20 9. 1 70 Purplish brown greaay aandy clay, with very fine white 
pumice fragmentl and scattered coarse ash 

Motutere Tephra 20 9. 1 90 Pale brown and pinkish brown fine and coarse ash 'cream 
cakes', and scattered white very fine pumice fragments, 
interbedded in greasy sandy clay 

Tangatu Formation unnamed 1 50 + 9.340 Greyish - brown - purplish brown greasy aandy clay 



Section Name and Map Code: 

Grid Reference: 

Locality: 

ForfTIIItion Member 

Onetapu Formation unnamed 

Taupo Pumice Taupo lgnimbrite 

Mangatawai Tephra 

Papakai Formation 

Waimihia Tephra 

Papakai Formation 

black ash-2 

Papakai Formation & 
Hinemaiaia Tephra 

Manutahi Formation unnamed 

A4 7 

Death Valley Section 3 [DV31 

T20/409042 

A large cutting (western exposure) near the southern end of 

Death Valley, Rangipo Desert 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

0.000 Veneer deposit of grey laharic and fluvial sands and gravels 

380 0.380 White poorty sorted coarse aeh and lapilli, with charcoal 
fragments; sharp smooth contacts 

440 0.820 1 1 0 mm Dark greyish brown (1 0YR4/2) sandy clay to 
sandy clay loam textured ash, slightly greasy; 
cracked exterior; many iron-stained root 
channels; sharp upper contact; paleoaol 

30 mm Dark grey coarse ash, pocketing 
1 30  mm Olive brown (2.5Y4/4) fine undy loam textured 

ash, greasy; with dark brown coated root 
channels; paleosol 

1 70 mm Alternately bedded dark grey to black coarse 
sandy ash beds, pocketing, and dark greyish 
brown coaree loamy sand textured ash beds 

1 1 0 0.930 Yellowish brown (1 0YR5/6) to dark yellowish brown 
(1 0YR4/4) fine sandy loam textured ash, with weakly 
developed coarse blocky structure, and pale brown coated 
root channels; paleosol 

20 0.950 Pale brown fine ash 'cream cakes', with intermixed brown 
fine andesitic ash 

1 90 1 . 1 40 Yellowish red (5YR4/8) and yellowish brown ( 1 OYR5/6) 
mottled fine sandy loam textured ash, with moderately 
developed fine nut structure; many mottled root channels; 
paleoaol 

20 1 . 1 60  Dark grey (5Y411 1 coarse ash, firm, with reddish brown 
iron-staining 

60 1 . 220 Dark yellowish brown (1 0YR4/41 sandy loam textured ash; 
indistinct contact• 

1 30  1 .350 Yellowish brown ( 1 0YR5/6 - 5/8) sandy loam textured aeh; 
with interepereed yellow coarse pumiceoua ash; with dark 
reddish brown (5YR3/4) mottled root channels 

1 450 2.800 Bedded unit, comprising eand dominant, pebble dominant, 
and yellowish brown (2.5Y6/4) prominent sandy clay loam 
textured beds with dark brown coated root channels and 
interbedded grey fine sand laminae; sand dominant beds 
comprise grey well sorted sands, with crou beds and 
scour and fill structures; pebble-rich beds comprise fine 
rounded andeeitic and brown pumice pebbles with sand 
and granule matrices, and are the dominant bed-type in the 
top 1 m; discontinuous beds; deposit transitional in 
character between fluvial and hyperconcentrated flood flow 
deposita 

50 2.850 Millimetre-bedded grey very fine sand and brown very fine 
eilt bede; firm, prominent; with 5 mm iron-stained contacts 

70 2.920 Grey (5Y5/1 )  to olive grey (5Y5/2) medium sandy clay 
loam textured medial unit, showing paleoaol development, 
with yellowish red (5YR4/6) mottlea; with common fine 
white pumice (apilli; many distinct dark brown coated root 
channel a 

220 3. 1 40 Light olive brown (2. 5Y5/4) sandy clay loam textured 
medial unit, with interbedded yellowish brown ( 1 0YR5/8) 
fine pumice lapilli with light olive brown (2.5Y5/4) interiors, 
and grey and black lithic lapilli; distinct contacts 

1 70 3.310 Dark yellowish brown ( 1 0YR4/4) medium to fine sandy clay 
loam textured medial unit, showing paleoaol development; 
with weakly developed blocky structure, and interbedded 
fine pumice lapilli and grey lithic lapilli; with brown coated 
root channels 



A48 

Form11tion Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

Papakai Fonnation ?orange lapilli-1 90 3.400 Yellowish brown 1 1 0YR5/81 dominantly fine pumice lapilll 
( < 1 0 mm I and grey lithic lapllli; Interbedded In dartc 
yellowish brown ( 1 0YR4/41 aandy clay loam textured aah 
with distinct olive brown (2.5Y4/41 coated root channels 
and fibres; discontinuous tephra 

Manutahi Fonnation unnamed 1 80  3.580 Pockets of matrix and claat-aupported coarse and medium 
brown rounded pumice pebbles, and red and black fine and 
medium andeaitic pebbles; irregular contacts 

reworked Motutere 20 3.580 Laminated pinkish brown coarse and fine aah 
Tephra 

Manutahi Fonnation unnamed 2 1 0  3.790 Bedded unit, comprising very fine and fine rounded pumice 
and andeaitic pebble beda, nonnally graded, and aand 
dominant beda comprising well sorted aanda with pockets 
of medium and coarse rounded pumice and andeaitic 
pebbles; aorna crou beda and acour a. fill atructurea; wavy 
sharp bed contacts; aharp baaal contact; deposit 
transitional in character between fluvial and 
hyperconcentrated flood flow deposita 

Motutere Tephra 20 3.81 0 Light grey 1 1 0YR7/21 to pinkish brown coarse and fine aah 
'cream cakea', and pumice fragments; primary tephra; 
sharp discontinuous contacts 

40 3.850 Pale yellow (2.5Y7/41 to light yellowish brown (2.5Y6/41 
fine sandy loam textured ash, with cracked exterior and 
distinct black coated root channels; paleoaol 

Tangatu Formation unnamed 430 4. 280 Bedded unit, compriaing pebble dominant and aand 
dominant bed a; pebble dominant beda compriae distinctly 
rounded pale yellow (5Y7/31 and light browniah grey 
(2.5Y6/21 to greyiah brown (2.5Y5/21 medium to fine 
pumice lapilli, with very pale brown ( 1 0YR7/41 1nteriora, 
and aubrounded fine and medium andeaitic pebblea; aand-
rich bed a compriae lenaea of well aorted coarse or fine 
sand, and grade laterally to fine lapilli and granulea; 
diacontinuoua bed a; on 70 mm grey (5Y511 1  fine aand; 
depoait ahowa characteriatica tranaitional between fluvial 
and hyperconcentrated flood flow depoaita 

320 4.600 Alternately bedded greyiah brown (2.5Y5/21 fine aand, and 
yellowiah brown ( 1 0YR5/61 alightly greaay fine aandy clay 
loam to clay loam textured beda with black coated root 
channela; laminar beds < 20 mm depth; aharp contacta; 
prominent unit 

1 90 4.790 Dark greyiah brown (2.5Y4/21 and dark grey (5Y411 1 to 
olive grey (5Y4/21 gleyed aandy clay loam to aandy clay 
textured medial unit, ahowing paleoaol development, 
aticky; with yellowiah red (5YR4/61 mottlea and many fine 
lithic lapilli at baae; diatinct dark brown coated root 
channel• 

30 4.820 Dark yellowiah brown ( 1 0YR4/41 fine aandy loam textured 
aah; aharp baaal contact 

20 4.840 Black coarse aah and very fine lithic lapilll; diacontinuoua 

40 4.880 Pale greyiah brown loamy aand; granule-rich; Indistinct; 
diacontinuoua 

7Papakai Formation 70 4.950 Yellowish brown ( 1 0YR5/61 fine aandy loam textured-ash, 
with cracked exterior and many black coated root 
channela; with scattered fine lithic lapllll; paleoaol 

Bullot Fonnation Ngamatea lapilli-1 70 5.020 Strong brown iron-atained fine and very fine pumice lapilli, 
(upperl with few very fine and fine lithic lapilli; loose, gravelly 

texture; ungraded 

Tangatu Formation unnamed 240 5.280 Weakly bedded unit, compriaing pebble dominant, granule 
dominant and aand dominant beda, and acattered acoria 
cobblea; pebble dominant beda compriae < 50 mm thick 
beds of fine aubrounded pumice pebblea and andeaitic 
pebblea, with aand and granule matrices; granule dominant 
beds compriae well < 1 0 mm thick bed a of well sorted 
andesitic and pumice granules; aand dominant beda 
compriae < 20 mm thick bed a of dartc grey, well aorted 
sand, and soma crosa beda; ?fluvial deposit 



ForfTHition Member 

Tangatu Formation unnamed 

Unit 

Depth 

(mm) 

1 30  

Cum. 

Depth 

(m) 

5.390 

A49 

Description 

Greyiah brown aand and granule matrix, lithlfled, with 
many claat-aupported fine andeaitic and pumice pebblea, 
angular; diacontinuoua unit; 7hyperconcentrated flood flow 
depoait 

40 5.430 Alternately bedded andeaitic granule and aand bede; bed 
thickne11e1 < 5 mm 

40 5.470 Weakly bedded black and atrong brown coarae eand and 
granule a 

320 5. 790 Greyiah brown loamy und and granule matrix; with many 
matrix-aupported fine to very coarae pumice pebblea, and 
black and red andeaitic pebblea; common red and black 
cobble• in top 1 50 mm; eubrounded claata; debrle flow 
depoait 

1 70 5.960 Pale grey coarae aand and granule matrix with clalt-
eupported fine andeaitic pebblea, and common black ecoria, 
and aome pumice pebblea; weakly bedded eandy baee; 
hyperconcentrated flood flow depoait; aharp baeal contact 

280 6.240 Light yellowieh brown (2.5Y6/41 very fine undy loam 
textured medial unit, prominent; with interbedded ameli 
lenaea of aand, granulea, and pebblea; with 7imogolite­
coated root channel• 

60 6.300 Fine and medium pumice and lithic lapllll, angular; with a 
light yellowiah brown (2.5Y6/41 loamy und textured aeh 
matrix; ungraded tephra 

760 7.060 Weakly bedded unit compriaing und dominant, granule 
dominant, and pebble dominant beda; aand dominant beda 
compriae dominantly coarae aand; granule dominant beda 
compriee andesitic granulee, eome eand and few fine 
andeaitic pebblea, poorly aorted; pebble dominant beda 
compriae claat-aupported fine to coaree andeeitic pebblee, 
and aome aand; diacontinuoua lena-ahaped beda, with 
wavy diacontinuoua bed contacta; ?fluvial depoait1 

240 7. 300 Black coarae to very coarae eand and granule matrix, 
moderately well eorted; with matrix-aupported andeaitic 
cobble• and eome bouldera at baee, and many red andeaitic 
pebblea; angular to aubangular claata; ungraded depoait 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Form��tion Member 

Mangaio Formation 

Menutahi Formation unnamed 

Papakai Formation 

black uh-1 

Hinemeieie Tephra 

Pepekei Formation 

Manutahi Formation unnamed 

Motutere Tephra 

Tangatu Formation unnamed 

8ullot Formation uncorreleted 
(upper) (7Ngametea lapilli- 1 1  

Tangatu Formation unnamed 

A 50 

Death Valley Section 4 [DV41 

T20/4 1 004 1 

A large cutting (western exposure) at the southernmost end 

of Death Valley, Rangipo Desert 

Unit Cum. De•cription 

Depth Depth 

(mm) (m) 

870 0.870 300 mm Grey and atrong brown iron-ateined aendy clay 
loam textured matrix, with matrix-aupported 
endeaitic pebble• end cobble• 

670 mm Grey end atrong brown iron-ateined aendy clay 
textured matrix, aticky; with matrix-aupported 
endeaitic cobblea end bouldera concentrated 
toward b81e of unit; aherp arnooth contacta; 

Overiein by dark grey Onetepu Formation endeaitic 
diemictona 

60 0.930 Grey gleyed fine aendy loam textured unit, with ltrong 
brown rnottlea 

270 1 . 200 Pale grey bedded pebble-rich end lend-rich beda, with 
loamy aend end aendy loam textured lnterbeda; ell beda 
diacontinuoua; ltreem flow depoait 

1 30  1 .330 Dark yellowiah brown (1 0YR4/41 fine to very fine aendy 
loam-aandy clay loam textured eah; with dark yellowiah 
brown ( 1 0YR4/41 to yellowiah brown ( 1 0YR5/61 coated 
root channel•; peieoaol 

20 1 .350 Grey coerae eah, pocketing 

50 1 .400 Yellow end white coerae pumiceoua 81h, diaperaed within 
dark yeilowiah brown undy clay loam textured eah 

1 20 1 .520 Yellowiah brown ( 1 0YR5/61 fine aendy clay loam textured 
aah; with dark brown and black coated root channela; 
peleoaol 

1 30  1 .650 Yellowlah brown ( 1 0YR5/6) fine undy clay loam textured 
unit, peleoaol; with interbeda of rounded pumice pebble• 
end pocket• of grey und 

3000 4.650 Weakly bedded depoait compriaing pumice-rich bed• with 
diatinctly rounded pumice and lithic pebblea, und-rich 
beda, and aandy loam textured interbeda; ell bed a 
dlacontinuoua 

30 4.660 Pinkish brown fine end coarae uh; po11ibly reworked; with 
aherp contact• 

240 4.920 Brown fine undy clay, firm; with Interbedded laminae of 
grey very fine aend; occuionel iron-atained root channel• 

1 60  5 . 1 00  Brown greaay aandy clay, aticky, with acattered ltrong 
brown (7.5YR5/81 fine pumice lapilli; aharp contact• 

50 5. 1 50 Brown fine pumice lapilli 

560 5.730 Greyiah brown coarae und end granule matrix; with 
matrix-aupported grey and red, dominantly medium 
andeaitic pebblea, and cobble• and boulder• (maximum 
cleat 570 mm); reverae graded with finer granule dominant 
weakly laminated bue; aherp lower contact; debria flow 
depoait 

240 5.970 Grey und matrix, indureted, with fine endeaitic pebblea, 
end lenaea of dominantly medium pebblea to cobblea; 
7hyperconcentreted flood flow depoait 

30 6.000 Greyiah brown fine aandy loam textured unit 

70 6.070 Strong brown and black bedded coarae aah with fine aandy 

loam textured interbeda and laminae 

30 6. 1 00  Brown ailt bed, firm 



ForfTNition Member 

Tangatu Formation unnamed 

Unit 
Depth 

(mm} 

360 

240 

A 5 1  

Cum. De11cription 

Depth 

(m} 

6.460 Grey medium to coarse aand and granule matrix, 
moderately well aorted and alightly lndurated; with many 
matrix-aupported red and black andeaitic pebble•. rounded 
and aubangular, and pocket• of aame; reverae graded with 
finer dominantly coaree a and and granule baaal 1 00 mm; 
aharp wavy lower contact; debria flow depoait 

6. 700 Brown fine aandy loam textured unit with grey a and 
laminae and diacontinuoua pebble-rich and unci-rich beda 

6.800 Grey aand matrix with many matrix-aupported fine pebble• 
and occaaional cobblea; debri1 flow depoait 



Section Name and Map Code: 

Grid Reference: 

Locality: 

For,.tion 

Onetapu Formation 

Makahikatoa Sands 

Tufa Trig Formation 

Makahikatoa Sands 

Tufa Trig Formation 

Makahikatoa Sands 

Tufa Trig Fonnation 

Makahikatoa Sands 

Tufa Trig Formation 

Makahikatoa Sands 

Tufa Trig Formation 

Taupo Pumice 

Mangatawai Tephra 

Papakai Formation 

Papakai Fonnation & 
Waimihia Tephra 

Papakai Formation 

Hinemaiaia Tephra 

Papakai Fonnation 

Manutahi Formation 

Member 

unnamed 

?member Tf1 4  

?member Tf8 

member Tf6 

member Tf5 

member Tf4 

?member Tf1 

Taupo lgnimbrite 

black aah-2 

unnamed 

A 52 

Death Valley Section 5 IDV5) 

T20/409045 

A large cutting within Death Valley, eastern exposure 

Unit 

Depth 

(mm) 

1 00  

270 

30 

220 

20 

40 

50 

80 

60 

1 0  

1 40 

30 

1 70 

590 

390 

90 

240 

1 0  

60 

20 

2 1 0  

Cum. 

Depth 

(m) 

0.000 

0. 1 00  

0.370 

0.400 

0.620 

0.640 

0.680 

0.730 

0.81 0 

0.870 

0.880 

1 .020 

Grey laharic sands and gravels 

Dark yellowish brown (1 0YR4/4) greasy fine sandy clay 
loam textured unit 

Yellowish brown fine sandy loam textured ash 

Dark grey coarse ash 

Yellowish brown fine undy loam textured unit 

Dark grey medium and coarse .. h. with very fine pumice 
lapilli 

Dark grey coarse ash 

Medium to coarse sandy loam textured unit 

Dark grey coarse ash and very fine lapilli, with finer grey 

ash base; distinctly reverse graded 

Dark greyish brown ( 1 0YR4/21 greasy medium sandy loam 
textured unit 

Grey coarse ash, pocketing 

Dark yellowish brown (1 0YR4/41 medium sandy loam 
grading down to dark greyish brown (1 OYR4/21 greasy 
medium undy clay loam textured unit; with Iron-stained 
root channels; paleoaol 

1 .050 Fine pumice and lithic lapilli within a sandy loam textured 
ash matrix; ungraded unit, with Iron-stained lower contact 

1 . 220 Dark yellowish brown (1 0YR4/41 to yellowish brown 
( 1 0YR5/61 sandy clay loam textured .. h; paleoaol 
developed in T aupo lgnimbrite 

1 .8 1 0  Grey poorly sorted coarse ash and lapilll with carbonised 
branches 

2.200 1 30 mm Dark greyish brown (1 0YR4/21 very greasy 
medium undy clay loam textured ash; with 

irnogolite-coated and iron-stained root channels; 
paleoaol 

20 mm Black coarse sandy ash, firm, pocketing 
90 mm Dark greyish brown (1 OYR4/21 slightly greasy 

medium sandy clay loam textured ash; friable; 
with few Indistinct iron-stained root channels; 
sharp contacts 

1 50 mm Bedded dark grey (5Y4/1 1  coarse ash beds, finn, 

pocketing, and brown sandy loam textured ash 
beds 

2. 290 Dark greyish brown (1 0YR4/41 fine sandy loam textured 
ash; with common iron-stained root channels 

2.530 Yellowish brown ( 1 0YR5/6) fine undy loam textured ash; 
with dark brown coated root channels; with 10 mm pale 
brown fine ash 'cream cakes' (Walmlhla Tephra) 
interbedded near top 

2.540 Dark grey coarse .. h. firm, pocketing 

2.600 Yellow and white coarse pumiceoua ash dispersed 
throughout yellowish brown ( 1 0YR5/61 medium sandy loam 
textured Papakai Formation 

2.620 Yellowish brown ( 1 0YR5/61 fine sandy loam textured ash 

2.830 Yellowish brown ( 1 0YR5/61 sandy loam textured unit, with 

brown coated root channels; and interbedded pebble-rich 
beds comprising fine rounded bluish grey andeaitic pebbles, 
and distinctly rounded brown pumice pebbles; 
discontinuous pebble beds 



A 53 

Form��tion Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

Manutahi Formation unnamed 1 260 4.090 Poorly bedded unit, compriaing pebble-rich, granule-rich and 
few aand-rich beda; pebble-rich beda are ungraded end 
diacontinuoua, end compriae pale brown fine rounded 
pumice pebble• and fine aubangular endeaitic pebblea, with 
pocket• of claat-aupported pebblea. Send-rich beda 
dominate in upper part of unit and compriae well aorted, 
aemi-lithified aanda, with aome granulea; bed contact• are 

wavy and diatinct 

Manutahi Formation & 1 70 4.260 Dark yellowiah brown (1  OYR4/41 very greaay fine ailty clay 
Whakatane Tephra loam textured unit, prominent; with Interbedded laminae of 

pale grey very fine aand, and diatinct 6 mm thick white 
very fine aah 'cream cake a' (Whakatane Tephra) near top 
of unit; aharp lower contact 

2 1 0  4.470 lndiatinct lapilli beda of dominantly fine pumice and fewer 
lithic lapilli; with aandy loam textured coarae aah matrix 

1 80  4.660 Reddiah brown (2.6YR4/4) greuy fine aandy clay loam 
textured medial unit, ahowlng paleoaol development; with 
acattered very fine lithic lapilll, and dlatinctive black coated 

root channel• 

Manutahi Formation unnamed 230 4.880 Poorly bedded unit comprialng yellowlah brown 
(1 0YR5/6 - 5/8) aandy loam textured beda, grey aand, and 
fine pebble bed• compriaing rounded andeaitic and pumice 
pebblea; dlacontinuoua beda 

70 4.950 Bedded yellowiah brown ( 1 0YR5/6) and grey very fine aand 

1 20 5.070 Discontinuoua bed of diatlnctly rounded fine lron-atained 
pumicea and andeaitic pebblea; aharp contact• 

90 6. 1 60  light olive brown (2.5Y6/4) to olive brown (2.5Y4/4) very 
fine aandy loam textured unit with interbedded grey very 
fine aand laminae; common imogolite-coated root channela; 
aharp upper contact 

7Papakai Formation 1 80  6.340 Greyiah brown (2.5Y5/2) fine aandy clay textured unit; 
with grey mottlea; atrong brown (7. 5YR5/6) iron-atained 
root channel• and contacta; paieoaol 

Motutere Tephra 50 5. 390 Pale pinkiah brown fine and coarae aah 'cream cakea' 
with diatinctive white pumice fragment• 

7Papakai Formation 90 5.480 Olive grey (5Y5/2) to greyiah brown (2.5Y5/2) greaay 
medium aandy clay loam textured unit, with diatinct 
yellowiah red iron-atained root channela; paleoaol 

1 0  5.490 Yellowiah red (5YR4/6 - 4/8) iron pan 

70 5.660 Yellowiah brown (1 0YR5/6 - 5/8) aandy loam textured unit, 
with abundant lithic granulea; occuional root channel•; 
aharp lower contact 

Tangatu Formation unnamed 1 20 5.680 Grey aand and granule dominant matrix, poorly aorted, 
indurated; weakly laminated; grading laterally to pebble-rich 

with cl a at and matrix-aupported pebble a; fine pebble a only. 
maximum claat 1 5 mm (medium pebble). pumice poor; 
sharp contacta; hypeconcentrated flow depoait 

320 6.000 Grey to olive grey coarae aand, and granule dominant 
matrix, poorly aorted; weakly laminated; occaaional cobble 
at b81e of unit; fine heterolithologic lithic• and few pumice 
lapilli (pumice poor); with acattered amall lenaea of fine 
lithic• and few pumicea; aharp wavy contacta; 
hyperconcentrated flow depoait 

70 6.070 Yellowiah brown (1 0YR5/6) medium aandy loam textured 
medial unit, with cracked exterior, and fine crumb 
atructure, friable, with black coated root channel• and 
common acattered fine lithic lapilli 

90 6. 1 60  Sandy loam textured medial unit with abundant lithic 
granule• and many fine lithic lapilli; indiatinct lower contact 

unnamed 1 60  6.320 Pale grey coarae aand and granule•. poorly aorted, and 
many fine and few coarae andeaitic pebblea; few pale grey 
acoria cobble•. maximum claat 1 60 mm (cobble); aharp 
acoured basal contact; hyperconcentrated flood flow 
deposit 



Formation Member 

Tangatu Formation unnamed 

Unit 

Depth 

(mm) 

1 80  

Cum. 

Depth 

(m) 

6.500 

A 54 

Description 

Pale grey coarae aand and granule 1, and many black, grey, 
red, and orange fine andeaitic pebblea; few cobble• et top 
of unit; reveraely graded depoait; hyperconcentreted flood 
flow depoait 

1 60  6.660 Weakly atratified very coarae land and granulea, poorly 
aorted and aemi-lithified; with many fine ande�itic pebble• 
in top of unit, grading down to coarae unci and granulea; 
reveraely graded depoait, wedging to 40 mm; aharp wavy 
lower contact; hyperconcentrated flood flow depoait 

1 40 6.800 Grey coarae unci and granulea, poorly aorted, with 
acattered red, orange, black and grey fine andeaitic and 
pumice pebblea; reveraely graded unit, grading upward 
from a granule dominant b81e to a fine pumice-rich top 
40 mm; hyperconcentrated flood flow depoait; unit pinchea 
out 

380 7 . 1 80 Grey coarae a and and granulea, poorly aorted; with many 
fine andesitic pebblea, and pocket• of claat-aupported 
pebble• and cobbles; aharp boundarlea; reveraely graded 
deposit, grading upward a from a aand dominant baae to a 
granule dominant top with pebblea; at top; aharp 
boundarlea; hyperconcentrated flood flow depoait 

1 70 7.350 Very coarae aand and granulea, with dominantly fine 
andeaitic pebblea; maximum claat 20 mm (coarae pebble); 

reveraely graded depoait, with finer grained baaal 80 mm; 
hyperconcentrated flood flow depoait; unit pinchea out 

80 7.430 Medium aand and granulea, with fine and fewer coarae 
andeaitic pebblea, maximum clalt 20 mm (coarae pebble); 
diacontinuoua unit with aharp contact•; hyperconcentrated 
flood flow depoait 

340 7.770 Very coarae aand and granule matrix, poorly aorted, with 

230 8.000 

40 8.040 

50 8.090 

40 8. 1 30  

70 8.200 

620 8. 820 

matrix-aupported red, black, grey, and brown, dominantly 
coarae andeaitic pebbles, and common cobblea; alight 
normal grading; debris flow deposit 

Stratified coarae sand and granules, with many fine, 
dominantly black andeaitic pebblea; reveraely graded unit; 
hyperconcentrated flood flow depoait 

Grey very fine aandy loam textured unit 

Strong brown and black coarae aand, weakly bedded 

Grey very fine aandy loam textured unit, with central 
granule-rich interbed 

Coarae, poorly sorted aands 

Fine sand dominant and granule matrix, poorly sorted 
sands; with many scattered fine heterolithologic pebblea, 
red, grey, black, and scattered bouldera and cobbles at 
b81e; pebble-rich unit with discontinuous, ungraded pebble­

rich lenaes and granule-rich lenaes; debrla flow depoait 

1 60  8.980 Grey very fine sandy loam textured unit, with Interbedded 
grey fine sand laminae and rounded pumice pebbles 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Fortn11tion Member 

Taupo Pumice Taupo lgnimbrite 

Mangamate Tephra, unnamed 
Pahoka Tephra, 
Bullot Formation 
(upperl 

Bullot Formation member L1 6 
(upperl 

?M, 

unnamed 

member L 1 5  

unnamed 

member L 1 4  

unnamed 

A 55 

Desert Road Section 1 0 [DR 1 01 

T20/46409 1 

A large cutting on the western side of the Desert Road, 

approx. 1 00 m north of the junction with Tukino Skifield 

Road (Bullot Track), and immediately south of Desert Road 

S. 1 1  

Unit Cum. Description 

Depth Depth 

(mm) (m) 

700 0.700 Pink and grey poorly aorted coarae .. h and lapilli 

1 300 2.000 Undeacribed andeaitic tephraa, occurring between Taupo 
Pumice and Bullot Formation member L 1 6  

1 60  2. 1 60  Y ellowiah red (5YR4/6 - 4/81 dominantly fine, and many 
medium and few coarae pumice lapilll, with atrong brown 
(7. 5YR5/81 interiora, and grey lithic lapilll; veaicular, blocky, 
angular. firm pumice lapilli and angular lithic lapilli 

1 1 0 2. 270 40 mm Olive coarae lithic end pumiceoua aah; aharp 
upper contact 

20 mm Pale brown coarae loamy textured eah, firm; 
with many fine lithic lapilli; diacontinuoua 

tephra. with wavy contact• 
50 mm Dark purpliah black coarae eah and fine lithic 

lapilli; looae; wavy contacta; diatinctive tephra 

20 2. 290 Browniah yellow coarse aah and fine pumice lapilli; diatinct 
contact• 

70 2.360 Dark grey coarae aah and very fine lithic lapilli; distinct 
upper contact 

30 2. 390 Brown very fine pumice lapilli and grey lithic lapilli with 
aome coarae aah matrix; diatinct lower contact 

1 0  2.400 Brown coarse .. h. firm 

60 2.460 Bedded dark purplish black coarse ash and very fine lithic 
lapilli 

40 2.500 Olive coarae aah and very fine lithic and pumice lapllli; 
wavy gradational contacta 

30 2.530 Pale grey coarae ash and dark brown (7.5YR4/41 pumice 
lapilli 

1 70 2.700 Dark brown (7.5YR4/41 and reddiah yellow (7.5YR6/61 very 
fine and fine with fewer medium pumice lapilll; looae, 
gravelly texture; diatinctive colouring 

30 2.730 Grey coarae ash and very fine lithic lapilli 

60 2.790 Strong brown fine pumice lapilli with pale yellow interiora, 
few lithic lapilli, and black coarae ash matrix; veaicular, 

angular, hard pumice; ungraded unit 

50 2. 840 Pale purplish grey medium aandy loam textured medial unit, 
alightly greasy; with aome acattered medium pumice lapilli; 
diatinct contact• 

40 2.880 20 mm Coarse aah 
20 mm Strong brown fine and aome medium pumice 

lapilli and some grey lithic lapilli; very veaicular 
pumice 

70 2.950 Black very fine lithic lapilli and coarse ash; loose, gravelly 
texture; with few fine pumice lapilli; diatinct contacta 

1 0  2.960 Black coarae aah 

1 0  2.970 Pale brown coarse .. h. firm; with scattered yellow fine 
pumice lapilli 

1 0  2.980 Brownieh yellow very fine, angular, platy pumice 
fragments; looee, distinct contacta; atrong colouring 

70 3.050 Black coarse ash 

70 3. 1 20 Dark purplish black coarse aah and very fine and fine lithic, 
scoria end few pumice lapilli 

30 3. 1 50 Olive grey coarse ash 



A 56 

Formation Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

Bullot Formation unnamed 70 3.220 20 mm Black coar1e 111h and lithic lapllll 
(upper) 50 mm Brown medium and fine pumice lapilll and 

coarse uh; with lmogolite on lapilli face•; 
ungraded tephra 

50 3.270 Grey coar1e lithic lapilli and few pumice lapilli 

40 3. 310 Brown coar1e 1andy 111h with few lapilll 

30 3.340 Grey undy 111h with 1cattered lapilli 

1 20 3.460 80 mm Coar1e lithic 111h with fine pale brown pumice lapilll 
40 mm Coar•e a•h with yellow fine and few medium 
pumice lapllli, with olive to light grey interiore, and fine 
lithic lapilli 

Rerewhakaaitu Tephra 1 00  3.560 Olive grey coar1e aah with fine angular lithic lapilll; with 
20 mm pale grey to white fine gl111ay rhyolitic a1h 
(Rerewhakaaitu Tephra), pocketing, Interbedded near ba1e 
of unit 

Bullot Formation unnamed 30 3.590 Medium and fewer coar1e 1trong brown pumice and black 
(middle) lithic lapilli 

30 3.620 Grey loamy coar1e 111h, firm 

?member L7b 60 3.680 Strong brown fine and medium pumice lapilll, with olive 
interior•. few grey angular lithic lapilll, and coar1e 1andy 
aah 

unnamed 20 3.700 Black and olive coar1e loamy textured aeh; aharp upper 

contact 

30 3.730 Yellowi1h brown loamy textured aeh and few lapilli 

member L7 1 50 3.860 20 mm Strong brown very fine, angular, platy pumice 
fragment• 

1 1 0 mm Strong brown (7.5YR5/8) medium and fine 
pumice lapilli, with olive Interior•. and very fine 
angular, platy pumice fragment• and olive 
brown coar1e aeh; moderately 10ft pumice; 
rever1ely graded tephra; 1harp ba1al contact 

20 mm Black-olive coar1e 111h 

Bullot Formation unnamed 40 3.920 Yellowi1h brown ( 1 0YR5/4) coar1e a1h and 1cattered lapilli 
(71ower) 

90 4.0 1 0  Yellowiah brown ( 1 0YR5/41 grading down t o  dark greylah 
brown (2.5Y4/2) coar1e lithic a1h; with fine lithic and 
pumice lapilli; ungraded tephra 

1 40 4. 1 50 1 0 mm Ande1itic pumice lapilli and Interbedded 
reworked Kawakawa Tephra Formation 

70 mm Strong brown (7.5YR5/8) very fine, fine and 
fewer medium pumice lapilli, with 1ame 
coloured interior•. and coar1e a1h; rever•ely 
graded tephra, grading upward to dominantly 
medium lapilli; 

60 mm Dominantly fine, and very fine pumice lapilli, 

firm and 1oft, and coar1e a1h 

Te Heuheu Formation unnamed 80 4.230 Coar•e und and lapilli, with reworked Kawakawa Tephra 
Formation; and 1cattered cobblee and pebble•; fluvial 

depo1it 

reworked Kawakawa 70 4.300 20 mm Pink fine a1h 
Tephra Formation 50 mm Grey fine ash, pocketing; fluvially reworked tephra 

Kawakawa Tephra Oruanul lgnimbrite 340 4.640 Pink fine 111h with very fine and fine pumice lapilli; ma11ive; 
Formation with occasional chalazoidite1; lower 50 mm mottled 

Aokautere Ash 50 4.690 30 mm Salmon-pink fine 111h with many chalazoiditee 
20 mm Laminae of pink and grey fine a1h with many 

chalazoidite1 

85 4.775 1 0 mm Grey coarse cry1tal-rich aah and very fine 
pumice 

30 mm Pale yellow coar1e cry1tal-rich a1h and very fine 

pumice 
3 mm Grey fine 111h 
2 mm Pink fine a1h 

5 mm Grey fine a1h 
25 mm White coar1e a1h; with many bright orange 

mottle1 
1 0  mm Pale yellow coar1e a1h 



Form11tion Member Unit 

Depth 

(mm/ 

Te Heuheu Formation unnamed 1 30  

60 

80 

450 

1 000• 

Cum. 

Depth 

(m/ 

4.905 

A 57 

Description 

40 mm 

50 mm 

20 mm 

20 mm 

Darit grey ( 1 0YR4/1 ) loamy aand; aharp 
contact a 
Yellowiah brown (1 0YR5/4) medium aandy loam 
textured unit; m81aive 
Grey medium aandy loam textured unit, with 
acattered fine lapilli 
Brown medium .. ndy loam textured unit, with 
acattered fine lapilli 

4.965 Coarae aand with fine acattered pumice lapilli and fine 
aubrounded lithic pebblea; ?fluvial depoait 

5.045 Coarae aand with many orange and black lithic pebblea; 
normally graded claata 

5.045 Yellowiah brown (1 0YR5/8) clay matrix with matrix­
aupported medium and coarae heterolithologic lithic 
pebblea, many coloura, aoft, weathered; with • brown firm 
clay band with acattered pebblea at baae; wedging debria 
flow depoait 

6.765 Yellowiah brown (1 0YR5/8) coerae loamy .. nd and granule 
matrix, becoming aandier toward beae; with many matrix­
aupported fine andeaitic pebblea, many coloura, end pale 
yellow fine pumice pebblea; aoft pumice; debria flow 
depoait, with finer claata than overlying depoait 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Form11tion Member 

Mekehiketoe Sends 

Tufe Trig Formation unnamed 

Mekehiketoe Sends 

Tufe Trig Formation unnamed 

Mekehiketoe Sends 

Tufe Trig Formation ?member Tf8 

Mekehiketoe Sends 

Tufe Trig Formation unnamed 

Mekehiketoa Sends 

Tufa Trig Formation unnamed 

Mekehiketoe Sends 

Tufa Trig Formation member Tf5 

Mekahiketoe Sends 

Teupo Pumice Teupo lgnimbrite 

Mengetewei Tephre 

Pepekei Formation 

Weimihie Tephre 

Pepekei Formation 

Pepekei Formation 

Hinemeieie Tephre 

Pepekei Formation & 
Motutere Tephre 

A 58 

Desert Road Section 1 1 [OR 1 1 I 
T20/464092 

A large cutting on the western side of the Desert Road, 

approx. 1 km north of the intersection with Tukino Skifield 

Road (Bullot Track) 

Unit Cum. De•cription 

Depth Depth 

(mm) (m) 

1 70 0. 1 70 Greyish brown fine aendy loam textured unit 

1 5  0. 1 85 Black fine aendy .. h 

1 65 0.350 30 mm Greyish brown fine aendy loam textured bed 
5 mm Grey end pale yellow to white fine und 
1 0  mm Greyish brown fine aendy loam textured bed 
1 0 mm Paler grey fine loamy send textured bed 
1 1 0 mm Brown to black medium sandy loam textured 

unit with interbedded strong brown fibrous bed 

1 0  0.360 Dark grey to black medium aah, pocketing 

65 0.425 50 mm Brown fine undy loam textured unit, gre .. y 
1 5  mm Greyish brown fine sandy loam textured unit 

20 0.445 Dark grey medium ash, with • 5 mm thick pale grey to 
yellow fine aah top 

60 0.505 Greyish brown fine undy loam textured unit 

1 5  0.520 Black fine aendy eah 

1 0  0.530 Fine undy loam textured unit, greasy 

1 0  0.540 Black fine undy eah 

50 0.590 Brownish grey medium loamy send 

70 0.660 Coarse aah and very fine lithic end pumice lepilll 

30 0.690 Brownish grey medium sandy loam textured unit 

720 1 .4 1 0  4 1 0  mm Pink eah and fine lapilli 
3 1 0  mm Grey poorly sorted coarse .. h and lepllll, distinct 

sharp b .. al contact 

430 1 .840 3 1 0  mm Dark brown fine sandy cley loem textured aah, 
greeay, with root channels; Iron-stained upper 
contact; paleoaol 

1 20 mm Bedded black coarse aah end brown aendy loem 
textured eah beds; Iron-stained beael contact 

1 1 0 1 .960 Dark yellowish brown (1 0YR4/41 fine sandy loem textured 
eah, very greasy; with reddish brown mottlea end brown 
coated root channels 

60 2.01 0 Pele brown fine eah 'cream cekea'. up to 60 mm depth, 
with intermixed brown fine endeaitic eah 

30 2.040 Derk yellowish brown ( 1 0YR4/41 fine sandy loem textured 
eah, greeay; with root chennela; peleoaol 

380 2.420 80 mm Grey bedded send; discontinuous, wedging unit 

240 mm Brown endeaitic eah, with Interspersed 
reworked rhyolitlc tephra and grey send leminee 

60 mm Bedded white clay, greasy, and grey eah; 
discontinuous unit with aherp contacts; fluvlel 
deposita 

1 50 2.670 Pale grey (gleyedl coarse aendy clay textured .. h. very 
greasy; with strong brown coated root channels; Indistinct 

beaal contact 

70 2.640 White coarse pumiceoua eah interspersed within dark 
yellowish brown (1 0YR4/41 fine aendy loam textured 
Papekel Formation 

1 70 2.81 0 Dark yellowish brown ( 1 OYR4/41 fine sandy clay textured 
uh. very greasy; cracked exterior; with many black and 
brown coated root channels end common scattered very 
fine lithic end pumice lepilli; scattered white very fine 
rhyolitic pumice (Motutere Tephrel near base; Iron-stained 
lower contact 



A 59 

Formation Member Unit Cum. Description 

Depth Depth 

(mm} (m} 

1 640 4.450 Bedded orange and black, fine, coaree, and very coarse 
sand, and yellowish brown (1 0YR5/6) and brownish yellow 
( 1 OYR6/8) fine rounded pumice pebbles and very dertc grey 
(5Y3/1 ) andesitic pebbles; beds < 1 00  mm; some cross 
beds 

Papakai Formation 90 4.540 Medium sandy loam textured .. h. greasy, firm; with 
common root channels; distinct contacts 

?reworked Mangamate 70 4.61 0 60 mm Fine lapilli and coarse aah; normally graded 
Tephra 1 0  mm Grey coaree .. h. firm 

70 4.660 Fine lapilli and coarse aah; ungraded 

Mangamate Tephra ?Poutu Lapilli 200 4.860 1 50 mm Yellowish brown ( 1 0YR5/8) dominantly fine 

pumice lapilli, with olive brown (2.5Y4/4) 
interiors, and very dark grey (5Y3/ 1 )  angular 
andeaitic lapilll; alight normal grading; Iron-
stained basal lapilli 

50 4.930 Very dark grey (5Y3/1 I fine uh 

Wharepu Tephra 540 5.470 500 mm Olive brown (2.5Y4/4), very dark grey (5Y3/1 I 
and minor yellowish brown ( 1 0YR5/8) fine lithic 
and pumice lapilli over bedded medium and fine 
loose angular lapilli and very coarse uh with 
common fine rounded lapllll; bed thicknesses 
Ieee than 1 00  mm 

40 mm Strong brown (7.5YR5/6), and minor very dark 
grey (5Y3/ 1 )  fine lapilll and aah 

1 0  5.460 Yellowish brown (1 0YR5/6) fine sandy loam; firm 

Poronui Tephra 3 5.483 White pocketing rhyolitic uh 

Mangamate Tephra ?Ohinepango Tephra 20 5.503 Black coarse to fine aah 

Waihohonu Lapilli 2 1 0  5.71 3  Bedded, very dark grey (5Y3/ 1 ), olive brown (2.5Y4/4) and 
some atrong brown (7.5YR5/6) fine lithic and pumice lapilli 
and coarae uh; looae, angular lapilli; bed a < 1 00  mm; 
Sharp upper contact 

unnamed tephra 40 5.753 Black coarae undy aah and fine lapllll, over 
Brown fine aah and lapilli, over 
Black aah and fine lapilli; diatinct contacts 

Oturere Lapilli 1 80  5.933 Very dark grey (5Y3/ 1 ), strong brown (7.5YR5/6) and olive 
brown (2.5Y4/4) dominantly medium and fine lithic and 
few pumice lapilli; weakly bedded tephra; coarser grain size 
than overlying Mangamate Tephra; sharp distinct lower 
boundary 

1 00  6.033 Yellowiah brown ( 1 0YR5/6) fine undy loam textured aah, 
greaay; with acattered fine and very fine lapilli; Indistinct 
contacta 

Pahoka Tephra 50 6.083 Dark grey (5Y4/1 ) fine pumiceoua lapilli and very fine, 
angular, piety pumiceoua fragments; discontinuous tephra 

Bullot Formation unnamed 70 6. 1 53 Yellowiah brown (1 0YR5/6) coarse loamy sand textured 
(upper) aah with some fine lapilli 

Pourahu Member 1 1 0 6.263 Pale yellow coarse pumice lapilli, few dark grey coarse 

[tephra unit) lithic lapilli, and coarae .. h; very vesicular pumice lapilll and 
angular lithic lapilli; ungraded tephra 

unnamed 50 6.31 3 Dark grey medium and fine lithic and pumice lapllll, and 
yellow very fine angular, platy pumice fragments 

30 6. 343 Yellowiah brown ( 1  OYR5/6) very fine angular, piety pumice 
fragments, soft 

50 6.393 Yellowiah brown and grey very coarse lithic and pumiceous 

aah 

20 6.41 3 Yellowiah brown fine to medium pumice lapilli and coarse 
••h 

40 6.453 Black 15Y2/ 1 1  coarse aah; distinct contacts 

50 6.503 Yellowish brown (1 0YR5/61 fine and medium pumice lapilli, 
and grey lithic lapilli; with a fine sandy loam textured aah 

matrix 

50 6.553 Yellowiah brown and grey coarse aah, firm, prominent; 
with some lithic and pumice lapilli 



A 60 

For17l1Jtion Member Unit Cum. Description 

Depth Depth 

(mm} (mJ 

Bullot Formation unnamed 66 6.608 1 0 mm Yellowish brown very fine angular, piety pumice 
(upper) fragments 

45 mm Fine lithic and rounded pumice lapilli and coarse 
.. h 

1 00  6.708 Yellowish brown fine to medium pumice lapilll and few grey 
lithic lapilli; with loamy textured ash metrix; ungraded 
tephra 

1 0  6.7 1 8  Yellowish grey coarae lithic and pumlceous . .  h. firm 

60 6.768 Black (5Y2/1 I fine and very fine lithic lapilli with coerse ash 
matrix 

70 6.838 Strong brown (7.5YR6/6) fine to medium lithic lapllll; with 
coarse .. h base 

M, 26 6.863 1 0 mm Brown and grey bedded coarse and fine .. h 
1 0 mm Yellowish brown coarH pumlceous ash with 

central laminae of yellow pumice lapilli 
5 mm Yellow coarse pumlceous ash with few 

scattered yellow fine and very fine pumice 
lapilli, firm lapilli 

unnamed 20 6.883 Black coarae ash and fine lithic lapilll, and grey rounded 
pumice lapilli 

46 6.928 Greyish brown coarse lithic and pumlceous ash with fine 
lithic and pumice lapilli 

60 6.988 Black fine lithic lapilli and coarse ash; reverse graded 
tephra; sharp contacts 

30 7.0 1 8  Light yellowish brown (2.5Y6/4) very fine angular, piety 
pumice fragments, and scattered light yellowish brown 
fine-medium pumice lapilli; distinctive tephra 

40 7.068 Black coarse lithic ash with very fine lithic lapilli at top 

member l 1 7  1 50 7. 208 Yellowish brown ( 1 OYR6/4) coarae pumice lapilli, with olive 
(5Y6/31 interiora, and grey coarse andesitlc lapilli; normally 
graded tephra, with a finer 60 mm top 

unnamed 30 7. 238 Yellowish brown very fine angular, piety pumice fragments, 
and fine pumice lapilli 

60 7. 288 Yellowish brown fine to medium pumice lapilll, and grey, 
and few red lithic lapilli 

80 7.368 Olive coarae lithic ash 

60 7.428 Black very coarse ash 

member l1 6 1 60  7.588 Strong brown (7. 5YR5/6) medium to fine pumice lapilli, 
with light olive brown (2.5Y5/4) interiors, and grey fine 

lithic lapilli 

unnamed 30 7.61 8 Grey coarse ash with some medium pumice lapilli 

1 0  7.628 Brownish yellow, fine loamy 18nd textured ash 

30 7.658 Black coarse ash with scattered fine lithic lapilli 

20 7.678 Strong brown very fine angular, piety pumice fragments, 
and fine pumice lapilli 

1 0  7.688 Black coarse ash 

50 7.738 20 mm fine pumice and lithic lapilli with black ash matrix; 
distinctive 
30 mm Black to very dark grey coarse ash with fine lithic 
and pumice lapilli 

30 7.768 Black to purplish black coarse ash, well sorted 

50 7.81 8 Grey coarse ash 

member l 1 5  1 30 7.948 30 mm Strong brown (7.5YR5/8) fine pumice lapilli, 
with 18me coloured interiors, grey and few red 
lithic lapilli, and minor coarse loamy textured 
ash 

1 00  mm As above, with very little ash matrix; looM lapilli 

unnamed 5 7.953 Grey fine ash, firm, with few soft weathered grey lithic 
lapilli 

60 8.01 3 Grey ash, firm, with fine lithic lapilli 

member l 1 4  70 8.083 Strong brown fine pumice lapilli and grey 18ndy ash matrix, 

indistinct unit 

unnamed 20 8. 1 03 Medium and fine pumice lapilli; ungraded tephra 



Formation 

Bullot Formation 
(upperl 

Member 

unnamed 

Unit 

Depth 

(mm) 

46 

30 

60 

50 

30 

1 0  

30 

70 

40 

80 

40 

250 

Cum. 

Depth 

(m) 

8. 1 48 

8. 1 78 

8.228 

A 6 1  

Description 

Black end dark purplish black lithic ash end very fine black 
(5Y2/0I lithic lepilli 

Grey over yellowish brown coarse .. h 

Yellowish brown ( 1 0YR6/41 very fine angular, piety pumice 
fragments, end scattered yellowish brown fine pumice 
lepilli 

8.278 40 mm Black to purplish black, coarse end very coarse 

8.308 

8.31 8 

8.348 

8.41 8 

8.458 

8.538 

8.578 

8.578 

.. h end very fine black lithic lepilli 
1 0 mm Purplish coarse uh 

Greyish brown, coarse .. h end very fine lithic end pumice 
lepilli 

Black, coarse .. h 

Yellowish brown dominantly fine pumice lepilli, few lithic 
lepilli, end matrix of very fine yellowish brown angular, 
piety pumice fragments; angular lepllli 

Yellowish brown, coarse .. h 

Grey coarse uh with scattered bright yellowish brown 
medium pumice lepilli 

Undescribed lepilli end esh beds 

Bright yellowish brown very fine angular, piety pumice 
fragments, end scattered pumice lepilli 

Undeacribed centimetre-bedded lepilli end .. h beds to road 
level 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Formation Member 

Taupo Pumice Taupo lgnimbrite 

Mangatawai Tephra & 
Papakai Formation & 
Waimihia Tephra 

Hinemaiaia Tephra 

Papakai Formation & 
Motutere Tephra 

reworked Mangamate 
Tephra 

Mangamate Tephra Poutu Lapilli 

Wharepu Tephra 

Poronui Tephra 

Mangamate Tephra Ohinepango Tephra 

Waihohonu Lapilli 

unnamed tephra 

Oturere Lapilli 

Pahoka Tephra 

Bullot Formation unnamed 
(upper) 

Pourahu Member 
[tephra unit) 

unnamed 

M, 

A 62 

Desert Road Section 1 2  [DR 1 2) 

T20/45 8 1 1 9  

A cutting on the west side of the Desert Road, adjacent to 

Wharepu Stream 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

600 0.600 Pale grey poorly sorted ash and fine lapllli, with charcoal; 
sharp wavy lower boundary 

1 30  0.730 Dark brown sandy clay loam textured ash and very dark 
grey ash beds; irregular wavy lower contacts (Mangatawai 
Tephral over 
Gleyed grey sandy clay loam textured ash with iron-stained 
root channels; paleosol (Papakai Formationl. and 
interbedded pale brown fine ash 'cream cakes' (Waimihia 
Tephra); indistinct lower contact 

90 0.820 White coarse pumiceous ash interspersed in grey (gleyed) 
Papakai Formation; indistinct contact• 

360 1 . 1 80 Grey (gleyed) sandy clay loam textured aah, with root 
channela, and interaperaed white to pale grey very fine and 
fine pumice fragment• (Motutere Tephra); prominent unit; 
sharp smooth basal contact 

1 80 1 .360 Brown and grey very fine angular, platy lithic and some 
pumice fragmenta; weakly cemented; distinctive fine 
grained unit; sharp contacts 

50 1 .4 1 0  Dark greyish brown (2.5Y4/2) and iron-atained strong 
brown dominantly fine lithic lapilli, and few atrong brown 
pumice lapilli; angular, loose lapilli; ungraded tephra; 
cemented at surface of outcrop; wavy distinct lower 
contact 

540 1 .950 Dark greyish brown dominantly fine lithic lapilli, and 
common brown lithic and pumice lapllli; angular, aharp, 
loose lapilli; base of unit ia bedded, with a prominent strong 
brown lapilli base; sharp smooth contacts 

5 1 . 955 White very fine ash, pocketing 

40 1 .995 Colour-banded tephra comprising thin alternating beda of 
black lithic dominant, and strong brown pumice dominant 
coarse ash; sharp contacts 

220 2. 2 1 5  Grey and strong brown dominantly fine lithic lapilli, and few 
pumice lapilli; angular, aharp, loose lapilli; becoming bedded 
toward base; with two strong brown, diatinctive, pumice 
dominant beds near base of unit; sharp distinct contacts 

1 20 2. 335 Thin andesitic ash and lapilli beds; prominent; distinct 
contacts 

330 2.665 Dark greyish brown and very dark grey dominantly fine and 
common medium lithic, and some pumice lapilli; angular, 
sharp, loose lapilli; weakly bedded tephra; distinct wavy 
lower contact 

240 2.905 Greyish brown sandy clay loam textured andesitic aah, 
greasy, with scattered fine lapilli; indistinct lower contact 

95 3.000 Dark grey fine pumiceous lapilli, and very fine angular, 
platy pumiceous fragments; soft, angular lapilli; 
discontinuous tephra; indistinct irregular contacts 

290 3.290 Greyish brown sandy loam textured ash and fine lapilli 

1 20 3.4 1 0  Bedded pale yellow to white dominantly medium lapilli, 
with common coarse lapilli, aeparated by 1 0  mm black 
coarae ash; upper bed ungraded, dominantly medium lapilli; 
lower bed dominantly medium lapilli and normally graded, 
grading upwards to a coarse ash top; distinct contacts 

1 30 3.540 Andesitic ash and scattered lapilli 

1 50 3.690 Fine, and few medium pumice and lithic lapilli, and coarae 
ash; normally graded 

20 3.7 1 0  Grey ash, firm, over yellow aah, firm, with acattered fine 
lapilli 



A 63 

Form11tion Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

Bullot Formation ?member L1 8 1 30  3.840 Dominantly medium, and fine pumice and lithic lapllll, with 
(upper) a distinctive black coarse uh top 

unnamed 60 3.900 Black coarse ash 

20 3.920 Strong brown very fine angular, platy pumice fragments, 
and fine pumice lapilli 

30 3.950 Black coarse ash 

40 3.990 Fine and medium, and few coarse pumice and fewer lithic 
lapilli; ungraded tephra 

?member L1 7 2 1 0  4.200 Dominantly medium, fine and few coarse pumice and lithic 
lapilli, with a 20 mm dark grey coarse .. h and lapilli top; 
sharp contacts 

unnamed 40 4. 240 Grey .. h 

20 4.260 Yellowish brown fine undy loam textured ash 

20 4.280 Dark grey coarse ash 

30 4.310 Fine pumice and lithic lapilli, with a 1 0 mm firm black 
coarse ash base 

40 4.350 Dark grey coarse ash 

?member L 1 6  1 60  4.51 0 Strong brown medium and coarse pumice lapilli and black 
lithic lapilli; ungraded; distinctive tephra 

reworked Buiiot 1 000• 5.5 1 0  Centimetre- and millimetre-bedded orange and black tephric 
Formation tephras unds 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Form��tion Member 

Ngauruhoe Formation 

Tufa Trig Formation member Tf5 

Taupo Pumice Taupo lgnimbrite 

Mangatawai Tephra 

Papakai Formation 

Waimihia Tephra 

Papakai Formation 

Hinemaiaia Tephra 

Papakai Formation 

Motutere Tephra 

Papakai Formation 

Mangamate Tephra Poutu Lapilli 

A 64 

Desert Road Section 1 5  [DR 1 5) 

T20/462 1 35 

A large cutting on the eastern side of the Desert Road, 

immediately south of a crossing over a tributary of Te Piripiri 

Stream 

Unit Cum. Deacription 

Depth Depth 

(mm) (m) 

1 60  0. 1 60  Dark brown aandy loam textured unit; with a n  lron-atained 
baul contact 

1 0  0. 1 70 Black coarae aah 

30 0.200 Dark brown aandy loam textured aah; paleoaol developed in 
Taupo lgnimbrite 

520 0.720 White poorly aorted coarae aah and lapilli; average depth 
260 mm 

470 1 . 1 90 250 mm Very dark greyiah brown 12.5Y3/2J fine aandy 
loam textured aah, greaay, with two 
interbedded black medium aah beda; with dark 
brown coated root channela; paleoaol 

220 mm Alternately bedded black coarae aah and greyiah 
brown 12.5Y3/2) greaay fine aandy loam 
textured aah bed• 

1 60 1 .370 Dark yellowish brown 11 OYR4/4) coarae undy loam 
textured ash, greaay; with diatinct root channela, and 
occaaional acattered lapilli 

20 1 .390 Pale brown to white fine aah 'cream cake a', and 
intermixed brown fine andealtic aah; diatinct tephra 

270 1 .660 Dark yellowiah brown 1 1 0YR4/4J medium aandy clay loam 
textured aah, very greaay, with many diatinct dark brown 
coated root channela; indiatinct contact• 

90 1 .750 Olive yellow 12.5Y6/6) and white coarae pumiceoua aah 
disperaed throughout dark yellowiah brown 1 1 0YR4/4) 
greasy undy clay loam textured Papakai Formation; 
indistinct boundaries 

4 1 0  2. 1 60  Dark yellowiah brown ( 1 0YR4/41 and dark brown 
17.5YR4/41 aandy clay loam textured aah, very greaay, with 
moderately well developed nut atructure, and cracked 
exterior; with many acattered bluiah grey lithic lapilli 
interbedded neara base; diatinct dark coated root channela; 
paleoaol 

25 2. 1 65 Pale pinkiah brown coarae and fine aah 'cream cake a', 
grading laterally to acattered fine pumice fragmenta; 
indistinct lower contact 

270 2.455 Dark yellowish brown 1 1 0YR4/41 and dark brown 
17.5YR4/41 aandy clay loam, very greaay, with cracked 
exterior; aome interbedded white pumice fragmenta; dark 
greyish brown coated root channel•; paleoaol 

330 2.765 320 mm Strong brown 17.5YR5/61 iron-atained 
dominantly fine, and very fine lapilli, with dark 
greyish brown 12.5Y4/21 and atrong brown 
17. 5YR5/6) interiora; firm, angular, non- and 
poorly veaicular lapilli; lithic lapilli dominant; 
weakly cemented at aurface of outcrop; 
normally graded tephra 

1 0  2.795 Black coarse aah, firm; aharp diatinct baaal contact 



A 65 

Formt1tion M�mb�r Unit Cum. Description 

Depth Depth 

(mm) (m) 

Mangamate Tephra Wharepu Tephra 770 3.565 480 mm Grey and strong brown (7.5YR5/61 non· and 
poorly veaicular lapilli; loose, angular lapilli; 
normally graded bed, grading upwards from fine 
and medium lapilli ( < 20 mml to fine lapilli 
( < 1 0 mm) and very fine lapilll; coarsest of the 
three beds; sharp grain size contrast at contact 
with overlying Poutu Lapilli 

2 1 0  mm Olive, and strong brown non- and poorly 
vesicular lapilli; normally graded bed, grading 

upwards from fine and very fine lapilli to granule 
dominant top 80 mm 

2 mm Brown fine ash, firm, dlatlnct; sharp contacts 
1 1 0 mm Strong brown (7.5YR6/61 non- and poorly 

vesicular lapilll, weakly cemented at surface of 
outcrop; reversely graded bed, grading upwards 
from very fine and fine lapllll to dominantly fine 
lapilli 

30 mm Brown fine silty textured aah with some 
scattered lapilli; sharp basal contact 

Poronui T ephra 1 5  3.580 White fine rhyolitlc ash, pocketing, discontinuous In 
outcrop 

Mangamate Tephra Ohinepango Tephra 390 3.970 Colour-banded tephra comprising alternating 30 mm beds 
of strong brown (7.5YR5/81 very fine pumice lapilli and 
coarse ash dominant beda, and black (2.5Y2/0I very fine 
lithic lapilli dominant and coarse 81h beds; sharp contacts 

Waihohonu Lapilli 340 4.31 0 1 1 0 mm Grey and strong brown lapllli; reversely graded 

bed, grading upwards from dominantly fine to 
dominantly medium lapilll; loose, with 6 mm fine 
uh base 

1 30 mm Dominantly fine grading upwards to dominantly 
medium lapilli; reversely graded bed 

1 00  mm Well sorted very fine lapilli dominant bed; with 
two distinct 20 mm thick strong brown 
(7.5YR5/81 pumice dominant bed1 near baee 

20 mm Black lithic-rich coarse 11h and very fine lapilli 

unnamed tephra 1 80  4.490 20 mm Greyish brown very fine lapllll and minor coaree 
ash contact; 

1 0 mm Grey coaree aeh 
20 mm Black coaree ash, well sorted; with occ11ional 

lithic lapilll 
60 mm Alternating 1 0 - 1 5  mm bed a of fine and very 

fine lithic dominant lapilll and aeh 
1 0  mm Brown greaay coaree sandy loam textured aeh 

60 mm Dark grey (2.5Y4/0I coaree aah 

Oturere Lapilli 390 4.880 Very dark grey (5Y3/ 1 1  and very dark greyish brown 
(2.5Y3/2) fine lithic lapilli, and minor light yellowieh brown 
(2.5Y6/41 fine pumice lapilli; angular, looee lithic and 
pumice lapilli; weakly bedded unit with coarser central 
60 mm comprising dominantly medium lapilli 

2 1 0  5.090 70 mm Light grey (2.5Y7/0 to 2.5Y7/21 gleyed greaey 
sandy clay textured aeh, eticky; with ecattered 
fine and very fine pumice lapilll; with yellowish 
red iron-atained lower contact 

30 mm Strong brown very fine pumice lapilll and black 
very fine lithic lapilli; compacted 

70 mm Alternating bed a of gre81y coaree 11ndy clay 
loam textured 11h, and very fine lithic and 

pumice lapilli; etrong lron-etained lower contact 
40 mm Olive sandy clay textured 81h, sticky; with 

ecattered fine brown pumice lapilli; iron-stained 
baul contact. 

Pahoka Tephra 1 90 5.280 1 70 mm Grey (2.5Y5/0 to 2.5Y6/0) and pale yellow 
colour-banded fine and very fine pumiceoue 
lapilli, with very fine angular, platy pumiceoue 

fragments concentrated In top 70 mm; normally 
graded lapilli unit; 

20 mm Pale yellow pumiceoue and black coaree lithic 
aah 



Formation 

Bullot Formation 
(upper) 

Member 

unnamed 

Pourahu Member 
[tephra unit) 

Unit 

Depth 

(mm} 

1 90 

Cum. Description 

Depth 

(m} 

5.470 90 mm Very fine pumice and lithic lapilll in brown 
coarse ash 

A 66 

1 00  mm Dark yellowish brown (1 0YA4/4) greuy, 1ticky 
sandy clay textured ath 

5.630 Pale brown (1 0YA6/3) and yellowi1h brown (1 0YA5/6) very 
fine and fine pumice and lithic lapilli and coarae aah 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Formt�tion Member 

Taupo Pumice Taupo lgnimbrite 

Mangatawai Tephra 

Papakai Formation 

Waimihia Tephra 

Papakai Formation 

Hinemaiaia Tephra 

Papakai Formation 

Motutere Tephra 

Papakai Formation 

Mangamate Tephra Poutu Lapilli 

Wharepu Tephra 

Poronui Tephra 

Mangamate Tephra Ohinepango Tephra 

A 67 

Desert Road Section 1 6 [DR 1 6) 

T20/4 8 1  1 86 

On the eastern side of the Desert Road, approx. 0.2 km 

south of a turn off to Waihohonu substation 

Unit Cum. Deacription 

Depth Depth 

(mm) (m) 

600 0.600 White. poorly sorted coarae aah and pumice lapilli, with 
aharp wavy contact• 

6 1 0  1 . 2 1 0  1 90 mm Dark brown fine aandy loam to aandy clay loam 
textured aah, greaay; diatinct contacta; paleoaol 

420 mm Bedded black to dark purpliah grey coarae aandy 
aah bed a, diacontinuoua, with abundant yellow 
beech leavea; with dark yellowiah brown 
(1 OYR4/41 greasy sandy loam textured aah 
interbeda 

90 1 .300 Dark yellowish brown medium aandy loam textured aah, 
greasy, with some dark brown coated root channela; 
paleoaol 

20 1 . 320 White coarse ash, and fine ash 'cream cakea' interbedded 
within dark yellowiah brown greaay aandy loam textured 
Papakai Formation 

1 80  1 .500 Dark greyish brown (1 0YR4/21 medium aandy loam 
textured ash, with distinct black coated root channela; 
indistinct lower contact; paleoaol 

1 1 0 1 .6 1 0  Yellowish brown ( 1 OYR5/81 coarae pumiceoua ash 
diaperaed within dark yellowiah brown (1 0YR4/41 undy 
loam textured Papakai Formation 

4 1 8  2.028 Dark yellowish brown (1 0YR4/41 alightly greaay fine aandy 
clay loam textured aah, with diatinctive aurface cracking 
and many bluish grey to dark grey (5Y4/ 1 1  and dark brown 
(7. 5YR4/41 iron-atained fine lithic lapilli; paleoaol 

50 2.078 Pinkiah brown fine and coarse aah 'cream cakea', firm, 
distinct, and acattered very fine pumice fragmenta; 
interbedded within dark yellowiah brown aandy clay loam 
textured Papakai Formation 

1 20 2. 1 98 Dark yellowish brown ( 1 OYR4/41 fine- aandy clay loam 
textured aah, alightly greaay, with diatinctive surface 
cracking and many bluiah grey and brown fine lithic lapilli 
disperaed throughout unit; with many brown coated root 

channels; paleoaol 

500 2.698 Dark grey (5Y4/ 1 1, olive grey (5Y4/21 and dark brown 
(7.5YR4/41 iron-atained fine lithic lapilli, and few orange 
iron-stained fine pumice lapilli; moderately well aorted; 
normally graded from a fine to medium lapilli baae to a fine 
and very fine ( < 4  mml lapilli top; Top 40 mm compriaea 
very fine angular, platy lapilli; unit ia weakly cemented by 

iron oxide; upper contact with Papakai Formation ia marked 
by a diacrete discontinuoua line of andeaitic pebble• 

1 0  2.708 Dark grey medium to fine aandy aah 

200 2.908 Bedded grey fine and very fine lapilli 
Upper bed: dark greyiah brown (2.5Y4/21 and olive brown 
(2.5Y4/41 lithic and few yellowiah brown pumice lapilli, 

normally graded from a fine lapilli baae to a very fine lapilli 
and coarae ash top 
Lower bed: olive (5Y4/41. dark greyiah brown (2.5Y4/21 
and iron-atained yellowiah brown (1 0YR5/81 lithic and few 
pumice lapilli, reverae grading from a coarae aah and very 
fine lapilli base to a fine lapilll top 

20 2.928 Olive brown (2.5Y4/41 ailty textured aah 

5 2.933 Light yellowish brown (2.5Y6/41 fine aah 

1 00  3.033 Bedded black (lithic-rich) and atrong brown (pumiceoua-
richl coarse ash beda; well aorted; aharp amooth bed 
contacts 



A 68 

Fori'TIIItion Member Unit Cum. Description 

Depth Depth 

(mm} (m} 

Mangamate Tephra Waihohonu Lapilli 1 1 80  4. 2 1 3  355 mm Weakly bedded dominantly very fine lithic lapilli; 
moderately well sorted 

5 mm Dark brown ( 1 0YR4/3) fine silty textured ash 

820 mm Weakly bedded very dark grey (5Y3/2) and 
black (5Y2/1 l lithic, and light yellowish brown 
(2.5Y6/4) pumice lapilli; with a dietinctive light 
yellowish brown pumice dominant bed in lower 
half of unit 

unnamed tephra 1 25 4.338 5 mm Dark brown ( 1 0YR4/3) fine ash 
30 mm Black well sorted coarse .. h 
50 mm Fine pumice and lithic lapilli In brown loamy 

textured .. h 
40 mm Grey coarse loamy textured ash with very fine 

lithic lapilli 

Oturere Lapilli 495 4.833 Very dark grey (5Y3/ 1 )  and black (2.5Y2/0) angular lithic 
lapilli, with few iron-stained pumice lapilll, poorty vesicular; 
weak normal grading from a medium and fine lapilll base to 
a dominantly fine lapilli top; sharp b .. al contact 

330 5. 1 63 1 40 mm Light yellowish brown (2.5Y6/4) to light olive 
brown (2.5Y5/4) coarse pumiceous and lithic 
.. h; indistinct lower contact 

60 mm Coarse loamy textured ash 
50 mm Orange and grey coarse .. h and fine lapilli 
80 mm Light olive brown (2.5Y5/4) to olive brown 

(2.5Y4/4) coaroe undy clay loam textured aoh, 
sticky; distinct basal contact 

Pahoka Tephra 340 5.503 Bedded very dark grey (5Y3/1 ), olive grey (5Y4/2), pale 
olive (5Y6/3) and colour-banded grey and pale olive angular 
lithic and pumiceous lapilli 
Upper bed: dominantly fine, and medium lapilli, with colour-
banded lapilli dominant 
Middle bed: fine and some medium lapilli, with colour-
banded lapilli dominant and pale olive lapilli 
Lower bed: dominantly pale olive lapllli (5Y6/3) with light 
olive grey (5Y6/2) interiors and very dark grey fine and 
medium lapilli 

8ullot Formation unnamed 1 0  5.5 1 3  Dark greyish brown (1 0YR4/2) coarse oandy clay textured 
(upper) ash, very greasy 

70 5.583 Yellowish brown ( 1 0YR5/6) lapilli-rich loamy textured ash 

50 5.633 Black fine lithic lapilli and coarse ash, with olive (5Y5/3) 
very fine pumice lapilli 

70 5.703 Dark brown ( 1 OYR4/3) coarse sandy clay textured ash, 
sticky, gre .. y, with many fine lapilli 

40 5.743 Brownish yellow (1 0YR6/6) fine lapilli and coarse ash with 

loamy ash textured matrix 

Pourahu Member 220 5.963 Light yellowioh brown (2.5Y6/4) and light olive brown 
[tephra member] (2.5Y5/4) medium and fine, subangular pumice lapilli, with 

pale olive (5Y6/3) and light grey (2.5Y7/2) Interiors; soft 
pumice lapilli; weak normal grading with sharp wavy baul 
contact 

Tangatu Formation unnamed 420 6.383 Andesitic diamicton; grey poorty sorted coarse sand and 
granule matrix, with matrix-supported fine, coarse and very 
coarse heterolithologic red, grey and black andesitic 
pebbles and boulders; debrio flow depooit 

Bullot Formation unnamed 1 1 0 6.493 50 mm Grey and otrong brown iron-otained very gre .. y 
(upper) coarse sandy clay textured aoh, 1ticky; with 

root channels 
60 mm Grey coarse sandy clay textured ash with many 

grey (2.5Y6/0) fine pumice lapilli; sharp basal 
contact 

Tangatu Formation unnamed 50 6.543 Lithified grey pebbly sand; hyperconcentrated flood flow 
deposit 

Bullot Formation unnamed 80 6.623 Very greasy sandy clay loam textured ash with interbed of 
(upper) coaroe pumiceous and lithic aoh 



Formation 

Tangatu Formation 

Bullot Formation 
(upper) 

Member 

unnamed 

unnamed 

Unit 

Depth 

(mm) 

380 

40 

90 

40• 

Cum. 

Depth 

(m) 

7.003 

7.043 

7. 1 33 

7. 1 73 

A 69 

Description 

Grey aand and granule matrix with matrix-eupported 
dominantly fine heterolithologic red, purplieh red and grey 
fine to very coaree andeeitic pebblee; debrie flow depoeit 

Olive coaree greaey aandy clay 

light olive grey (5Y6/2) to pale olive (5Y6/3) fine and few 
medium pumice lapilli, with • greyieh brown (2.5Y5/2) 
aandy clay textured matrix 

Brown greaey coaree eandy clay 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Form11tion 

Ngauruhoe Formation 
& Taupo Pumice 
& Mangatawai Tephra 

Papakai Formation 

Hinemaiaia Tephra 

Papakai Formation 

Motutere Tephra 

Papakai Formation 

Mangamate Tephra 

Member 

Poutu Lapilli 

A 70 

Desert Road Section 1 7  [DR 1 71 

T 1 9/482 1  99 

A cutting on the east side of the Desert Road, and on the 

south side of an unnamed tributary of Pangarara Stream; 

description is for tephras older than Mangatawai Tephra 

Unit 

Depth 

(mm) 

4 1 0  

1 1 0 

320 

60 

1 20 

500 

Cum. Detscription 

Depth 

(m) 

0.000 Tephraa over1ying Papakai Formation 

0.41 0 Greyiah brown aandy clay loam textured aah, greaay; with 
cracked exterior and dark brown coated root channela; 
with moderately well developed fine blocky atructure; 
interbedded at 220 - 250 mm from top ia a pocketing black 
coarae aandy ash; Contact with over1ying Mangatawai 
Tephra is distinct and wavy; baaal contact la indistinct; 
paleoaol 

0.520 Yellow and white coarse pumiceoua ash interaperaed in 
yellowiah brown aandy clay loam textured ash; lndiatinct 
contact a 

0. 840 Dark brown aandy clay loam textured aah, with cracked 
exterior, and blocky structure; with acattered very fine and 
fine lapilli; discontinuoua lower contact 

0.900 Pale pinkiah brown fine and coarse ash 'cream cakea', 
and common white fine pumice fragmenta; firm, almoat 
continuoua aah 

1 .020 Dark brown to reddiah brown clay loam textured aah, 
greaay; with cracked exterior and common root channela; 
with many intersperaed bluiah grey and brown fine lepilli 
(reworked Poutu Lapilli); coarae andeaitic pebblea occur at 
lower contact 

1 .520 Strong brown and very dark grey dominantly fine lapilli; 
angular; cemented at aurface of outcrop 

on: Wharepu Tephra (1 20 mm), Ohinepango Tephra 
( 1 20 mm) and Waihohonu Lapilli ( 1 050 mm); older tephras 
not expoaed 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Form11tion 

Makahikatoa Sands 

Tufa Trig Formation 

Makahikatoa Sands 

Tufa Trig Formation 

Makahikatoa Sanda 

Tufa Trig Formation 

Makahikatoa Sands 

Tufa Trig Formation 

Makahikatoa Sands 

Tufa Trig Formation 

Makahikatoa Sands 

Tufa Trig Fonnation 

Taupo Pumice 

Mangatawai Tephra & 
Mapara Tephra 

Papakai Formation 

Waimihia Tephra 

Papakai Fonnation 

?reworked Mangamate 
Tephra 

Member 

unnamed 

member Tf8 

member Tf6 

member Tf5 

member Tf4 

member Tf2 

Taupo lgnimbrite 

black aah-2 

black ash-1 

A 7 1  

Doubtful Road [OF) 

T20/376036 

A cutting on Doubtful Road (southern exposure), at the crest 

of a large hi l l ,  overlooking Main Road to the east (northern 

Karioi Forest) 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

1 00  0. 1 00  Dark grey aand and overlying diaturbed aoil aurface 

40 0. 1 40 Dark grey medium aah, with pale grey fine aah top end 
baae; pocketing tephra 

1 0  0. 1 50 Grey medium aand 

50 0.200 Dark grey medium to coarae 81h, with fine and very fine 
olive pumice lapilli at baae, with an underlying 1 0 mm 
black fine aah 

60 0.260 Greyiah brown loamy aand textured unit, with interbedded 
aand laminae 

40 0.300 Dark grey coarae ash and very fine lapilli, with a 20 mm 
fine grey ash base 

80 0.380 Brown medium aandy loam textured unit, greaay, with few 
fine reworked Taupo Pumice lapilli; paleoaol 

60 0.440 Black coarae ash and very fine lapilli, with fine grey aah 
baae and aome very fine olive pumice lapilli; diatinctive 

tephra 

50 0.490 Browniah grey medium aandy loam to sandy clay loam 
textured unit; with reworked white Taupo pumice lapilli; 
and reddiah brown organic matter; paleoaol 

50 0.540 Dark grey medium aah with greyish brown slightly finer 
top; diacontinuoua tephra 

200 0.740 Brown medium aandy clay loam textured unit, gre .. y; with 
acattered reworked taupo Pumice lapilli; paleoaol 

40 0.780 Discrete line of medium and fine lapilli 

80 0.860 Dark yellowiah brown fine aandy clay loam textured unit; 
paleoaol developed in Taupo lgnimbrite 

370 1 .230 White poorly aorted aah and fine pumice lapilli; diatinct 

sharp contacts 

2 1 0  1 .440 Dark yellowiah brown fine aandy loam textured 81h, 
greaay; with root channela; paleoaol; with interbedded 
white firm aah 'cream cakea' lMapara Tephra) 

70 1 .5 1 0  Black aandy aah bed a ;  diatinct contact• 

1 40 1 .650 Dark yellowiah brown medium aandy clay loam textured 
ash; with common root channel• 

20 1 .670 Pale brown fine aah 'cream cakea' 

40 1 .7 1 0  Dark yellowiah brown medium sand loam textured ash 

1 0  1 .720 Very dark grey medium ash, pocketing, firm 

1 20 1 .840 Dark yellowish brown fine aandy loam textured 81h; with 
root channels 

30 1 .870 Medium pumice and few lithic lapilli interbedded in aandy 
loam textured aah 

40 1 .9 1 0  Dark yellowish brown fine aandy loam textured 81h 

1 0  1 . 920 Very dark grey medium aah, firm, pocketing 

90 2.01 0 Dark yellowiah fine sandy loam textured aah 

40 2.050 Medium and few coarae lithic and pumice lapilli in aandy 
loam textured ash 

200 2.250 Dark yellowiah brown to dark brown fine aandy loam to 
undy clay loam textured aah; with root channela, 

becoming coaraer with depth 

soo · 2.850 Bedded dark and pale grey, and brown very fine lapilli; finn 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Formation Member 

Taupo Pumice Taupo lgnimbrite 

Papakai Formation 

7Bullot Formation unnamed 

unnamed 

Bullot Formation 7Ngamatea lapilli· 1 
(upper) 

unnamed 

ul, 

Shawcroft Tephra 

Bullot Formation unnamed 
(upper) &. 
Waiohau Tephra 

Bullot Formation unnamed 
(upper) 

unnamed 

?reworked Bullot 
Formation tephras 

A 72 

Duncan Road [DCNJ 

T20/333983 

At the crest of a hill (northern exposure) on Duncan Road, 

approx. 30 m east of a small road bridge over an unnamed 

tributary channel 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

1 50 0. 1 50 White poorly sorted aah and pumice lapilli, with charcoal 

1 300 1 .450 Yellowiah brown fine sandy loam textured aah, with 
interaperaed fine and medium pumice lapilli; maaaive 

40 1 .490 Yellowiah brown fine pumice interbedded in aandy loam 
textured aah 

1 1 0 1 .600 Olive medium aand 

30 1 .630 Scattered medium pumice lapilli 

90 1 .720 Black coarse ash and some browniah yellow pumice lapilli 

1 90 1 .9 1 0  Strong brown fine pumice lapilli and black lithic lapilli; 
loose, gravely texture 

80 1 .990 Olive medium sandy loam textured ash, greasy; with 
yellowish red iron·atained contact• 

30 2.020 Grey aandy ash 

200 2. 220 40 mm Yellowish brown fine angular, platy pumice 
fragment a 

60 mm Yellowiah brown fine pumice lapilli and black 
lithic lapilli; gravelly texture; reveraely graded 

tephra 

1 00  2.320 Purplish grey coarae aandy loam textured medial unit, 
ahowing paleosol development; with dark brown coated 
root channel• and aome very fine pumice end lithic lapilli 

220 2.540 Dark grey fine lithic lapilli and fewer atrong brown pumice 
lapilli, with grey interiora; aoft pumice 

80 2.620 Grey pumiceoua fine ash, greaay; with interbedded white 
very fine rhyolitic ash 

20 2.640 Black coarse sandy ash 

30 2.670 Purplish black sandy loam textured aah 

50 2.720 Medium aandy loam textured aah and interbedded pumice 
and lithic lapilli 

40 2.760 Fine sandy loam textured ash, greasy; with yellowish red 
iron-atained basal contact 

70 2.830 Medium aandy loam textured ash, with distinct root 
channels; paleosol; with iron-stained baaal contact 

70 2.900 Medium aandy loam textured ash and lapilli 

60 2.960 Black coarse ash and fine lapilli; pocketing 

70 3.030 Medium aandy loam textured aah and lapilli 

1 1 0 3. 1 40 Grey fine aandy loam to aandy clay loam textured ash, 
greasy; with distinct root channela; paleosol 

30Q •  3.440 Bedded very fine lithic and pumice lapilli; ?fluvial deposit; 
base not exposed. Older depoaita overlie lava 



Section Name and Map Code: 

Grid Reference: 

Locality: 

ForfTIIItion Member 

Teupo Pumice Teupo lgnimbrite 

Mangatawai Tephra 

Papakai Formation 

Mangamate Tephra Poutu Lapilli 

Bullot Formation unnamed 
(upper) 

Ngamatea lapilli-2 

unnamed 

Ngamatea lapilli-1 

Helwan lapilli 

unnamed 

Shawcroft Tephra 

Medial unit & 
Waiohau Tephra 

Bullot Formation unnamed 
(upper) 

A 73 

Helwan Quarry [HQ) 

T20/4089 2 1 

Northern exposure within a small quarry located immediately 

east of the Desert Road, on the south side of Waitangi 

Stream, and approx. 0.2 km north of Helwan S.2 

Unit Cum. Description 

Depth Depth 

(mm/ (mJ 

0.000 Disturbed soil aurfece 

500 0.500 White poorly sorted .. h and fine lapilll, with charcoal 

230 0.730 Dark yellowish brown (1 0YR4/41 fine sandy clay loam 
textured aah, greasy; with common dark brown coated root 
channels; indistinct lower contact; paleoaol 

520 1 . 250 Dark yellowish brown (1 0YR4/41 fine sandy clay loam 
textured aah; with cracked exterior, and dark brown coated 
root channels; bluish grey lithic lapilli and brown pumice 
lapilli interbedded near base of unit; paleoaol 

1 1 0 1 .360 Yellowish brown ( 1 0YR5/61 very fine lapilli interspersed In 
fine sandy loam textured aah 

1 30  1 .490 Very pale brown (1 0YR7/41 medium undy loam textured 
aah; with moderately well developed medium nut structure 
and root channels; paleosol 

70 1 .560 Dark brown (7.5YR4/41 dominantly medium, and some fine 
pumice lapilli, with white (2.5Y8/21 Interiors, and few grey 
lithic lapilli; some sandy loam textured ash matrix; 
ungraded tephra 

30 1 .590 Greyish brown medium sandy loam textured .. h 

1 1 0 1 .700 Dark brown (7.5YR4/41 dominantly fine pumice lapilli, and 
dark grey lithic lapilli; loose lapilli 

20 1 .720 Pale brown sandy loam textured medial unit 

70 1 .790 Dark grey very fine lithic lapilli and coarse aah 

1 20 1 .9 1 0  Yellowish brown (1 0YR5/41 medium sandy loam textured 
medial unit, with brown coated root channels, and common 
fine lapilli 

80 1 . 990 Strong brown (7.5YR5/61 fine pumice lapllll, with pale grey 
interiors, and fewer dominantly very fine dark grey lithic 
lapilli; loose lapilli; moderately soft pumice; ungraded 
tephra; sharp basal contact 

80 2.070 Brown medium sandy loam textured medial unit, with pale 
brown coated root channels, and strong brown fine pumice 
lapilli 

80 2. 1 50 Strong brown (7.5YR5/61 and dark brown (7.5YR4/41 
dominantly medium pumice lapilli, and few coarse lapilli, 
and grey lithic lapilli; ungraded tephra 

40 2. 1 90 Fine sandy loam textured medial unit, with root channels 

and fine lapilli 

90 2 . 280 Black (2. 5Y2/01 fine and very fine lithic lapilli and fewer 
strong brown (7.5YR5/81 pumice lapilli, with a strong 

brown pumice dominant base; distinctive tephra 

620 2.900 Yellowish brown ( 1 0YR5/41 fine sandy clay loam textured 
medial unit, greasy; with scattered fine, soft pumice lapilli 
in upper part of unit, and abundant very fine pale yellow 
pumice and grey lithic lapilli in lower; many dark brown 
coated root channels; interbedded near top of unit la a 
white very fine ash, discontinuous (Waiohau Tephra) 

40 2.940 Strong brown (7.5YR5/61 dominantly very fine pumice 
lapilli and black lithic lapilli; discontinuous tephra; distinct 
irregular contacts 

80 3.020 Fine sandy loam textured medial unit, with many brown 

coated root channels and common very fine pale yellow 
pumice, and lithic lapilli, and some fine lapilli at base 



Formation Member 

Tangatu Formation unnamed 

unnamed 

Unit 

Depth 

(mm) 

1 1 0 

550 

Cum. 

Depth 

(m) 

3. 1 30  

3.680 

A 74 

Description 

Yellowiah brown medium aandy loam textured medial unit, 
with root channela, and aome fine and medium pumice and 
lithic lapilli; with acattered coarae andeaitic pebble• at 
upper contact 

Grey und and granule matrix, poorly aorted; with matrix­
aupported dominantly fine andealtic and few pumice 
pebblea, grading downward• to coarae pebble• and cobble• 
near b11e of depoeit; unit pinchee out; debria flow depoeit 

1 80  3.860 Greyiah brown aand and granule matrix; with matrix-
aupported andeeitic pebble1, grading upward• from 
dominantly fine pebble• to coarae and very coarae pebblee; 
eome pumice pebblea; unit pinche1 out; debri1 flow depoeit 

1 60  3.860 Grey granule• and aand, with dominantly fine andealtic 
pebblee; upper 30 mm dominantly coaree eand; 

hyperconcentrated flood flow depoelt 

1 60  3.860 Grey granule• and eand, and few fine andeeltic pabblee; 
aemi-lithified; hyperconcentrated flood flow depoelt 

1 70 3.860 Granule• and minor und, eemi-lithified; with common fine 

1 000 

andeaitic pebble• and few medium pebblea; 
hyperconcentrated flood flow depoalt 

3. 860 Granule and eand matrix, with matrix-eupported dominantly 
medium andealtic pebblea, and aome coaree pebble• and 
olive brown undatone cobble• concentrated toward baae 
of depoalt; maximum cl11t 1 50 mm (cobble); wedging unit, 
thinning to 250 mm; debria flow depoelt 

700 3.860 Fine und and granule matrix, poorly eorted, with red and 
grey dominantly fine, and few coaree andeeltic and 
hydrothermally altered pebblea, and aome pumice pebblea; 
occaaional aandatone cobblea; unit become• bedded 
laterally, and compri1e1 pebble dominant and poorly aorted 
aand dominant bed a with bed thickneuee generally about 
1 00 mm; debria flow grading to hyperconcentrated flood 
flow depoait 

70 3.860 Dark greyiah brown aandy clay loam textured medial unit, 

750 

with common medium pebble• 

3.860 Medium aand and granule matrix, with matrix-aupported 
andeaitic pebbles, cobble• and boulder•. and aome 
browniah grey aandatone cl11ts; dominant cleat eize le 
cobble (80 mm); maximum cleat la 500 mm (boulder); with 
aome pocket• of claat-aupported pebble• and cobblea; 
baaal 20 mm bedded aand and granulee; unit pinche1 out; 
erosional lower contact; debria flow depoalt 

3.860 Altemately bedded pebble dominant and aand dominant 
beda; pebble dominant beda are commonly reverae graded, 
and compriae dominantly fine pumice and minor andeeitic 
pebblea, granulea, and aome medium land at b11e; eand 
dominant beds comprise fine to coarae und, commonly 
reveraely graded, and granulea; Some lenticular bed• and 
few andeeitic cobblee; aharp bed contact•; overall the 
depoelt appeara revereely graded, grading upward• from 
predominantly und beda in the lower half, to pebble beda; 
lower half of depoait ia more ma .. ive; hyperconcentrated 
flood flow depoeit; b11e of depoait i1 not expoeed 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Fort'TMtion Member 

Ngauruhoe Formation 

Taupo Pumice Taupo lgnimbrite 

Mangatawai Tephra 

Papakai Formation 

Mangamate Tephra Poutu Lapilli 

Bullot Formation unnamed 
(upper) 

Ngamatea lapilli-2 

unnamed 

Ngamatea lapilli- 1 

unnamed 

Tangatu Formation unnamed 

A 75 

Helwan Section 2 [HS21 

T20/4079 1 7  

A cutting in the face of a small hill on the east side of the 

Desert Road, approx. 1 . 5 km north of Waiouru 

Unit Cum. Deacription 

Depth Depth 

(mm) (m) 

900 0.900 570 mm Pruent day soil surface, overlying dartc brown 
fine aandy loam textured unit with few rewortced Taupo 
Pumice lapilli 
1 70 mm Very dartc grey ( 1 0YR3/ 1 )  fine aandy loam 
textured unit, with interbedded pockets of grey sandy ash, 
and some rewortced Taupo Pumice lapilli 
1 60 mm Dartc brown (1 0YR4/3) medium sandy loam, with 
some rewortced charcoal fragment• and fine Taupo Pumice 
lapilli 

470 1 .370 White to pale grey poorly aorted aah and lapilli; with 
carbonised branches; at baae of the ignimbrite la a thin 
crystal-rich coarse ash 

2 1 0  1 .580 Dartc yellowiah brown (1 0YR4/4) fine aandy clay loam 
textured aah, with aome reddiah brown mottlea; indiatinct 
lower contact 

540 2. 1 20 Dartc yellowiah brown (1 0YR4/4) fine aandy clay loam 
textured aah, with cracked exterior and diatinct dartc brown 
coated root channela; with common bluish grey fine lithic 

lapilli interaperaed within baaal 1 00 mm, and aome brown 
fine pumice lapilli; paleosol 

1 20 2. 240 Profuae brown very fine lapilli interaperaed throughout pale 
brown fine aandy loam textured aah; indiatinct tephra 

240 2.480 Yellowish brown (1 0YR5/6) fine aandy loam, grading 
downwards to fine aandy clay loam textured aah and 
scattered atrong brown (7.5YR5/6) fine pumice lapilli and 
bluish grey lithic lapilli; aome root channela; paleoaol 

70 2.550 Strong brown (7.5YR5/6) dominantly medium pumice lapilli 
and light grey (2.5Y7/0l lithic lapilli, with aome browniah 
yellow (1 0YR6/6l fine aandy loam textured ash matrix; 
ungraded tephra; angular to subrounded, moderately aoft 
pumice lapilli 

30 2.580 light olive grey (5Y6/2) medium aah, firm, and aome very 
fine lapilli 

1 00  2.680 Dartc brown (7.5YR4/4) and atrong brown (7.5YR5/6) fine 
and medium pumice lapilli, and fewer dartc grey (2.5Y4/0) 
lithic lapilli, with basal 1 0  mm coarae aah; looae 
aubrounded lapilli 

30 2.7 1 0  Dartc grey very fine lithic lapilli with a 5 mm atrong brown 
iron-stained base; wavy diatinct lower contact 

1 40 2. 850 Grey fine aand and granule matrix; with claat-aupported red 
and grey andesitic pebblea, and pale yellow (2.5Y8/41 
pumice pebbles; top 60 mm dominantly fine aand; sharp 
lower contact; hyperconcentrated flood flow depoait 

60 2.9 1 0  Yellowiah brown fine aandy loam textured medial unit with 
many very fine lapilli; prominent unit; aharp contact• 



Form4tion Member Unit 

Depth 

(mm) 

Tangatu Formation unnamed 1 820. 

Cum. 

Depth 

(m) 

4.730 

A 76 

Description 

1 40 mm Grey weakly bedded very fine und coeraening 
downward• to medium aend with interbedded 
thin di•continuoua lepilll beda; with pumice 
pebble• concentrated et beae 

580 mm Well bedded ••nd• end pebble•; bed 
thickneuea generally 70 mm; compriaing 
pumice dominant pebble beda, commonly 
rever•ely graded with undy b .. ea end fine 
pebble• grading upward• to medium pebble•. 
end und dominant beda comprl•ing reveraely 
graded ••nda end few pebble•: no cobble• or 
boulder• 

1 1  00 mm Weekly bedded unit, more meuive end coeraer 
then overlying unit; comprl•ing pebble dominant 
with dominantly fine end aome medium 
endeaitic end pumice pebble•; end aend 
dominant bed• compriaing very coerae aand end 
granule•: hyperconcentreted flood flow depo•it 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Formation Member 

Onetapu Fonnation unnamed 

Manutahi Fonnation unnamed 

Papakai Fonnation 

?orange lapilli-2 

?orange lapilli-1 

Papakai Fonnation & 
Motutere Tephra 

?reworked Mangamate 
Tephra 

Bullot Formation unnamed 
(upper) 

Tangatu Fonnation unnamed 

unnamed 

A ll 

lower Seagull G ully Section 1 [lSG 1 I 

T20/408026 

An exposure within lower Seagull G ul ly,  approx. 50 m up­

channel from its southern end where it broadens and opens 

out into the southern Rangipo Desert 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

440 0.440 Poorly bedded deposit comprising very coarse sand 
dominant, and pebble dominant beds; with some andeaitic 
cobbles and boulders; very dark grey andesitic clasts, and 
brown and yellowish brown rounded pumice pebble� 

500 0.940 Poorly bedded deposit comprising: 
Sand and granule dominant beds, with fine andesitic and 
pumice pebbles, moderately well sorted sands and some 
cross beds 
Pebble dominant beds comprising pale and dark grey and 
red andeaitic dominantly coarse pebbles, and yellowish 
brown 1 1 0YR5/6). dark brown 1 1 0YR3/3) and very dark 
greyish brown 11 0YR3/2) medium and fine pumice pebbles, 
distinctly rounded: and yellowish brown fine sandy loam 
textured beds; discontinuous beds 

60 1 .000 Dark yellowish brown 11 0YR4/4) fine sandy clay loam 
textured ash, with cracked exterior, and dark brown coated 
root channels; paleosol 

20 1 .020 Strong brown (7.5YR5/6) dominantly fine, and some 
medium pumice lapilli, with same coloured interiors, and 
dark grey, pale grey and black dominantly very fine lithic 
lapilli, and coarse aah; very soft pumice 

50 1 .070 Coarse sandy clay loam textured ash, greasy 

70 1 . 1 40 Strong brown 17.5YR5/6) fine and very fine pumice lapilli, 
grey and black lithic lapllli, and coarse ash; soft pumice; 
reversely graded tephra 

390 1 .530 Dark yellowish brown 11 0YR4/4) medium sandy clay loam 
textured ash, very greasy, with cracked exterior; with 
common dark brown and black coated root channels and 
interspersed bluish grey lithic lapilli and yellowish brown 
pumice lapilli; with pale pinkish brown fine to coarse ash 
'cream cakes' interbedded 90 mm from basal contact 

50 1 .580 Very dark grey to black 15Y3/1 - 2/1 )  and brown very 
coarse ash and very fine lapilli, finn, prominent, pocketing 

80 1 .660 Strong brown 17. 5YR5/6) medium and few coarse pumice 
lapilli and black (2.5Y2/0) lithic lapilll, Interbedded In sandy 
clay loam textured aah 

70 1 .730 Coarse sandy clay loam textured 81h, greasy; with many 
interspersed fine pumice and lithic lapilli; with dark brown 
root coating a; paleosol 

1 1 0 1 .840 Poorly bedded grey coarse sand and rounded medium 
pumice pebbles and fewer andesitic pebbles; scoured basal 
contact 

370 2 . 2 1 0  Bedded grey fine sand with strong brown beech leaves, 
and fine and medium pumice pebbles, and occasional 
andesitic pebbles; small scour and fill structures; lens-
shaped deposit thinning to 20 mm; scoured basal contact; 
fluvial deposit 

90 2.300 Interbedded brown fine sandy clay, hard, and grey very fine 
sand; with leaves 

20 2.320 Black coarse ash and fine lithic lapilli; correlates with 
deposit at 1 . 8 - 1 .94 m In lower Seagull Gully S.2 

80 2.400 Greyish brown (2.6Y5/2) very fine sand 

1 0 2.41 0 Yellowish brown clay 

1 30 2.540 Bedded sandy loam, and very greasy sandy clay loam 
textured beds; medial unit; with iron-stained contacts and 
some root channels 



A 78 

Formation Member Unit Cum. Description 

Depth Depth 

(mm} (m} 

Tangatu Formation unnamed 750 3.290 Black and pale yellow bedded very coarae and medium 

lithic and pumiceoua aand; with croaa beda; fluvial depoait; 
correlate a with depoait at 2. 2 - 2.3 m In lower Se8gull 
Gully 5 .2  

1 30  3.420 Yellowiah brown ( 1 0YR5/4 - 5/61 coarse and medium 
rounded pumice pebblea interbedded In greaay fine aand 
and greaay aandy clay loam textured matrix 

1 70 3.590 Poorly bedded yellowiah brown (1 OYR5/41 fine pumice 
pebblea and lithic granulea, and grey coarae aand 

40 3.630 Greyiah brown (2.5Y5/21 fine aandy loam, greaay; with 
iron-atained root channela; aharp contacta 

unnamed 200 3.830 Grey bedded coarae aand, looae; diacontinuoua depoait; 
acoured baaal contact 

Bullot Formation unnamed 1 80  4.01 0  light olive brown (2.5Y5/21 fine and medium pumice lapilli, 
(upperl and dark grey fine; gravelly texture; firm pumice; normally 

graded tephra 

70+ 4.080 Fine sandy clay loam textured unit, greaay, with diatinct 
black coated root channela; paleoaol; baae not expoaed 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Forrn.tion Member 

Onetapu Formation 

Papakai Formation 

?orange lapilli-2 

?orange lapilli-1 

Manutahi Formation unnamed 

Papakai Formation & 
Motutere Tephra 

Tangatu Formation unnamed 

unnamed 

Bullot Formation unnamed 
(upperl 

Tangatu Formation unnamed 

Bullot Formation unnamed 
(upperl 

Tangatu Formation unnamed 

Bullot Formation unnamed 
(upperl 

A 79 

lower Seagull Gully Section 2 [lSG2) 

T20/407028 

An exposure near the southern end of lower Seagull Gully, in 

a shallow meandering section of the channel 

Unit Cum. Description 

Depth Depth 

(mm} (m} 

0.000 Grey laharic .. nda and gravel• unconformably overlying 
Papakai Formation 

1 80  0. 1 80  Dartc yellowiah brown ( 1  OYR4/41 fine aandy clay loam 
textured .. h. greaay; cracked exterior, with brown coated 
root channel• 

20 0.200 Strong brown (7.5YR5/61 fine pumice lapilll, aoft, with 
.. me coloured interiora, and dartc grey, grey and black very 
fine lithic lapilli; aome .. ndy clay loam textured aah matrix 

40 0. 240 Dartc yallowiah brown fine aandy clay loam textured aah 

60 0. 300 Strong brown (7. 5YR5/61 medium and fine pumice lepilli 
and gray fine lithic lapilli; aoft pumice 

70 0.370 Yallowiah brown fine .. ndy clay loam textured aah, greaay, 
with root channala; palaoaol 

480 0.850 Poorly bedded dartc gray and brown aanda and pabblea; 
dominantly andeaitic pebble• and common brown pumice 
pebblea, well rounded; diacontinuoua beda; aome crou 
bedded .. nda 

420 1 .270 Dartc yellowlah brown (1 0YR4/41 fine undy clay loam 
textured .. h; cracked exterior, with dartc brown end black 
coated root channela; prominent unit; interbedded 90 mm 
from baae of unit are pale pinkiah brown fine and coarae 
aah 'cream cakaa' (Motutare Tephral; aroaional upper 
contact; prominent unit 

450 1 . 720 Weakly bedded gray coarae .. nd and granulea, moderately 
wall aortad, with acattarad fine to coarae andeaitic pebblea, 
and occasional pocketa of claat-aupported medium and 
coarae pebblea; fine grained unit; aharp amooth contact• 
hyperconcantrated flood flow dapoait 

60 1 .780 Claat-aupported pumice pebblea and aand 

20 1 .800 Dartc grey coarae aah and fine lithic lapilli 

1 40 1 .940 Bedded gray fine aand, firm, and brown clay bada; aharp 
contact• 

40 1 .980 Fine and very fine pumice pebble• and brown loamy .. nd 

1 30 2. 1 1 0 Greyish brown and grey (gleyedl .. ndy clay loam textured 
medial unit, ahowing paleoaol development; graaay, with 
many brown coated root channela; aome very fine lithic 
and pumice lapilli at contacta 

60 2. 1 70 Dominantly fine pumice lapilli, and very fine lithic lapilli and 
coarae aah; ungraded 

40 2. 2 1 0  Grey aand, with common pale brown pumice granulea; 
diacontinuoua unit 

90 2.300 Greyish brown fine .. nd 

1 1 0 2.4 1 0  Yellowiah brown (1 0YR5/61 dominantly fine pumice lapilli, 
and grey lithic lapilll; normally graded unit, grading from 
lapilli baae to coarae aah top; aome aandy clay loam 
textured aah matrix; dlacontinuoua unit 

1 50 2.560 Olive grey granulea and aand, poorly aortad; with very fine 
lithic lapilli; aemi-lithified; with interbedded laminae of fine 
pumice pebblea; hyperconcentrated flood flow depoait 

60 2.620 Greyiah brown (2.5Y5/21 atratified very fine aand; firm; 
aharp wavy contact• 

1 30 2.750 Fine pumice and lithic lapilli and greyiah brown coarae aah 

60 2.81 0 Grey (2.5Y6/0I aandy clay loam textured medial unit, 
showing paleoaol development; with reddiah brown coated 
root channela, and acattared fine lapilli 



ABO 

Form.tion Member Unit Cum. Description 

Depth Depth 

(mm/ (m/ 

Bullot Formation unnamed 1 1 0 2.920 Yellowish brown 11 OYR5/6) dominantly fine pumice lapilll, 
(upper) with grey interiors, and bleck fine lithic lapilli; angular lapilli; 

alight normal grading to coarse aah dominant top 30 mm 

1 0  2.930 Grey coarse eah; firm 

70 3.000 Loamy und textured coarse eah, •nd fine l•pllli 

60 3.060 Brown and grey domin•ntly fine pumice l•pilli, •nd bleck, 
with some red lithic lapilli, aub•ngular; ah•rp contecta 

70 3. 1 30  Grey (2.5Y5/0l coarse eah and fine l•pilli 

1 0  3. 1 40 Yellowish brown loamy textured eah •nd fine pumice and 
lithic lapilli 

50 3. 1 90 Dark brown ( 1 0YR4/3) domin•ntly fine pumice l•piHi, with 
common coarse, •nd some very co•r .. lapilli, and grey 
lithic lapilli; some loamy textured ••h matrix; reversely 
graded unit 

1 0  3.200 Yellow loamy textured eah, firm 

1 30  3.330 Grey and red domin•ntly very fine lithic lapilli, •nd 
yellowish brown ( 1 OYR5/6) pumice lapilli; •nd few fine to 
medium pumice lapilli; normally graded unit, grading 
upwards to dominantly coarse aah 

M, 30 3.360 1 0 mm Grey very fine eah, firm, prominent, with yellow 
very fine pumice lapilli 

20 mm Yellow eah and fine yellow and greyish brown 
pumice lapilll 

unnamed 30 3.390 Black coarse uh and fine lithic and pumice lapilli 

60 3.450 Brown and greyish brown domin•ntly medium pumice 
lapilli, and black and red lithic lapilli, with common coarse 
lapilli; ungraded unit; very vesicular, aub•ngular pumice; 
with some greyish brown loamy textured uh m•trix 

30 3.480 Grey coarse aah and fine lapilli 

1 0  3.490 Black coarse uh and very fine lithic lapilll 

50 3.540 Grey coarse uh and scattered fine pumice and lithic lapilli 

member L1 7 1 20 3.660 Strong brown (7. 5YR5/6) dominantly fine pumice lapilli, 
and dark grey, brown, and red lithic lapilli; some coarse aah 
matrix; angular lapilli; ungraded; distinct tephra 

unnamed 1 0  3.670 Very dark grey (2.5Y3/0) coarse aah; firm; prominent 

member L1 6 1 1 0 3.780 Strong brown (7.5YR5/6) dominantly fine pumice lapilli and 
grey lithic lapilli, with many very fine lapilli, and loamy 
textured aah matrix; aubrounded pumice and angular 
lithics; ungraded; overall finer grain size than member L 1 7  

Tangatu Formation unnamed 1 00 +  3.880 Yellowish brown sand and granule matrix; with pockets of 
grey coarse sand, and many matrix-supported andeaitic 
cobbles. and fewer coarse andeaitlc, •nd brown pumice 
pebbles; dominant cleat size 80 mm (cobble); base of unit 
not exposed; debris flow deposit 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Form��tion 

Makahikatoa Sands 

Tufa Trig Formation 

Makahikatoa Sands 

Tufa Trig Formation 

Makahikatoa Sands 

Tufa Trig Formation 

Makahikatoa Sands 

Tufa Trig Formation 

Makahikatoa Sands 

Tufa Trig Formation 

Makahikatoa Sands 

Tufa Trig Formation 

Makahikatoa Sands 

Tufa Trig Formation 

Makahikatoa Sands 

Tufa Trig Formation 

Makahikatoa Sands 

Tufa Trig Formation 

Makahikatoa Sands 

Taupo Pumice 

Mangatawai Tephra 

Member 

unnamed 

unnamed 

unnamed 

?member Tf1 0 

member Tf8 

member Tf7/ 
member Tf6 

member Tf5 

member Tf4 

member Tf2 

Taupo lgnimbrite 

A 8 1  

Main Road [MRI 

T20/385020 

A shallow ditch on the west side of Main Road, south of an 

intersection with an unnamed road, northern Karioi Forest 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

70 0.070 Dark greyish brown aandy loam textured unit with pockets 
of greyer sandy loam 

20 0.090 Dark grey medium ash, pocketing 

30 0. 1 20 Brown medium sandy loam textured unit 

20 0. 1 40 Very dark grey medium eah, with a pale grey fine .. h base 

20 0. 1 60  Brown medium sandy loam textured unit 

1 0  0. 1 70 5 mm Very dark grey medium ash, over 5 mm grey fine 
ash base 

20 0. 1 90 Brown medium sandy loam textured unit 

20 0. 2 1 0  Very dark grey medium ash with a grey fine eah base; 
pocketing tephra 

40 0.250 Brown coarse sandy loam textured unit 

60 0.31 0 50 mm Very dark grey coarse ash grading down to 
medium eah 

1 0 mm Grey coarse aah base with olive end brown fine 
lepilli 

40 0.350 Brown medium sandy loam textured unit 

30 0.380 20 mm Black medium ash 
5 mm Yellowish brown sandy loam textured unit 
35 mm Black coarse .. h with finer grey .. h b .. e 

40 0.420 Brown coarse sandy loam textured unit 

70 0.490 Black coarse ash end fine lepilli; coarsest tephre In aectlon; 
diatinctive tephra 

40 0.530 Yellowish brown fine sandy loam textured unit, slightly 
greasy; paleosol 

20 0.550 Black medium sandy eah; pocketing 

75 0.625 Yellowish brown fine aendy loam textured unit, with 
interbedded 5 mm white fine ash, pocketing 

50 0.675 Olive grey medium and fine acoriaceoua and lithic lapllli; 
gleaay, very vesicular scoriaceous lapilli; interspersed in 
yellowish brown fine sandy loam 

40 0.7 1 5  Yellowish brown fine sandy loam textured unit, with 
common very fine lepilli 

60 0.775 Yellowish brown fine sandy loam textured unit, end many 
reworked fine Teupo Pumice lapilli 

660 1 .435 White poorly sorted ash and fine pumice lepilli; with 
carbonised branches end charcoal fragments 

40• 1 .475 Dark yellowish brown fine sandy loam textured eah, very 
greasy; with common yellowish brown fine lepilli, and root 
channels; peleosol; base of tephra not exposed 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Form.tion 

Ngeuruhoe Form.tion 

Teupo Pumice 

Mengetewei Tephre 

Ptlpebi Form.tion & 
Weimihie T��phre & 
Hinem.iaia T��ph111 

Ptlpebi Form.tion 

Mengemete Tephre 

Poronui Tephre 

Mengemete Tephre 

Kerepiti Tephre 

Ptlhob Teph111 

?Bullot Form.tion 

(upper) 

Member 

Poutu Lepilli 

Wherepu Tephre 

Ohinepengo Tephre 

Weihohonu Lepilli 

unnamed tephre 

Oturere Lepilli 

Te Reto Lepilli 

unnamed 

unnamed 

A82 

Mangatawai (Stream) [MS) 

T 1 9/489238 [N 1 1 2/250806) 

A cutting on the Desert Road on the southern side of the 

bridge over Mangatawai Stream. Description taken from 

Topping ( 1 973),  with modifications (this study) given in 

italics 

Unit Cum. 

D��pth D��pth 

(mm) (m) 

440 0.440 

200 0.640 

790 1 .430 

240 1 .670 

240 1 .9 1 0  

540 2.450 

70 2.520 

2 2.522 

1 90 2.71 2 

360 3.072 

50 3. 1 22 

420 3.542 

40 3.582 

2 3.584 

50 3.634 

80 3. 7 1 4  

470 4. 1 84 

30 4. 2 1 4  

80 4.294 

120 4.4 1 4  

Description 

Very dark grey medium 81h to dark brown fine 81h 

Pale yellow coerae to fine rhyolitic .. h, lepilli end ameli 
blocka (in pocketa) 

290 mm Dark brown fine eah giving way to dark grey 
medium .. h with interbedded dark grey 81h containing 
yellow leevea 

Dark yellowiah brown fine end medium 81h with pale 
yellow medium rhyolitic 81h, giving way to yellowiah 
brown coerae rhyolitic eah 

Yellowish brown fine ash with interaperaed grey end atrong 
brown ateined fine end medium lepilli; buried aoil 

Strong brown fine end medium lepilli end grey lithic• 

40 mm 
30 mm 

Grey to dark olive grey medium eah 
Dark olive grey end olive brown medium eah 
with e few interaperaed fine end medium lepilli 

Trace yellow fine rhyolitic eah 

50 mm Dark olive grey end olive brown medium 81h 
40 mm Very dark grey medium eah 
60 mm Very dark grey end browniah yellow medium 

uh 
40 mm Very dark grey medium eah 

1 0  mm Grey eah 
70 mm Strong brown end dark to very dark grey fine to 

coerae lithic lepilli 
280 mm Dark grey end atrong brown fine end 1 few 

medium lithic lepilli 

20 mm Dark greyiah brown medium eah with 
interaperaed yellow coerae eah 

1 0  mm Coarse yellow eah, fine end medium browniah 
lepilli 

20 mm Dark yellowiah brown ash 

Strong brown, yellowish brown end dark greyiah brown 
fine to coarse lepilli 

Olive grey end olive fine lepilli 

Trace light yellowiah brown fine rhyolitic eah 

Very fine lithic end pumice lilpilli, with minor gre .. y undy 

loam textured esh m.trix 

Strong brown fine and very fine pumice, end lithic lilpilli; 

with minor greesy undy clily loem textured esh m.trix 

Olive brown (2. 5Y414J dominantly fine pumiceous lilpilli, 

with light olive brown 12. 5Y5/4) interiors; angulilr, loose 

lilpilli 

Yellowish bro wn ( 1 0YR5/6J coarse undy esh and fine to 

very fine lithic end pumice lepilli; sherp contects; ungnded 

tephre 

Dark yello wish brown ( 1 0YR414J very coarse undy clily 

loam textured medial unit, showing peleosol development; 

with abundant very fine lithic and pumice lilpilli, end dark 

brown coated root channels 

Ptlle yellow and black coarse pumiceous and lithic esh; 

gravelly texture; sharp baul contact 



A83 

Formation Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

220 4.634 Dark yellowish brown (10YR414J coaru undy clay loam 

textured medial unit, showing paleo•ol development, 

greasy ; with common black coated root channel• and 

fTIIIny interspersed fine and very fine lithic and yellowish 

brown (10YR5/BJ pumice lapilli with olive (5Y513J Interior•; 

with an 80 mm thick lapilli unit Interbedded 11t 

75- 155 mm depth from top; w.vy bllu/ contact 

unnamed 100 4.734 Dark brown (7. 5YR414J dominantly fine pumica lapilli, with 

olive interiors, and dark grey lithic lapilli, with minor loamy 

coaru •all fTIIItrix; very vellicular, firm to modtlflltely 110h 
pumice; sharp bllu/ contact 

50 4.784 Greyish brown medium undy clay loam textured medial 

unit, very grusy 

unnamed 40 4.824 Brown coarse tumdy ash 

60 4.884 Dark greyish brown (10YR412J undy loam textured medial 

unit, grusy; with few scattered fine lithic and pumice 

/apilli; wavy bet���/ contact 

unnamed 70 4.954 Dark brown (7. 5YR414J fine lapilli; loose ungftlded lapilli; 

discontinuous tephrt1 

1 10 6.064 Dark greyish brown (10YR412J coarse 1111ndy clay loam 

textured medial unit, showing pa/eoso/ development, 

grusy; with brown coated root channels, few scattered 

yellowish brown pumice /apilli, and pockets of beech leaves 

unnamed 30 5.094 Yellowish brown fine and very fine /apifli; loose, gftlvelly 

texture; with a discontinuous 5 mm bat���/ pale grey undy 

ash 

70 6. 1 64 D•rk greyish brown(10YR412J medium undy cla y loam 

textured medial unit, showing paleosof development; with 

common interspersed fine lapilli and root ch11nne/s 

unn•med 1 10 5. 274 Yello wish red (5YR418J fine •nd very fine pumice lapilli and 

very dark grey (5Y311 )fine •nd very fine lithic lapilli; loou 

lapilli; very vesiculllr, firm pumice; wavy bll��t�l cont11ct 

150 5.424 Yello wish brown coarse 1111ndy /o11m textured medial unit, 

very gre.sy 

unnamed 90 5.5 1 4  Grey coarse 1111ndy ash and fine lapilli 

190 5.704 D11rk brown (7.5YR414J fine pumice fllpilli 11nd very d11rk 

grey (5Y311 J fine lithic lapilli; we.k/y bedded tephrt1; 

angul11r, loose lllpilli 

80 5.784 D11rk yellowish bro wn (10YR414J undy clay lo•m textured 

medial unit, showing p•leo•ol development, gr111111y; with 

interspersed fine grey lithic 11nd brown pumice lllpilli; 

common black co11ted root channe/11 

?W•ioh•u Tephfll 50 5.834 White fine 1111h, interbedded in d•rk yellowish brown undy 

ci•Y /o11m textured medial unit, gre.11y, with black co11ted 

root ch•nnels 

?Bullot ForfTIIItion unn11med 60 5.894 Yellowish brown fine pumice lapilli and grey lithic lapilli; 

(upper) with undy cl•y lo•m textured 11sh fTIIItrix 

50 5.944 D•rk yellowish brown (10YR414J undy clay lo•m textured 

medi•l unit, with some interspersed yellowish brown fine 

lllpilli 

unn•med 130 6.074 Strong brown (7. 5YR5/BJ co•rse ash •nd fine pumice 

lllpilli, •nd grey lithic lllpilli 

80 6. 1 54 Olive grey co•rse 1111ndy lo•m textured medial unit, gr1111sy, 

with root ch11nne/11 

120 6.274 Olive grey 11nd yellowish brown lo11my und textured medial 

unit 

unn•med 1 1 0 6. 384 Grey co11rse undy 11sh, with yellowish brown and grey fine 

lllpilli 

80 6.464 Dark yello wish brown (10YR414 - 5/BJ undy clay lo•m 

textured mecl,ial unit, gr1111sy; with black coated root 

ch11nne/s 11nd interspersed fine 11nd some medium lapilli 

unn•med 130 6.694 Strong brown (7. 5YR5/8i very fine pumice lapillf and grey 

lithic lapilli, 11nd co11rse ash; weakly bedded 



A84 

Formetion Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

90 6.684 50 mm Grey undy loam textured mtldilll unit, gre .. y 

40 mm Yellowish brown (10YR5/8J to dark yellowish 

brown (10YR4/4) coarse undy cley Joem 

textured medilll unit, very greesy; with 

interspersed yello wish brown fine lepilll 

190 6.874 Sandy cley loam textured mtldilll unit, very greesy; with 

brown coated root channels and yellowish red iron-stained 

contacts 

Medial unit & 1 60 7.034 Greyish bro wn (2. 5Y5/2) undy cley loam textured mtldiel 

JRotorua Tephra unit, showing paleosol development; with brown coeted 

root channels; with 5 mm white fine ash interbedded neer 

top of unit (JRotorua Tephra}; with yellowish red f5YR416J 

iron-stained contacts 

1 60 7. 1 94 Dark yello wish bro wn (10YR414 - 4(8) sendy cley Joem 

textured mtldilll unit, sticky; with interbedded lepilli 

?Rotoaira Lapilli 240 7.434 50 mm Dark grey a1h 
1 40 mm 8rowniah yellow fine to coarae lapilli and grey 

fine lithica 
50 mm Dark and light grey medium to coarae aah 

JBullot Formation unnamed 1 70 7.604 Yello wish brown and black coarse pumiceous and lithic ash 
(upper) 

70 7.674 Very dark grey coarse ash and fine lepilli 

1 70 7.844 Yellowish brown , white and olive fine and medium pumice 

lapilli and common coarse lepilli; with coarse ash matrix; 

ungraded tephra 

50 7.894 Yellowish grey coarse ash and fine lithic and pumice lepilli; 

with Iron-stained base; ungraded tephra 

7.894 on alluvium or laharic debria 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Fortn11tion Member 

Makahikatoa Sands & 
Tufa Trig Formation 

Tufa Trig Formation unnamed 

Makahikatoa Sands 

Tufa Trig Formetion member Tf6 

Makahikatoa Sands 

Tufa Trig Formation member Tf5 

Makahikatoa Sands 

Tufa Trig Formation member Tf4 

Taupo Pumice Taupo lgnimbrite 

Mangatawai Tephra 

Papakai Formation 

Papakai Formation & 
Waimihia Tephra 

Papakai Formation 

Hinemaiaia Tephra 

Papakai Formation 

Motutere Tephra 

Papakal Formation 

reworiced Mangamate 
Tephra 

A85 

Mangatoetoenui Quarry [MO) 

T20/459 1 5 3 

A large exposure within a quarry on the east side of the 

Desert Road, immediately south of the road bridge over 

Mangatoetoenui Stream 

Unit Cum. Deacription 

Depth Depth 

(mm) (m) 

200 0.200 Grey sand over brown fine undy loam textured unit, and 
daric grey medium uh 

25 0.225 Black coarse uh with fine grey ash bue end top 

30 0. 255 Grey coarse loamy und textured unit 

25 0.280 Reveraely graded deric grey coarse ash, on 20 mm fine grey 
uh 

40 0.320 Brownish grey medium undy loam textured unit, slightly 
greuy 

60 0.380 40 mm Bedded black coarse ••h 
20 mm Grey fine uh bue 

40 0.420 Oaric yellowish brown (1 0YR4/4) medium sandy loem 
textured unit, slightly greasy 

1 5  0.435 Very daric grey coarse ash with pale grey fine .. h top 

340 0.775 Oaric yellowish brown ( 1 0YR4/4) sandy clay loam textured 
ash; with daric coated root channels; paleoaol developed in 
Taupo lgnimbrite 

750 1 .525 White poor1y sorted coarse ash and lapilli, with charcoaliaed 
branches. 

650 2. 1 75 1 40 mm Oaric brown fine sandy clay loam textured .. h. 
sticky; with interbeda of black coarse ash, 
pocketing; and many Iron-stained root channels; 
sharp lower contact; paleoaol 

5 1 0  mm Alternately bedded black and daric purplish black 
coarse ash beds, with abundant yellowish 
brown and orange beech leaves, and daric 
yellowish brown ( 1 0YR4/4) fine sandy loam 
textured uh beds; bed thickne .. ea < 100 mm; 
upper bed a discontinuous, lower beds 
continuous; wevy bed contacts 

1 20 2 .295 Oaric yellowish brown (1 0YR4/41 coerae ..  ndy clay loam 
textured .. h. very greuy; with many scattered fine lapilli 
and iron-stained root channels; sharp wavy contact• 

1 00  2.395 Oaric yellowiah brown (1 0YR4/41 fine aandy clay loam 
textured aah, with 40 mm thick interbedded pale olive 
(5Y6/3) fine ash 'cream cakes' 

280 2.675 Oaric yellowish brown (1 0YR4/4) fine aandy clay loem 
textured uh, sticky; with many daric coated root channels; 
indistinct contacts 

1 00  2. 775 Yellow coarae pumiceoua uh diaperaed throughout dark 
yellowish brown sand clay loam textured Papakal 
Formation; diatinctive tephra 

300 3.075 Yellowish brown ( 1 0YR5/6) and strong brown (7.5YR5/6) 
fine undy clay loam textured ash, strongly cracked 
exterior; with many bluish grey fine lithic lapilli 
concentrated at bue, and many dark brown coated root 
channels 

1 0  3.085 Pale brown to pinkiah brown coarae and fine ash 'cream 
cakes' 

3 1 0  3. 395 Yellowish brown and atrong brown fine undy clay loam 
textured ash, with many coated root channela, and 
interspersed fine lapilli; cracked exterior 

340 3.735 Brown and grey very fine angular, piety lithic fragments; 
normally graded deposit; weakly cemented; sharp amooth 
basal contact 



A Bq 

Forfl'llltion Member Unit Cum. De&crlption 

Depth Depth 

(mm) (m) 

Mangamate Tephra Poutu Lapilli 240 3.975 Dark greylah brown (2.5Y4/2) fine and fewer medium lithic 
lapilli, and atrong brown (7. 6YR5/6) fine and medium 
pumice lapilli, with yellowiah brown ( 1 0YR5/6) lnteriora; 
non- and poorly veaicular lepilli, moderately eoft; alight 
normal grading; weekly cemented at aurface of outcrop 

20 3.995 Black coarae aendy 81h 

Wharepu Tephra 670 4.666 Bedded lapilli end aah: 
1 1 0 mm Very fine lapilll end coerae 81h; alight normal 

grading 
1 60 mm Dark greyiah brown (2.6Y4/2 end 6Y3/1 I and 

common dark brown (7.6YR4/4) fine and very 
fine lapllll 

1 00  mm Dark brown fine end very fine lepilli; aharp 
contact• 

40 4.706 Dark yellowiah brown ( 1 0YR4/41 fine aendy loam textured 
ash; prominent 

Waihohonu Lapilli 700 5.405 Bedded lapilli end ash: 
330 mm Very dark grey (6Y3/1 ) dominantly medium 

angular lithic lapilll, end few yellowiah brown 
(1 0YR6/8) pumice lepilli 

50 mm Bright yellowiah brown (1 0YR6/6) fine pumice 
lapilli end coerae pumiceoua 81h 

1 90 mm Dark grey medium and fine angular lithic lepilll, 
end few atrong brown pumice lepilli 

20 mm Yellowiah brown fine pumice lapilll end few 
black lithic lapilli, and coerae pumiceoua end 
lithic aah 

20 mm Coerae black 81h 

unnamed tephra 90 5.495 80 mm Brown coarae loamy coerH .. h; with many 
very fine lithic lapilli; aherp contact• 

1 0 mm Coerae aandy clay loam textured .. h. very 
gre81y 

Oturere Lapilli 480 5.976 470 mm Weakly bedded dominantly very fine and fine, 
very dark grey (5Y3/1 ) and fewer dark greyiah 
brown (2.5Y4/2) lithic lepilll, and aome 
yellowiah brown ( 1 OYR5/6) pumice lapilli, poorly 
vesicular, moderately aoft; alight normal grading 

1 0  mm Bluiah grey very fine end fine lithic lapilli, aoft; 
in gre81y aendy clay loam textured 81h 

1 5  5.990 Grey (2.5Y6/0I to light browniah grey (2.6Y6/21 aendy clay 
textured 81h; greaay; with lron-ateined upper contact 

Karapiti T ephra 5 5.995 Pale grey fine ash 'cream cakes', few, indiatinct 

20 6.0 1 5  Grey (2.6Y6/0) t o  light browniah grey (2.5Y6/21 aandy clay 
textured aah; greeay; with iron-atained lower contact 

1 00  6. 1 1 6  20 mm Brown coarae aandy clay loam textured aah, 
gre81y 

40 mm Yellowish brown ( 1 0YR5/6) dominantly fine and 
very fine pumice lapilli, aoft, weathered; 
ungraded tephre 

30 mm Black coarse aah and fine lithic lapilll 
1 0 mm Greyiah brown coarae loamy aah 

Pahoka Tephra 240 6.366 Grey (2.6Y6/0 - 6/0), light olive grey (5Y6/2), and olive 
(6Y6/3) colour-banded fine end medium, end few coerae 
pumiceoua lapilli; light grey (2.6Y7/0), end olive (5Y6/3) 
non-banded pumiceoua lapilli; and few olive end very dark 
grey lithic lapilli; blocky, angular, moderately herd 
pumiceoua lapilli; alight normal grading with upper 50 mm 
compriaing very fine angular, piety pumiceoua lapilli; b81el 
20 mm compriaea coerae pumiceoua and lithic aah; 
diatinctive tephre 

Tangatu Formation unnamed 340 7. 1 1 6 Medium aand and granule matrix, moderately well eorted; 
with matrix-aupported very fine, end fine endeaitic end 
pumice pebble a, and many grey ephanitic cobble• 
( 1 50 mm) end bouldera; ungraded depoait; debria flow 
depoait 

Bullot Formation unnamed 1 40 7. 1 1 5 30 mm Coerae aandy loam 
(upper) 1 1 0 mm Yellowiah brown ( 1 0YR5/6) fine pumice lapilli; 

diacontinuoua tephre 



A87 

Formation Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

Tangatu Formation unnamed 1 50 7. 1 1 5 Coarse sand and granule matrix, moderately well sorted; 
with black and red dominantly medium andeaitic pebbles, 
and brown and olive pumice pebbles; maximum cl .. t 
30 mm (coarse pebble}; finer basal 30 mm without 
pebbles; debris flow deposit 

Bullot Formation unnamed 30 7. 1 1 5  Coarse aah with some fine and few medium black lithic 
(upper} lapilli and yellowish brown pumice lapilli; normally graded 

Tangatu Formation unnamed 70 7. 1 1 5  Very greasy fine sandy loam textured matrix, with 
occasional pebbles and cobbles, and dark coated root 
channel a 

Bullot Formation unnamed 30 7. 1 1 5 Greyish yellow coarse loamy aah 
(upper} 

Pourahu Member 490 7.605 1 90 mm Upper bed: pale yellow and pinkish brown 
[ignimbrite unit) dominantly medium pumice lapilll, with fine 

lapilli to blocks up to 1 50 mm; highly vesicular 
pumice; some grey sandy loam textured matrix; 
coarsest of the three beds 

1 70 mm Middle bed: pale yellow and pinkish yellow 
dominantly medium pumice lapilll, with many 
fine lapilli, and common coarse lapilll and blocks 

1 30  mm Basal bed: pale yellow and pinkish yellow fine 
and some coarse pumice lapilli with coarse 
pumiceous ash 

Tangatu Formation unnamed sooo• 1 3. 605 Total thickness a• m; nine po .. ible units, with 
predominantly yellowish grey matrices of sand to sandy 
loam; with many matrix-supported andeaitic and pumice 
pebbles, cobbles, and some boulders; debris flow deposita 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Formt�tion Member 

Mekehiketoa Sands Mekehikatoa Sends 

Tufe Trlg Formation unnamed 

Mekehiketoa Sands 

Tufa Trlg Formation member Tf1 4  

Mekehikatoa Sends 

Tufe Trig Formation member Tf1 3 

Makehiketoa Sands 

Tufa Trig Formation member Tf1 1 

Mekehikatoe Sands 

Tufa Trig Formation member Tf1 0  

Makahikatoa Sends 

Tufa Trig Formation member Tf8 

Mekahikatoa Sends 

Tufe Trig Formation member Tf6 

Mekehiketoa Send• 

Tufe Trig Formation member Tf5 

Makehiketoe Sends 

Tufa Trig Formation member Tf4 

Makehiketoa Sands 

Tufe Trig Formation member Tf3 

Makehiketoa Sands 

Tufe Trig Formation member Tf2 

Makehiketoe Sends 

Tufa Trig Formation member Tf1 

Teupo Pumice T aupo lgnimbrite 

ABB 

Missile Ridge Dune [MAD) 

T20/398062 

An exposure in the face of a large dune located adjacent to 

Missile Ridge, near a large beech stand, in the northwestern 

Rangipo Desert 

Unit Cum. Deacription 

Depth Depth 

(mm) (m) 

400 0.400 Dark greyiah brown loamy und textured unit 

30 0.430 Dark grey medium uh; diacontinuous 

1 400 1 .830 Dark brown undy loam textured unit 

70 1 .900 Very dark grey medium uh; with intermixed dark brown 
undy loam; atreeky uh; irregular contacts 

230 2. 1 30 Dark brown medium aandy loam textured unit 

30 2 . 1 60  Very dark grey medium uh; diacontinuoua 

1 30  2.290 Dark brown sandy loam textured unit 

50 2.340 Very dark grey medium ash; diacontlnuoua 

1 00  2.440 Dark brown undy loam textured unit 

25 2.465 Dark grey fine end medium ash; indiatlnct, discontinuous 
tephra 

3 1 0  2.775 Dark brown undy loam textured unit 

65 2.840 40 mm Dark grey medium ash 
1 5  mm Pale grey fine ash base 

20 2.860 Greyiah brown sandy loam textured unit 

60 2.920 Black medium to coarse aah; distinct reveraely graded 
tephre; laterally continuoua; diatinct contact• 

60 2.980 Dark brown undy loam textured unit 

1 20 3. 1 00  Black coerae aah and aome very fine lepilli; diatinctive 
tephra; laterally contlnuoua; coaraeat member present In 
aection; distinct contact• 

60 3. 1 60  Dark brown aandy loam textured unit 

40 3.200 Very dark grey medium ash; diacontinuous 

40 3.240 Dark brown undy loam textured unit 

1 0  3.250 Very dark grey medium 111h; pocketing; lndiatinct tephra 

90 3.340 Dark yellowiah brown aandy loam textured unit; peleosol 

60 3.400 Brown fine pumice lepilli, with pale yellow interiors, grey 
and aome hydrothermally altered fine lithic lapilli, end 

coarse ash; angular lapilli 

1 50 3.550 Dark yellowiah brown aendy loam textured unit; paleoaol 

70 3.620 Greyish brown fine end medium pumice lepilli, end coarse 
uh, interbedded in dark yellowiah brown undy loam 

1 50 3.770 Dark yellowiah brown sandy loam textured unit, greuy; 
peleosol developed in Teupo lgnimbrite 

450 4.220 White poorly sorted aah end fine lepilli, with charcoal end 
carbonised branches 

4.220 on Mengetewei Tephra 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Form.tion Member 

Tufa Trig Fonnation member Tf6 

member Tf5 

Taupo Pumice Taupo lgnimbrite 

Mapara Tephra 

Waimihia Tephra 

Hinemaiaia Tephra 

A89 

Ngamatea Swamp Section 1 INS 1 )  

T2 1 /4 1 3874 

Western face of a NE - SW trending drainage channel 

located within Ngamatea Swamp, near a small rise, and 

approx. 400 m along channel from the northeastern margin 

of the swamp 

Unit Cum. Deacription 

Depth Depth 

(mm) (m) 

200 0.200 Dark brown fibrous peat 

1 0  0. 2 1 0  Fine aandy ash within peat. Stratigraphic position o f  ash 
determined by texture 

50 0.260 Dark brown peaty loam with traces of Tufa Trig Fonnation 
member Tf5 

30 0.290 Dark grey coarse ash within peat. Stratigraphic position of 
ash detennined by texture and colour 

1 50 0.440 Dark brown peaty loam 

260 0.720 White coarse ash and fine lapilll, with grey organic-rich 
baaa1 30mm 

1 60  0.860 Dark brown fibrous peat 

1 0  0.890 Pale brown to white fine ash, pocketing, distinct contacts 

350 1 . 240 Dark greyish brown (1  OYR4/2) fibrous peat 

30 1 . 270 Pale brown to white fine ash, pocketing 

250 1 .520 Dark greyish brown ( 1 OYR4/2) fibrous peat 

1 1 0 1 .630 White coarse pumiceous ash dispersed within peat; 
indistinct contacts 

290 1 .920 Yellowish brown (1 0YR5/4) fibrous peaty loam with 
interbedded sandy ash 

60 1 .960 Brown ( 1 0YR5/3) peaty loam with very fine pumice and 
lithic lapilli 

1 30 + 2. 1 1 0 Yellowish brown peaty loam 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Fo,.tion Member 

Taupo Pumice Taupo lgnimbrite 

Papakai Formation 

Hinemaiaia Tephra 

Papakai Formation 

Bullot Formation Ngamatea lapilli-2 
(upper) 

Ngamatea lapilli-1 

unnamed 

unnamed 

unnamed 

?Waiohau Tephra 

Te Heuheu Formation unnamed 

A90 

Ngamatea Swamp S.2 [NS2) 

T2 1 /4 1 3874 

Western face of a NW - SE trending drainage channel located 

within Ngamatea Swamp, approx. 1 0 m south along channel 

from Ngamatea Swamp S. 1 [NS 1 ); at this site tephras older 
than Taupo Pumice are not found interbedded with peat 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

250 0.250 White poorly sorted aah and fine pumice lapilli, with 
charcoal 

320 0.570 Yellowish brown fine aandy clay loam textured .. h. with 
strong brown 17.5YR5/6) coated root channels; cracked 
exterior 

1 00  0.670 White coarse pumiceous aah dispersed within yellowish 
brown Papakai Formation 

260 0.930 Yellowish brown sandy clay loam textured ash, with 
interspersed bluish grey fine lapilli; cracked exterior 

70 1 .000 Yellowish brown medium and fine pumice lapilli and pale 
grey lithic lapilli, with some aandy loam textured aah 
matrix; moderately soft pumice; ungraded unit 

30 1 .030 Olive brown fine aandy loam textured aah 

60 1 .090 Strong brown dominantly fine pumice lapilli, and grey lithic 
lapilli; minor sandy loam textured aah; ungraded unit 

30 1 . 1 20 Olive brown sandy loam textured medial unit, with 
common fine grey lithic lapilli 

70 1 . 1 90 Yellowish brown dominantly fine, with some very fine and 
medium pumice lapilli, and grey lithic lapilli; minor sandy 
loam textured ash matrix; alight reverae grading 

70 1 . 260 Olive grey aandy loam textured medial unit, with dark 
brown (7.5YR4/6) coated root channels 

50 1 .3 1 0  Grey coarse ash, normally graded, and ecattered brown, 
soft pumice lapilli 

50 1 .360 Olive brown fine aandy clay loam textured medial unit with 
common fine lapilli and brown coated root channels 

60 1 .420 Brown fine, and few medium pumice lapilli, with olive 
interiors, and grey lithic lapilli; some aandy loam textured 
ash matrix 

1 80  1 .600 Dark grey loamy textured ash with common dark brown 
17. 5YR4/4) mottles about root channels 

30 1 .630 Olive very fine pumice lapilli in sandy clay loam textured 
aah matrix 

30 1 .660 Grey very coarse ash 

5 1 .665 White fine aah, pocketing 

50 1 .7 1 5  Olive brown medium sandy clay loam textured medial unit, 
with scattered brown pumice lapilli and common brown 
coated root channels 

5oo • 2 . 2 1 5  loamy aand textured matrix, grading downwards t o  coarse 
aand; strongly iron-stained, semi-lithified aands, with grey, 
black and red andesitic pebbles, and some pumice pebbles 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Forrn.tion Member 

Makahikatoa Sands 

Tufa Trig Formation unnamed 

Makahikatoa Sands 

Tufa Trig Formation unnamed 

Makahikatoa Sands 

Kaharoa Tephra 

Makahikatoa Sands 

Tufa Trig Formation unnamed 

Makahikatoa Sands 

Tufa Trig Formation unnamed 

Makahikatoa Sands 

Tufa Trig Formation unnamed 

Makahikatoa Sands & 
Tufa Trig Formation 

Tufa Trig Formation ?member Tf6 

Makahikatoa Sands 

Tufa Trig Formation ?member TfS 

Taupo Pumice 

?Papakai Formation 

unnamed 

A9 1 

Ohakune Mountain Road [OMRI 

520/27 1 074 

A cutting on the east side of Ohakune Mountain Road, 

approx. 500 m south of the Turoa Skifield car park 

Unit Cum. Deacription 

Depth Depth 

(mm) (m) 

0.000 Browniah grey loamy aand textured unit and overlying 
preaent day aoil aurface 

40 0.040 Black coarse ash; discontinuoua tephra 

90 0. 1 30  Brown fine aandy loam textured unit, greaay, with root 
channels, containing many pale green leaves near base; 
paleosol 

30 0. 1 60  Black coarse ash with baaal laminae of very fine lithic lapilli 

so 0. 2 1 0  Brown fine aandy loam textured unit, greaay, with root 
channels; paleosol 

1 0  0.220 White to pale grey very fine ash; diacontinuous tephra; 
sharp irregular contacts 

90 0.31 0 Brown medium to fine aandy loam textured unit, with 
interbedded black coarae aah laminae, discontinuoua, and 
common pale green leave• 

60 0.370 Black coarse ash, discontinuous; distinct irregular contact• 

290 0.660 Brown fine aandy loam textured unit, alightly greaay; with 
two black coarse ash interbeda 1 20 - 30  mm thick), and 
common root channels 

30 0.690 Grey to black coarae ash and few very fine pumice lapilli; 
diacontinuous tephra 

1 0  0.700 Fine aandy loam textured unit 

60 0.760 Black coarae ash bed a; indiatinct contacts 

2 1 0  0.990 Brown fine aandy loam textured unit, greasy; with root 
channels and blackened root casta; Interbedded at 1 1  0 mm 
depth - black ash with a fine grey ash base, pocketing 
(Tufa Trig Formation tephra) 

30 1 .020 Black coarse ash, with fine grey .. h at top, and atrong 
brown scattered very fine and fine pumice lapilli at base; 
discontinuous tephra 

1 00  1 . 1 20 Brown fine sandy loam textured unit, alightly greaay with 
interbedded discontinuoua grey ash laminae l ?Tufa Trig 
Formation tephraal 

1 20 1 . 240 Black coarse ash; distinct, irregular contacts 

60 1 .320 Brown fine aandy clay loam textured unit, very greasy, 
with white ?imogolite-coated greaay twigs; strong brown 
iron-stained basal contact; paleosol 

230 1 .550 Greyish brown fine sandy clay loam textured unit, very 
greasy, with many strong brown coated root channels; 
cracked exterior; paleosol 

40 1 .590 Bed of acattered fine white pumice lapilli in brown aah 
lpaleosoll 

340 1 .930 Greyish brown fine aandy clay loam textured ash, very 
greasy, with few scattered fine pumice lapilli; many atrong 
brown coated root channels; cracked exterior 

60 2.01 0 Weakly bedded black coarae loamy sand, with protruding 
cream orange-coloured, greasy ?imogolite-coated twig a 

1 70 2. 1 60  Pale brown to cream fine aandy clay, very greasy; with 
small pocket• of grey coarse ash 1 and orange greasy 
?imogolite-coated twigs; paleosol 

60 2. 240 Yellowish grey and black fine lithic lapilli, and strong brown 
pumice lapilli, soft, interbedded in sandy clay textured ash 
matrix, greasy, with ?imogolite-coated twigs 



Formetion Member Unit 

Depth 

(mm) 

920 

A92 

Cum. Description 

Depth 

(m) 

3. 1 60  280 mm Grey sandy clay loam, very greuy, paleoaol, 
over 

1 90 mm Orange iron-stained sandy clay loam, very 
greasy; paleoaol, over 

450 mm Purpliah grey aandy clay loam, very greaay, 
paleoaol, with ?imogolite-coated twiga and 
protruding amall branches; paleoaol 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Form.tion Member 

Taupo Pumice Taupo lgnimbrite 

Mangatawai Tephra 

Papakai Formation & 
Waimihia Tephra 

Hinemaiaia Tephra 

Papakai Formation & 
Motutere Tephra 

Mangamate Tephra Poutu lapilli 

Wharepu Tephra 

Poronui Tephra 

Mangamate Tephra Ohinepango Tephra 

Waihohonu lapilli 

unnamed tephra 

Oturere lapilli 

7Te Rata Lapilli 

unnamed 

A93 

Oturere Trig Section 1 [OTJ 

T 1 9/4882 1 3  

A large exposure of the west side of the Desert Road, 

approx. 0.5 km north of the road bridge crossing Oturere 

Stream 

Unit Cum. Deacription 

Depth Depth 

(mm) (m) 

1 30  0. 1 30  White poorty sorted uh and fine lapilli, with carbonised 
branches; sharp lower contact 

480 0.61 0  2 30  mm Very dark greyish brown (2.5Y3/2) fine sandy 
loam textured ash, greuy, with dark brown 
coated root channels; paleosol 

250 mm Alternately bedded black coarse ash and brown 
fine sandy loam textured uh beds 

320 0.930 Dark yellowish brown (1 OYR4/4) sandy loam textured ash, 
greasy. with cracked exterior and brown coated root 
channels; with interbedded pale brown fine uh 'cream 
cakes"; paleosol 

1 40 1 .070 Yellow and white coarse pumiceous aah. interspersed in 
yellowish brown sandy loam textured aah 

740 1 .8 1 0  Dark yellowish brown (1 0YR4/4) sandy clay loam textured 
ash, with cracked exterior and dark brown coated root 
channels; with interspersed bluish grey and brown fine 
lapilli in base, and pale pinkish brown fine and coarse aah 
'cream cakes" (Motutere Tephra) interbedded about 
90 mm from base; paleosol 

390 2.200 Strong brown fine and medium pumice lapilli, and iron-
stained lithic lapilli; weakly cemented at surface of outcrop; 
angular poorty vesicular lapilli; basal 90 mm dominantly fine 
( 1 0  mm) lapilli; sharp basal contact 

1 60  2.360 50 mm Black very fine lapilli and coarse aah, firm 
1 1 0 mm Strong brown dominantly fine lapilli, cemented 

at surface of outcrop; sharp contacts 

5 2. 365 White very fine ash, pocketing 

1 70 2.535 Colour-banded tephra comprising alternating beda of black 
lithic dominant, and strong brown (7.5YR5/8) pumice 
dominant coarse aah; sharp beda contacts; distinctive 
tephra 

750 3.285 Bedded grey (5Y3/1 ). strong brown (7.5YR5/6), yellowish 
red (5YR4/8) and some dark reddish brown (5YR3/4) 
dominantly fine. and medium lapilli; angular, sharp, loose 
lapilli; with a strong brown dominant bed at baae; reveraely 
graded tephra 

90 3.375 50 mm Olive grey very coarse loamy ash 
40 mm Grey coarse sandy clay loam textured aah, 

greasy, with common fine lapilli; Indistinct lower 
contact 

7 1 0  4.085 Bedded strong brown (7. 5YR5/8 - 5/6) and very dark grey 
(5Y3/ 1 )  dominantly fine. and medium and very fine lapilli; 
normally graded tephra grading upwards from very fine to 
medium lapilli; loose, angular lapilli; distinct contacts 

30 4. 1 1 5 Bluish grey very fine lapilli and coarse ash; colour contrast 
with overlying Oturere lapilli 

50 4. 1 65 Coarse sandy clay loam textured ash, greasy 

60 4.225 Coarse sandy clay loam textured aah with common yellow 
pumice and grey lithic lapilli 

50 4.275 Yellow sandy clay loam textured aah, greasy, with 
common very fine lapilli 

40 4.31 5 Strong brown iron-stained very fine lapilli, interbedded in 
sandy clay loam textured ash 

1 1 0 4.425 Very fine grey lapilli and coarse aah 



A94 

Form11tion Member Unit Cum. Description 

Depth Depth 

(mm/ (mJ 

Pahoka Tephra 670 5.095 Grey and reddiah brown l5YR5/41 iron-atained dominantly 
very fine lapilli, with very dark grey l5Y3/1 1 interiora; with 
pale yellow coarae .. h baae; aoft lapiiH 

Builot Formation unnamed 1 20 5. 2 1 5  Very fine lapiiii and aandy loam textured aah 
lupper) 

230 5.445 Black very fine lithic lapilii and light olive brown l2.5Y5/41 
pumice lapilii, and coarae aah 

Pourahu Member 1 30  5.575 Pale yellow and iron-atained dark brown l7.5YR4/41 
[tephra unit) dominantly fine medium pumice lapiiii, and dominantly very 

fine lithic lapiiil, and coarH .. h; very veaicular pumice; 
aome brown aandy clay loam textured aah 

unnamed 90 5.665 Olive brown l2.5Y4/41 fine lithic laplili, and atrong brown 
pumice lapiiil, and aandy clay loam textured aah, with dark 
brown coated root channel• 

1 1 0 5. 775 Yellow coarae .. h and acattered light olive brown 
l2.5Y5/41 fine lapiiii 

70 5.845 Very dark grey l2.5Y3/0I medium undy clay loam textured 
a eh, gre .. y, and acattered atrong brown fine pumice lapiiii, 
and grey lithic lapilli 

90 5.935 Dark greyiah brown (2.5Y4/2) coarae loamy aah with aome 
brown coated root channela; aharp lower boundary 

60 5.995 Yellowiah brown fine pumice lapiiii, grey lithic lapiiil and 
coarae .. h 

1 40 6. 1 35 Dark yellowish brown l1 0YR4/41 coarae aandy clay loam 
textured medial unit, greaay, with diatinct black coated 
root channela, and many very fine lapiiil 

unnamed 1 00  6.235 Strong brown l7.5YR5/61 and dark brown l7.5YR4/41 
dominantly fine pumice lapiiii, and grey lithic lapiiil; 
moderately aoft pumice; looae lapilli; ungraded tephra 

1 1 0 6.345 Yellowiah brown l1  OYR5/81 very fine pumice lapilli, and 
lithic lapilli, with minor undy clay loam textured aah 
matrix; with a 30 mm dlacontinuoua black undy aah 
interbedded 30 mm from top of unit 

80 6.425 Very dark grey l5Y3/1 I to black l5Y2/1 1 very fine lithic 
lapilli and coarae .. h; alight normal grading 

40 6.465 Very dark grey very fine lithic lapilli and yellowiah brown 
pumice lapilli 

5 6.470 Dark grey coarae aandy aah 

50 6.520 Very dark grey l5Y3/ 1 )  very fine lithic lapiiil and atrong 
brown l7. 5YR5/6) very fine pumice lapilli, and coarae .. h; 
diacontinuoua tephra 

5 6.525 Grey coarae aandy .. h 

Waiohau Tephra 50 6.575 White very fine aah, discontinuoua 

?Bullot Formation unnamed 20 6.595 Purplish black coarae aandy aah; diatinctive 
lupper) 

1 50 6.745 Brown aandy loam textured medial unit, greaay, with 
acattered yellowiah brown, and white pumice lapilli, and 
grey very fine lithic lapiiii 

60 6.805 Dark greyiah brown coarae undy loam textured medial 
unit, ahowing paleoaol development 

unnamed 90 6.895 Yellowiah brown and black very fine lapiiii and coarae .. h 

1 00  6.995 Yellowiah brown fine and medium pumice lapilli, with 
brown interior•. and black, dominantly medium lithic lapilli, 
angular, and coarae .. h; angular lapiiii; ungraded tephra 

70 7.065 Yellowiah brown and grey very fine pumice and lithic lapilli, 
and coarae ash; ungraded tephra 

70 7. 1 35 Yellowiah red l5YR5/81 dominantly fine, and very fine 
pumice lapilli, and black very fine lithic lapilli; aoft very 
veaicular pumice lapiiii; diatinctive colouring; ungraded 
tephra 

30 7. 1 65 Colour-banded black, and yellowiah red coarae aah and 
very fine lapiiii beda 

90 7.255 Yellowiah red (5YR5/8) dominantly fine l5 - 1 0 mm) 
pumice lapiiii and black very fine lithic lapiiii; aoft pumice; 
slight normal grading; aharp baaal contact 



Form11tion 

Bullot Formation 
(upper) 

Medial unit & 
7Rotorue Tephre 

7Bullot Formation 

Member 

unnamed 

unnamed 

Unit 

Depth 

(mm) 

90 

60 

60 

90 

1 60  

BO 

1 40  

60 

30 

Cum. 

Depth 

(m) 

7.346 

7.405 

7.466 

7.646 

7.706 

7.786 

7.926 

7.986 

8.01 6 

A95 

Description 

Very dark grey end atrong brown very fine lepllll end coerae 
.. h; aherp contact• 

Pale grey undy clay loam textured medial unit, ahowing 
peleoaol development; gre .. y, with root chennela; end 
interbedded white fine .. h 'cream cekea' (7Rotorue 
Tephre); with reddiah brown iron-ateined contact• 

Very dark grey end yellowiah brown dominantly fine lepilli 
end coerae .. h; reveraely graded tephre 

Light purpliah grey coerae .. h. end grey lithic end yellowiah 
brown pumice lapilll 

Browniah red coerae .. h end fine lepilli; aherp contact• 

Black undy aah and yellowiah brown fine lapllll, firm 

Dark olive, and aome white fine to coarae pumice lapilll, 
end coerae .. h; brittle pumice; diatinct contact• 

Yellow end dark grey coarae .. h and very fine lapilli; aharp 
wavy lower contact, on 

Andeaitic diemictona, with aendy clay loam textured 
metrlcea and boulder• ( > 1 m) 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Form��tion Member 

Ngauruhoe Formation 

Tufa Trio Formation member Tf5 

Ngauruhoe Formation 

Tufe Trio Formation member Tf2 

Ngeuruhoe Formation 

Tufa Trig Formation member Tf1 

Taupo Pumice Taupo lgnimbrite 

Mengatewai Tephra 

Papakai Formation 

Hinemaiaie Tephra 

Papakai Formation 

Mangamate Tephra Poutu lepilli 

unnamed 

A96 

Paradise Valley Road [PR) 

T20/494046 

Shallow cutting on the south side of Paradise Valley Road, 

beside a disused railway track south of the junction with 

Burma Road 

Unit Cum. Deacription 

Depth Depth 

(mm) (m) 

250 0. 250 Preaent day aoil overlying brown undy loam textured unit 

40 0.290 Black coarae uh; diatinctive tephra 

50 0.340 Dertc greyiah brown undy loam to undy clay loam 
textured unit; peleoaol 

1 5  0.355 Fine acoriaceoua lapilli Interbedded In aendy loam textured 
a eh 

40 0.395 Dartc greylah brown aandy clay loam textured unit; paleoaol 

25 0.420 Fine lapilll Interbedded In aandy clay loam textured uh 

1 20 0.540 Dartc greyiah brown fine undy clay loam textured unit; 
paleoaol developed in Taupo lgnimbrite 

430 0.970 White poorly aorted uh end fine lapilli, with charcoal; 
aherp wavy contacta 

260 1 . 230 1 60  mm Dertc brown aendy clay loam textured uh, 
greuy; paleoaol 

1 00  mm Black undy uh beda 

250 1 .460 Dartc brown fine undy clay loam textured uh; with 
atrongly cracked exterior, end brown coated root channela; 
indiatinct lower contact; paleoaol 

60 1 .560 White coerae pumiceoua uh lnteraperaed In brown aandy 
clay loam textured 111h; indiatinct tephra; Indistinct lower 
contact 

440 2.000 Dartc brown undy clay loam textured eah; with atrongly 
cracked exterior end dartc brown coated root channel•: 
with abundant fine and very fine bluiah grey and brown 
lepilli interaperaed through bue of unit lrewortced Poutu 
lapillil; irregular diatinct beul contact; peleoaol 

90 2.090 Strong brown end bluiah grey dominantly fine lapilli; 
angular, sharp lapilli, weakly cemented at top; eroaive 
upper contact; distinct wavy baul contact; ungraded 
tephra 

1 so• 2. 240 Very fine brown and dertc grey lapilli end coarae uh, 
weakly cemented; prominent tephra; bue of depoait not 
expoaed 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Form.tion Member 

T aupo Pumice 

Mangatawel Teph111 

Pe,nkei Formation & 
Waimlhie Teph111 & 
Hinem.ieie Teph111 

Pepakai Form.tion 

Pepakai Form.tion & 
Motutere Teph111 

Mangamate Tephra Poutu lapilli 

Wharepu Tephra 

Poronui Tephra 

Mangamate Tephra Ohinepango Tephra 

Waihohonu lapilli 

unnamed tephra 

Oturere lapilli 

Te Rato lapilli 

Pehoke Teph111 

?Bullot Form.tion unnamed 

(upper) 

lWaiohau Tephfll 

?Bullot Form.tion unnamed 

(upper) 

Rotoaira lapilll 

?Bullot Formation unnamed 

(upper) 

Rerewhakaaitu Tephra 

?Bullot Form.tion unnamed 

Hinuera Formation 

Oruanui Formation Oruanui Breccia 
/Kawakllwa Teph111 (Oruanui lgnimbrite) 

Form.tion) 

Oruanui A1h 
/Aokllutere Ash) 

A97 

Poutu [PT) 

T 1 9/48 1 325 [N 1 1 2/23990 1 )  

A large cutting on the National Park - Taupo Road, 5 . 7  km 

west of Aangipo. Description taken from Topping ( 1 973) ,  

with modifications (this study) given in italics 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

400 0.400 Pale yellow rhyolitic .. h. lapilli and block• 

420 0.820 Dark yellowi1h brown and dark grey .. h 

300 1 . 1 20 Yellowi1h brown ande1itic .. h. with interbedded pale 
brown fine .. h (Walmihl• Tephr•l and white co1r1e 
pumiceou• .. h (Hinemaiaia Tephral 

200 1 .320 Strong brown uh with grey lithic lapilli di1per1ed 
throughout; paleo1ol 

200 1 .520 Strong brown uh with interbedded pale brown fine and 
coar1e uh 'cream cake1' (Motutere Tephral 

900 2.420 Browni1h yellow weakly bedded lapilli 

60 2.480 Very dark greyish brown to dark olive grey .. h 

30 2.51 0 Pale yellow fine rhyolitic uh 

60 2.570 30 mm Strong brown medium a1h 
30 mm Very dark grey medium uh 

30 2.600 Yellowi1h red medium and coar1e uh and fine lapilli 

30 2.630 Brown uh 

1 0  2.640 Yellowi1h brown medium lapilli 

1 60  2.800 Very dark grey coar1e a1h and lapilll and pale yellow lapilli 

90 2.890 Dark brown undy clay loam textured ash, greasy 

20 2.910 Dark grey fine pumiceous lapilli and fine angular, platy 

pumiceous f111gments; indistinct tephrtl 

530 3.440 Greyiah brown undy clay loam textured aah, and 

interbedded yellowish brown fine lapil/i; discrete lapilli beds 

20 3.460 Yellow fine rhyolitic uh; di1continuou• tephra 

7 1 0  4. 1 70 Greyish brown andesitic ash; prominent; aharp lower 

contact 

380 4.550 1 60  mm Yellowish red coar1e uh and lapilll 
20 mm Black uh 
20 mm Shower bedded browni•h lapilli and coar1e uh; 

ero1ion break 

1 20 4.670 Yellowi1h brown uh with 1cattered 1trong brown lapilli 

80 4.750 light olive brown ash with 1par1e 1trong brown lapilli; a 
few angular cobble• throughout the1e two unit• which may 
be water-laid; In place• up to 50 mm white rhyolitic uh 
pre1ent (may not be primary} 

380 5. 1 30  Shower bedded 1trong brown and browni1h yellow uh and 
lapilli 

820 5.950 Current bedded gravelly �anda; ero1ion break 

390 6.340 Pale brownish grey ma11ive a1h with 1cattered pumice 
lapilli 

570 6.91 0 3 1 0  mm Very pale brown a1h, 1hower bedded and 
ltudded with chalazoidite1 up to 30 mm acro11 

1 00  mm Very pale brown 1hower bedded a1h 
40 mm Pale yellow 1hower bedded a1h 
1 20 mm Pale yellow 1hower bedded fine and coar1e uh; 

•harp contact with 
2000. 8.9 1 0  Tuff, lapilli tuff and alluvium 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Form��tion Member 

Onetapu Formation unnamed 

Mangaio Formation 

Manutahi Formation unnamed 

7Papakai Formation 
and Hinemaiaia Tephra 

Manutahi Formation unnamed 

A98 

Rangipo Section 1 [R 1 I 

T20/4 1 0035 

A large cutting approx. 200 m south of Death Valley, 

Rangipo Desert 

Unit Cum. Deacriptlon 

Depth Depth 

(mm) (m) 

0.000 Grey unda and gravel• unconformably overlying Mangaio 
Formation 

2000 2.000 Yellowiah brown ( 1 0YR5/6) and grey (2.5Y6/0) aandy clay-
undy clay loam textured matrix; with matrix·aupported 
andeaitic pebble• to bouldera, and hydrothermally altered 
cl81ta; Three unit• preaent; upper unit contain• finer, 
dominantly coarae pebblea; lower unit contain• dominantly 
cobblea; aharp baul contact marked by thin Iron pan above 
Manutahl Formation depoaita 

3 1 0  2 . 3 1 0  Weakly bedded unit compriaing pebble-rich, und-rich, and 
aandy loam textured beda, diacontinuoua; pebble-rich beda 
are poorly aorted and compriae diatinctly rounded, 
dominantly medium pumice pebble• and aubrounded and 
angular andeaitic pebblea, with aome aand and granulea; 
within theae bed a are pocket• of cl81t·aupported pebblea; 
und-rich beda are well aorted and compriae olive grey aand 
and granulea, with aome ahowing low-angle crou-bedding 

420 2.730 Olive and black und-rich bed• compriaing moderately well 
aorted and bedded coarae and fine aand; beda generally 
< 1 0  mm; aome bed a grade laterally to pebble-rich beda 

60 2.790 Dark yellowiah brown (1 0YR4/4) medium loamy aand 
textured unit, with common fine andeaitic pebblea; 
prominent unit 

1 1 0  2.900 Altemating pebble-rich and coarae aand-rich beda, generally 
< 20 mm depth; pebble a are fine and diatinctly rounded 

80 2.980 Olive coarae und, with granule• and pebblea; ungraded 

30 3.0 1 0  Brown medium undy clay loam textured unit 

30 3.040 Peblile-rich bed, compriaing rounded andeaitic and pumice 
pebblea, with some und and granule• 

40 3.080 Brown very fine loamy textured und 

1 80 3.260 Weakly bedded aanda and pebblea, with aand laminae at 
top of unit 

1 60  3.420 Dark yellowiah brown ( 1 0YR4/4) coarae undy loam 
textured aah, with brown coated root channela. 
Interbedded within thia unit are black 81h·1 member and 
white coarae pumiceoua rhyolitic aah (Hinemaiaia Tephra); 
prominent unit 

200 3.620 Weakly bedded unit compriaing interbedded black medium 
and coarae aand·rich beda, granule-rich beda, and pebble· 
rich beda; pebble-rich bed• compriae red, black and grey 
dominantly fine, rounded andesitic pebble• and brown 
rounded pumice pebblea 

460 4.080 Weakly bedded unit comprising interbedded aand·rich beda, 
pebble-rich bed a and prominent brown aandy loam textured 
bed a 

1 1 0 4. 1 90 Brown fine aandy loam textured unit with common 
andeaitic granulea, and brown coated root channela; 
prominent unit 

1 800 5.990 Weakly bedded unit compriaing diacontinuoua, thin pebble· 
rich bed a, and fewer aand-rich and aandy loam textured 
beda; pebble-rich beda compriae dominantly coarae, 
rounded pumice and andeaitic pebblea, with aome aand and 
granulea, with pocket• of claat-aupported pebblea; aome 
bed• are dominated by pumice pebblea and othera by 
andeaitic pebblea; moat are ungraded but aome ahow 
normal grading; other beda compriae bedded grey and 
brown fine aand 

1 30  6. 1 20 Brown allt with interbedded laminae of grey very fine aand 



ForfTJIItion Member 

Manutahi Fonnation unnamed 

Unit 

Depth 

(mm) 

1 200. 

Cum. 

Depth 

(m) 

7.320 

A99 

Description 

Weakly bedded unit comprising brown fine .. ndy loam 
textured beds and fewer pebble-rich, and .. nd-rich beds; 
beds generally 30 - 1 00  mm depth and discontinuous; 
pebble-rich beds are ungraded and comprise mostly 
rounded clast-supported pumice pebbles; sand dominant 
beds comprise bedded coarse to fine sands, some show 
low-angle cross-bedding 

MASS EY U rJiVERSirt 
liBRARY 



Section Name and Map Code: 

Grid Reference: 

Locality: 

FortrnJtion Member 

Makahikatoa Sands 

Tufa Trig Formation member Tf5 

Makahikatoa Sands 

Bullot Formation Ngamatea lapilli-1 
(upper) 

unnamed 

Tangatu Formation unnamed 

A 1 00 

Rangipo Section 2 [R2J 

T20/4 1 7 9 8 1  

A n  exposure in the face o f  escarpment along the eastern 

margin of Karioi Forest, and approx. 300 m south of 

Wahianoa Aqueduct 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

230 0. 230 Brownish gray sandy loam textured unit 

40 0.270 Black coarae aah 

1 40 0.410 Dark yellowish brown ( 1 0YA4/4) medium und loam 
textured unit; Indistinct basal contact 

70 0.4BO Strong brown (7.5YA5/6 - 5/8) fine pumice lapilll and grey 
fine lithic lapilli; soft pumice; ungraded unit 

1 1 0 0.590 Greyish brown aah with central bed of orange and black 
coarse ash; prominent unit; sharp contacts 

1 20 0.7 1 0  Yellowish brown ( 1 0YA5/6 - 5/8) sandy loam textured ash 
with scattered very fine orange pumice, and grey lithic 
lapilli; interbedded 20 mm from top of unit - grey coarse 
ash, pocketing, firm; distinct contacts 

90 O.BOO 70 mm Brownish yellow ( 1 OYA6/6), and pale yellow 
(2.5Y7/4, dry) dominantly medium pumice 
lapilli, with olive grey interiors, and grey and 
black lithic lapilli; angular lapilli; ungraded unit; 
with 20 mm dark grey coarse ash baae 

1 40 0.940 Yellowish brown ( 1 0YA5/6) coarse sandy loam, becoming 
undier toward base; prominent unit, with many brownish 
yellow very fine pumice lapilli; with common brown coated 
root channels; 

BO 1 .020 Yellowish brown ( 1 0YA5/6 - 5/8). and pale yellow 
(2.5Y8/4, dry). with light grey (2.5Y7/2) Interior, 
dominantly medium pumice lapilli and few lithic lapilli; with 
matrix of very fine platy, angular, pumice fragments, and a 
5 mm thick distinctive pale grey aah top 

30 1 .050 Grey (5Y6/1 - 5Y5/ 1 )  medium ash 

40 1 .090 Pale yellow dominantly fine, with very fine pumice lapilli 
and black and grey lithic iapilli; loose, aubrounded lapilli; 
reveraely graded unit; sharp basal contact 

70 1 . 1 60  Brownish grey coarse undy loam textured ash with 
abundant very fine lithic and pumice lapilli; indiatinct basal 
contact 

70 1 . 230 Pale yellow (2.5Y7/4) dominantly medium pumice (apilli, 
with olive Interiors, and grey lithic lapilli, with coarse ash 
matrix; sub angular lapilli; ungraded unit 

90 1 . 320 light olive brown (2.5Y5/4) medium-fine undy loam 
textured ash, with cracked exterior and many pale brown 
coated root channels; firm, prominent ash; with scattered 
fine pumice and lithic lapilll; iron-stained wavy contacts; 
paleoaol 

1 30 1 .450 Yellowish grey medium loamy und to undy loam textured 
granule-rich matrix; with abundant fine andeaitic pebbles 
and some pumice pebblaa; distinct sharp contacts; 
7hyperconcentrated flood flow depoait 

20 1 .470 Pale yellow and grey fine sand and granules; sharp wavy 
contacts 

1 40 1 .6 1 0  Coarse und and granule matrix; with abundant fine grey, 
red and black andeaitic pebbles, common fine pumice 
pebbles, and few cobbles; maximum claat 230 mm; 
aubangular claata; with lenses of cross bedded sands and 
fine pebbiea; sharp wavy contacts; 7debria flow deposit 

1 1 0 1 .720 Light brownish grey gleyed (2.5Y6/2) fine undy loam, with 
light yellowish brown (2.5Y6/3) mottling and common 
brownish yellow (1 0YA6/6) and dark brown coated root 
channels; brownish yellow ( 1 0YA6/6) iron-stained 
contacts; paieosol 



Form��tion 

Tangatu Formation 

Bullot Formation 
(upper) 

Tangatu Formation 

Bullot Formation 
(upper) 

Waiohau Tephra 

Bullot Formation 
(upper) 

Tangatu Formation 

Member 

unnamed 

unnamed 

unnamed 

Shawcroft Tephra 

unnamed 

Unit 

Depth 

(mm) 

1 90 

Cum. 

Depth 

(m) 

1 .9 1 0  

A 1 0 1  

De6cription 

Grey poorly sorted granule and sand matrix; with matrix­
supported, dominantly medium red, grey and black 
andesitk: pebbles, cobbles, some pumice pebbles, and 
lenses of pebbles maximum cleat 1 90 mm; aubangular and 
aubrounded claata 

30 1 . 940 Pale brown fine sand with scattered andeaitk: pebbles; 
wavy basal contact 

80 2.020 Pale grey coarse sand and granule matrix; with abundant 

90 

70 

50 

70 

60 

1 20 

1 70 

1 00  

40 

40 

60 

60 

1 20 

2. 1 1 0 

2. 1 80  

2 . 230 

2.300 

2.360 

2.480 

2.650 

2.750 

2.790 

2.830 

2.880 

2.940 

fine and medium, dominantly grey andeaitk: pebbles, and 
black acoria; with pale grey medium-fine pumice pebbles; 
aubrounded pebbles; ungraded unit; debris flow deposit 

Dark yellowish brown (1 0YR4/41 medium sandy loam, 
friable; with few root channels and common very fine 
lapilli; paleoaol 

Dominantly fine and very fine pumice and lithic: lapiUi, with 
basal 20 mm dominantly coarse ash, and a pale grey firm 
ash at top; reveraely graded unit 

Pale yellow fine pumice lapilll and grey lithic lapilll, 
distinctive, with coarse sandy loam textured ash matrix; 
distinct contacts 

Dark yellowish brown (1 0YR4/41 fine sandy clay textured 
ash, sticky, with many dark brown coated root channels; 
with common scattered yellow fine lapllll at base; paleosol 

Olive medium aand 

Grey fine sand and granule matrix; with scattered fine 
andesitic pebbles; hyperconcentrated flood flow deposit 

Grey medium sand and granule matrix; with andesitk: 
pebbles and some pumice pebbles; aubangular and angular 
lithk:s and subrounded pumice; with pockets of clast­
aupported pebbles; slightly finer sand dominant basal 
60 mm; sharp wavy basal contact; debris flow deposit 

Pale grey fine and very fine lithic lapilll and strong brown 
(7.6YR5/6 - 5/81 pumice lapilli, loose, gravelly texture; with 
a strong brown (7.5YR5/6 - 5/81 pumice dominant base; 
discontinuous unit, with scoured upper contact 

Pale brown fine to very fine sandy loam textured ash 

White very fine ash, pocketing 

Black-purplish black very fine sandy ash, discontinuous 

Yellowish brown ( 1 0YR5/41 medium sandy loam textured 
medial unit, showing paleosol development; with many 
very fine and fine pale yellow pumice lapilli and common 
grey lithic: lapilli, and a pocketing black coarse ash near 
base; with common pale brown coated root channels 

3.060 Grey coarse sand and granule matrix, poorly bedded; with 
fine andesitk: pebbles and common rounded pumice 
pebbles; with pumice-rich bed a at top and base of unit, and 
a central bed of dominantly black andeaitk: pebbles; 
7hyperconcentrated flood flow deposit 

320 3.380 Grey granule-rich and sand matrix; with many matrix-
supported medium pale yellow pumice pebbles and fewer 
red and black andesitic pebbles, rounded; with scattered 
andesitk: cobbles; top of unit comprises weakly bedded 
granule dominant and pebble dominant beds; fine basal 
60 mm comprising only granules and sand; rest of unit is 
ungraded; debris flow deposit grading to hyperconcentrated 
flood flow deposit 

340 3.720 1 1 0 mm Bedded sands and pebbles; 50 mm thick beds 
comprising fine pebble-rich beds and sand-rich 
beds; pebble-rich beds contain abundant pumice 
pebbles, and andesitic pebbles 

230 mm Bedded sands and pebbles, comprising fine and 
medium pebble-rich beds, dominated by either 
pumice or andesitic pebbles, and granule-rich 
beds with sand; sharp bed contacts; 
hyperconcentrated flood flow deposit 



A 1 02 

Formetion Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

Tangatu Fonnation unnamed 1 30  3.850 Grey coarse send end granule matrix, moderately well 
sorted sends; with matrix-supported distinctive red end 
grey medium to coarse endeaitic pebbles, aubengular and 
angular, end some pale yellow fine pumice pebbles, 
rounded; ungraded unit with coarser cleats than overlying 
unit; sharp basal contact; debria flow depoait 

1 40 3.990 Grey grenule·rich and coarse sand matrix; with cleat-
supported fine end medium black end red endeaitic 
pebbles, end occasional hydrothennelly altered pebbles; 
aubengular pebbles; some rounded pumice pebbles; unit 
shows reverse grading from • sand end granule-rich base 
to fine pebble-rich top; sharp basal contact; debris flow 
deposit grading laterally to hyperconcentreted flood flow 
deposit; unit wedges out 

420 4.41 0 Send and granule matrix, moderately well sorted; with 
matrix-supported dark red, pale grey end black endeaitic 
dominantly medium and coarse pebbles, with some pumice 
pebbles; angular and protruding cleats; reveraely graded 
unit; top 250 mm distinctly more cleat-rich; sharp basal 
contact 

1 70 4.580 Poorly sorted sand and granule matrix; with fine and 
scattered medium to very coarse endealtic pebbles; unit 
shows nonnal to reverse grading from base to top; with 
weakly bedded base; sharp wavy basal contact; 
hyperconcentrated flood flow deposit 

Tangatu Fonnation unnamed 230 4.81 0 Granule-rich and sand matrix; with matrix-supported 
dominantly medium and fine brown pumice pebbles, with 
some scattered black acoria pebble• end cobbles; 
lithologically distinctive unit; pumice-rich bed a occur et top 
and base of unit; debris flow deposit 

40 4.850 Grey fine sandy loam textured medial unit, with scattered 
pumice lapilli 

Bullot Fonnation unnamed 80 4.930 Pale brown and strong brown dominantly fine pumice lapilli 
(upper) with fine end very fine lithic lapilli; alight reverse grading 

1 1 0 5.040 Pale brown and pale yellow dominantly fine, end very fine 
pumice lapilli, soft; nonnally graded to very fine lapilll 
dominant top 

20 5.060 Coarse sandy ash and very fine lithic lepilll 

360 5.420 Bedded fine pumice lapilli and coarse ash; beds 60 mm 
thick, comprising dominantly fine pumice end lithic lepilli; 
lowennoat bed has very dark grey fine lithic lapilll 
concentrated at base; distinct contacts 

Tangatu Fonnation unnamed 1 60  5.580 Loamy sand and granule matrix, poorly aorted; with matrix-
supported dominantly fine andeaitic pebbles, and scattered 
cobbles; rounded clasts; indistinct contacts 

1 30  5.710 Loamy sand to sandy loam textured medial unit, with 
scattered pumice lapilli and andeaitic pebbles 

unnamed 360• 6.070 Yellowiah brown ( 1 0YR5/4) medium to coarse loamy sand 
textured matrix; with some acattered dominantly medium 
andeaitic pebbles; maximum claat 40 mm; 
7hyperconcentrated flood flow deposit 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Formlltion Member 

Papakai Formation 

Bullot Formation 7Ngamatea lapilli-1 
(upper) 

unnamed lapilli (7UI,) 

unnamed 

Te Heuheu Formation unnamed 

A 103 

Rock Road [RR) 

T20/322941 

A cutting within a drainage channel adjacent to Rock Road, 

Karioi Forest 

Unit Cum. Deacription 

Depth Depth 

(mm) (m) 

0.000 Disturbed surface tephra cover; Dark brown fine .. ndy 
loam textured .. h and reworked white Taupo Pumice lapilli 

770 0.770 Dark yellowish brown (1 0YR4/4) fine sandy loam text�Ked 
ash; moderately well developed fine nut and crumb 
structure; ba .. l 1 00 mm contains interspersed fine pumice 
and lithic lapilli; indistinct ba .. l contact 

1 20 0.890 Strong brown fine and medium pumice lapilll, and grey 
lithic lapilli; loose lapilli 

70 0.960 Dark yellowish brown (1 0YR4/4) fine sandy loam textured 
medial unit; slightly greasy; with scattered fine pumice and 
lithic lapilli 

1 50 1 . 1 1 0  30 mm Strong brown coarse .. h 
50 mm Coarse ash and fine lapilli, with sandy loam 

textured ash matrix 
80 mm Strong brown fine and medium dominantly 

pumice lapilli, and lithic lapilli; few coarse lapilli 

1 40 1 . 250 Yellowish brown ( 1 OYRS/61 coarse sandy loam textured 
medial unit; with many very fine pumice and lithic lapilli 

250 1 .500 Dark yellowish brown (1 0YR4/4) medium .. ndy loam 
textured unit, very gre .. y; with distinct root channels; 
paleosol 

40 1 .540 Fine pumice and lithic lapilli and coarse ash; loose lapilli; 
gravelly texture; ungraded 

30 1 .570 Fine .. ndy loam textured ash 

1 70 1 . 740 Strong brown fine and very fine pumice lapilli and black 
lithic lapilli; loose with gravelly texture; reversely graded 
unit, grading from dominantly fine lapilli upwards to coarse 
.. h; sharp basal contact 

1 50 1 .890 Dark brown (1 0YR4/3) medium .. ndy loam textured medial 
unit, greasy; with root channels, and few scattered very 
coarse andesitic pebbles; 

2 1 0  2. 1 00  Dark yellowish brown (1 0YR4/4) fine sandy loam to sandy 
clay loam textured medial unit; with root channels, and 
coarse andesitic pebbles 

370 2.470 Yellowish brown ( 1 0YRS/41 medium sandy loam textured 
matrix; with many matrix-supported red, purplish red, grey 
and iron-stained andesitic pebbles to cobbles; subrounded 
clasts; debris flow deposit 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Form11tion Member 

Taupo Pumice Taupo lgnimbrite 

Mangatawai Tephra 

Papakai Formation 

Waimihia Tephra 

Papakai Formation 

Mangaio Formation 

A 1 04 

Scorpion G ully [SGJ 

T20/435057 

An exposure on the southern side of Scorpion G ully, 

adjacent to a stand of native trees and shrubs 

Unit 

Depth 

(mm) 

1 320 

290 

220 

30 

1 00  

Cum. 

Depth 

(m) 

1 .320 

1 .6 1 0  

Description 

White poorly aorted coarae and fine .. h and lapilli, with 
charcoaliaed branchea; aharp amooth contacta; overlain by 
Onetapu Formation debria flow depoaita 

10 mm Darlc yellowiah brown ( 1 0YR4/4) fine aandy 
loam textured aah, greaay, with brown coated 
root channela; paleoaol 

1 90 mm Black coarae aah beda, pocketing, with darlc 
yellowiah brown aandy loam textured interbeda; 
diatinct contact• 

1 . 830 Strong brown (7. 5YR5/6), yellowiah brown ( 1 OYR5/81 and 
olive grey (5Y5/21 medium undy clay loam textured aah, 
greaay, with atrong brown mottlea and coated root 
channela; •harp di1tinct boundariea; paleo1ol 

1 . 860 Pale brown to white fine a1h 'cream cake•', interbedded 
in aandy clay loam textured Papakai Formation 

1 .960 Strong brown (7.5YR5/6) and olive grey (5Y5/2) medium 
undy clay loam textured .. h. greaay, with yellowiah 
brown ( 1 0YR5/8) mottle• and coated root channel•; aharp 
lower boundary; paleoao( 

5.060 630 mm Unit 1 :  yellowi•h brown ( 1 0YR5/8) and light 
grey (2.5Y7/0 and 7/2) medium undy clay 
textured matrix with lithic granule•; with matrix­
•upported, dominantly pale yellow (2.5Y8/4) 
and white (5Y8/2), aoft, hydrothermally altered 
lithic claat1 and common grey, red, and black 
dominantly coarae andeaitic pebble• and 
cobble• (maximum cleat 1 00  mm); 
hydrothermally altered cl .. ta are concentrated 
in upper 1 50 mm; ungraded; diatinct lower 
contact 

620 mm Unit 2: atrong brown (7.5YR5/8), grey (5Y6/1 ) 
and light grey (2.5Y7/0) fine 1andy clay 
textured matrix, aticky; with matrix-aupported, 
black, grey, red ande1itic cobble• and pebble• 
(maximum cla1t 1 50 mm) with iron-atained 
facea; coar1er claat1 overall than in unit 1 ,  and 
fewer pale yellow and white hydrothermally 
altered cla1t1 

1 850 mm Grey (2.5Y6/0 and 5/01. purpliah grey gleyed, 
and atrong brown (7.5YR5/8) mottled coarae 
aandy clay textured matrix; with matrix­
aupported dominantly pale yellow and white 
hydrothermally altered lithic cl .. tl, grey, red 
and black andeaitic pebble1, cobble• (dominant) 
and boulder• (maximum cleat 3 m) 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Formation Member 

Onetapu Formation unnamed 

Taupo Pumice Taupo lgnimbrite 

Mangatawai Tephra 

Mangatawai Tephra 

Papakai Formation 

Waimihia Tephra 

Papakai Formation 

Mangaio Formation 

A 1 05 

Scorpion Gully Section 1 [SG 1 I 

T20/442054 

A shallow exposure on the southern side of Scorpion Gul ly,  

and at the junction with a vehicle track located approx. 

50 m west of Whangaehu River 

Unit 

Depth 

(mm) 

1 800 

270 

1 1 0 

1 90 

320 

1 1 0 

1 0  

1 60 

1 1 0 +  

Cum. 

Depth 

(m) 

1 . 800 

2.070 

2. 1 80 

2. 370 

Description 

Grey andesitic diamictona with matrix-supported andeaitic 
pebbles, cobbles and boulders; debris flow deposita 

White poorly sorted fine and coarse ash; discontinuous, 
with sharp erosional contacts 

Yellowish brown (1 OYRS/61 fine sandy clay textured aah, 
with dark coated root channels; paleosol 

Strong brown (7. SYRS/61 greasy sandy clay textured 
matrix; with many matrix-supported white hydrothermally 
altered fine and medium hydrothermally altered lithic 
pebbles, and grey andesitic pebbles; ungraded; sharp wavy 
and iron-stained contacts; debris flow deposit 

2.690 1 00 mm Dark yellowish brown (1 0YR4/41 fine sandy 

80 mm 

loam textured ash, greasy; with dark brown 
coated root channels; paleosol 
Dark greyish brown (2.5Y4/21 fine sandy loam 
textured ash, greasy; with iron-stained, and 
imogolite-coated root channels; indistinct lower 
contact; paleosol 

1 40 mm Dark grey and black coarse ash beds, with 
greasy, fine sandy loam textured ash interbeda 

2.800 Dark greyish brown (2.5Y4/21 medium sandy loam textured 
ash, very greasy; with yellowish brown mottlea and iron­
stained root channels; paleosol 

2 .810 Pale brown fine ash 'cream cakes' interbedded in greasy 
fine sandy loam textured ash 

2. 970 Yellowish brown (1 0YRS/61 fine sandy loam, greasy; with 
iron-stained root channels and scattered pebbles at base; 
distinct lower contact 

3.080 Strong brown (7.5YRS/61 and grey (2.5Y6/0I greasy sandy 
clay textured matrix, with many matrix-supported white 
hydrothermally altered lithic clasts; debris flow deposit 



Section Name and Map Code: 

Grid Reference: 

Locality: 

ForiTIIItion Member 

Onetapu Formation unnamed 

Mangaio Formation 

A 1 06 

Scorpion G ully Section 2 [SG21 

T20/432062 

At a fork in a tributary channel of Whangaehu River, located 

on the north side of Scorpion G ully (see Plate 5 . 1  0) 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

1 000 1 .000 Grey fine to very coarae aand and granule matrix; with 
dominantly grey, with red and few black ande.itic pebbles, 
cobbles and boulders, and few hydrothermally altered lithic 
pebbles; upper 750 mm more clast-rich; maximum claat 
1 m; debris flow deposit 

380 1 .380 Grey fine-medium sand and granule matrix; with many 
subrounded black scoria and common white and orange 
hydrothermally altered fine to very coarse lithic pebbles, 
and few scattered boulders; reversely graded unit, with 
basal 1 00 mm comprising poorly sorted fine to coarse 
pebbles; debris flow deposit 

1 80  1 .560 Dark grey fine-medium aand matrix; with many fine to 
medium black scoria pebbles, and few cobbles to boulders, 
with few white end orange hydrothermally altered lithic 
pebbles; maximum clast 200 mm; reveraely graded unit, 
with finer baae; indistinct upper contact; debris flow 
deposit 

1 20 1 .680 Dark grey medium to coarse aand and granule matrix; with 
many fine to coarse andesitic pebbles, and fewer cobbles 
and boulders; reversely graded unit; distinct contacts; 
debris flow deposit 

220 1 .900 Dark grey medium to coarse aand matrix; with many 
heterolithologic, red and grey subangular andesitic cobblea, 
and pebbles, and few orange hydrothermally altered 
pebbles; with aand and granule-rich upper 1 00  mm; diatinct 
sharp wavy contacts; debris flow deposit; erosional 
unconformity 

2000 • 3.900 Yellowiah brown ( 1 0YR5/81 and light grey (2.5Y7/0) greasy 
sandy clay textured matrix; with matrix-supported andeaitic 
pebbles and cobbles 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Formt�tion Member 

Bullot Formation Ngamatea lapilli-2 
(upper) 

Ngamatea lapilli-1 

?Pourahu Member 
[tephra unit) 

unnamed 

unnamed 

Shawcroft Tephra 

unnamed 

Waiohau Tephra 

Bullot Formation unnamed 
(upper) 

unnamed 

A 1 07 

Shawcroft Road [SRI 

T20/385937 

A cutting on Shawcroft Road, overlooking Whangaehu River 

Unit Cum. De&cription 

Depth Depth 

(mm) (m) 

1 70 0. 1 70 Yellowish brown (1 0YR6/6) medium to fine sandy loam 
textured medial unit, showing paleoaol development; with 
coated root channels, and many yellow fine pumice lapilli; 
indistinct b .. al contact 

1 20 0.290 Brownish yellow ( 1 0YR6/61 dominantly fine, with few 
medium and coarse pumice lapilli, with grey lnteriora, and 
fewer lithic lapilli; and some sandy loam textured aah; 
sharp b .. al contact 

40 0.330 Pale brown fine sandy loam textured medial unit, ahowing 
paleoaol development; with common brown coated root 
channel• and scattered very fine pumice and lithic lapilli 

BO 0.4 1 0  Browniah yellow ( 1 OYR6/6) dominantly fine pumice lapilli, 
with light olive brown (2.6Y6/4) lnteriora; firm pumice; 
ungraded unit 

1 20 0.530 Light yellowish brown (1 0YR6/4) medium sandy loam 
textured medial unit; with root channela and acattered pale 
yellow very fine pumice, and grey lithic lapilli; 

1 50 0.680 Pale yellow (5Y7/3) dominantly fine pumice lapllll, with 
same coloured Interiors and grey and black lithic lapilll; 
common medium, some coarse, and few very coarae 
pumice and lithic lapilli; loose, gravelly texture; with finer 
lithic dominant basal 50 mm 

BO 0.740 Yellowish brown (1 0YR5/6) sandy loam textured medial 
unit, showing paleosol development; common dark brown 
coated root channels, and many very fine pale yellow 
pumice lapilli scattered throughout 

30 0.770 1 0 mm Black coarae ash, firm 
20 mm Pale grey coarse aah 

70 0.840 Yellowish brown ( 1 0YR5/6) coarae aandy loam textured 
medial unit, with some root channela and many very fine 
pumice and lithic lapilli; lndiatinct lower contact 

BO 0.920 Pale yellow (5Y7/3) and aome iron-atained yellow 
( 1 OYR7/61 dominantly fine pumice lapilli, and diatinctive 
black lithic lapilli; olive grey pumice interiora; with coarae 
loamy textured ash matrix 

40 0.960 Coarae loamy textured 81h 

1 1 0 1 .070 Brownish yellow ( 1 0YR6/BI and light olive brown (2.5Y5/4) 
fine and very fine pumice lapilll, soft, with pale yellow 
interiora, and very dark grey (5Y3/1 I and black fine and 
very fine lithic lapilli; with pumice dominant b81e; ungraded 
unit 

30 1 . 1 00  Light brownish grey (2.5Y6/21 and iron-stained yellowiah 
brown ( 1 0YR5/6) fine sandy loam textured aah, with 
common dark brown coated root channel• 

1 0  1 . 1 1 0  White fine rhyolitic aah, pocketing 

1 20 1 .230 Medium sandy loam textured medial unit, slightly greasy, 
with scattered fine pumice and lithic lapilli; common root 
channels 

3 1 0  1 .540 Light olive brown sandy loam textured medial unit; with 
dark brown coated root channels, and acattered fine 
pumice and lithic lapilli 

30 1 .570 Pale yellow fine pumice lapilli, aome iron-atained, and grey 
lithic lapilli; ungraded; lndiatinct boundariea 

1 20 1 .690 Light brownish grey (2.5Y6/2) coarae sandy clay loam 
textured medial unit; with aome fine scattered pumice and 
lithic lapilli; and common brown coated root channels; 
indistinct contacts 

30 1 .720 Very fine pumice lapllll in yellowish brown coarse aandy 
loam textured ash 



Fortn�ttion Member Unit 

Depth 

(mm) 

80 

1 60  

70 

Bullot Fonnation and 40 
Rerewhakaaitu Tephra 

Te Heuheu Formation unnamed 30 

50 

1 50 

1 500• 

Cum. 

Depth 

(m) 

1 .800 

1 .960 

2.030 

2.070 

2. 1 00  

2 . 1 50 

2. 300 

3.800 

A 1 08 

Description 

Pale purplish grey coarse sandy clay loam; with iron-stained 
contacts; paleosol 

Light brownish grey (2. 5Y6/2) sandy clay textured ash, 
greasy, with dark brown (7.5YR4/4) mottlea and many 
dark brown coated root channels; paleoaol 

Strong brown (7.5YR6/8) Iron-stained sandy clay loam 
textured medial unit; with abundant very fine pale yellow 
and strong brown iron-stained pumice lapiHI scattered 
throughout; sharp contacts 

Brown very fine sandy loam textured aah, with interbedded 
very fine white rhyolitic aah 

Strong brown iron-stained sandy clay loam textured matrix, 
with scattered line of cobbles at base 

Andeaitic cobbles in fine sandy loam texture matrix; 
maximum claat 70 mm 

Pale brown coarse loamy sand textured matrix; with 
scattered very coarse. and many fine andeaitic pebbles; 
ungraded; sharp contacts; debris flow deposit 

Sand and granule matrix, aemi-lithified; with matrix· 
supported andeaitic boulders, cobbles and pebbles; 
maximum cleat 700 mm; aubangular clasts; pebbles 
concentrated in top 200 mm; debris flow deposit 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Formt1tion Member 

Onetapu Formation unnamed 

Onf 

Onetapu Formation Ond 

A 1 09 

Tangiwai Swamp 

T20/3 1 9 905 

An exposure located within a NW - SE trending drainage 

d itch, and approx. 7 m west along channel from the junction 

with Whangaehu Road, at the southern end of Karioi Forest 

14C site for Onetapu Formation member Ond 

Unit Cum. De•cription 

Depth Depth 

(mm) (m) 

0.000 Disturbed soil surface 

30 0.030 Yellowish grey very fine aand; lenalng unit 

2 1 0  0. 240 Greyish brown loamy .. nd with elongated strong brown 
mottles about root channels, and scattered fine and 
medium andesitic pebble a; distinct contacts 

520 0.760 Grey coarse sand and granules; with strong brown elongate 
mottlea about root channels and protruding string roots; 
ungraded; hyperconcentrated flood flow deposit 

60 0.820 Very dark greyish brown ( 1 0YR3/21 fine sandy loam 
textured unit, with crumb structure, grading laterally 
eastward a to peaty sandy loam; many protruding stringy 
roots; sharp contacts; paleoaol 

550 1 .370 Grey coarse sand and granule matrix; with abundant 
medium to very coarse andeaitic pebbles; with white aalta 
precipitated on faces of moat cleats; ungraded unit; wood 
from within this unit is radiocarbon dated INZ7465) at 
450 ± 55 years B.P.; base of the unit ia not exposed 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Formstion Member 

Onetapu Formation unnamed 

unnamed 

unnamed 

Taupo Pumice Taupo lgnimbrite 

A 1 1 0 

Tangiwai Swamp Section 3 [TS3J 

T20/3 1 9903 

Cutting on the western bank of Whangaehu River, approx. 

200 m upstream of the Tangiwai rail bridge, Karioi Forest 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

380 0.380 Grey (5Y5/1 - 6/1 ) �and and granule matrix, with matrix· 
supported fine andeaitic pebbles and cobbles; unit la 
reveraely graded, from • dominantly fine pebble b .. e 
( 1 50 mm) to a very coarse pebble dominant top, with 
cobbles; w•vy ba1al contact; debris flow deposit 

1 30  0.510 Grey (5Y6/1 ) medium to coarse sand and fine reworked 
pumice lapllli; ungraded; wavy contacts; hyperconcentrated 
flood flow deposit 

90 0.600 Reworked Taupo Pumice; white coarse to fine pumice 
lapilli; distinct wavy contacts 

5 1 0  1 . 1 1 0  420 mm Greyish brown (2.5Y5/2) very coarse and 
coarse �and, weakly bedded; with laminae of 
greyish brown (2.5Y5/2) medium pumice lapilli; 
sharp basal contact over 

90 mm Light olive grey (5Y6/2) to pale olive (5Y6/3) 
fine pumice pebbles, and grey andeaitic pebbles; 
ungraded; distinct contacts; hyperconcentrated 
flood flow deposit 

1 70 1 . 280 80 mm Greyish brown (2.5Y5/2) medium to co•r•e 
�and and many fine andeaitic and pumice 
pebbles, over 

50 mm Bedded medium to coarse land and fine 
pebbles; sharp contacts, over 

40 mm Bedded light olive grey (5Y6/2) to pale olive 
(5Y6/3) medium and coarse �and; •h•rp 
contacts; hyperconcentrated flood flow deposit 

350 1 .630 Light olive grey (5Y6/2) lithic granules and �and with fine 
and medium andesitic pebbles; reveraely graded unit; 
weakly bedded; scoured sharp wavy b .. al contact; gravel· 
dominated hyperconcentrated flood flow deposit 

80 1 .7 1 0  Grey (5Y5/1 ) to olive grey (5Y5/2) bedded coarse and 
medium �and and granules, with occ•aional scattered 
pebbles; wavy basal contact; hyperconcentrated flood flow 
deposit 

430 2. 1 40 Olive grey (5Y4/2) to olive (5Y4/3) sand •nd granule 
matrix, with matrix-supported medium and coarse andesitic 
pebbles; reversely graded unit, grading upwards from fine 
grained sand and granule basal 1 30 mm, to sand and 
granule matrix with coarse pebbles, and pockets of clast· 
supported pebbles; debris flow deposit 

1 20 2.260 Dark grey (2.5Y5/4) coarse to medium �andy loam textured 
medial unit, showing paleosol development; with scattered 
fine pebbles and some root channels; weak crumb 
structure; sharp boundaries 

430 2.690 Yellowish brown ( 1 0YR5.6, dry) to olive (5Y4/3, moist) 
medium loamy sand textured matrix, with many matrix-
supported fine to very coarse andeaitic pebbles; no 
cobbles; unit shows alight reverse grading 

1 70 2.860 70 mm Pale yellow (2.5Y7/4) poorly sorted ash 
1 00  mm Light brownish grey to brownish grey 

(2.5Y6/2 - 5/2) poorly sorted ash and fine lapilli, 
and charcoal; sharp contacts 

1 00  2.960 Olive brown (2.5Y5/4) coarse sandy loam textured medial 
unit, showing paleoaol development, with many scattered 
andeaitic pebbles and some hydrothermally altered lithic 
granules; common brown coated root channels 



Form11tion 

Mangaio Formation 
(distal deposits) 

Member Unit 

Depth 

(mm) 

470 

Cum. 

Depth 

(m) 

3.430 

A 1 1 1  

Description 

Dark greyi1h brown (2.5Y4/2) grading downward• to olive 
(5Y4/3) coar•e 11nd and granule matrix, poorly •orted; 
with matrix-1upported fine to very coar1e ande1itic pebble• 
and common hydrothermally altered cl .. tl; revertely 
graded unit; b11a1 1 0  mm compri1e1 black (5Y5/2) fine 
•and; •harp b11al contactl; debri1 flow depo1it 

1 20 3.550 Grey 1 1  OYR5/1 ) coar1e 11ndy clay loam textured matrix; 
with white-yellow hydrothermally altered cl11t1 and 1ome 
fine andesitic pebble• with reddi1h brown (5YR3/4) iron­
ltained face•: mottle1 about root channel•: indiltinct ba11l 
contact; ungraded unit; debri1 flow depo1it 

970 4.520 Sandy loam textured matrix, with matrix-•upported coar1e 
and very coar1e, rounded, ande1itic pebble• and 1ome 
cobble•. with dark raddi1h brown (5Y3/4) iron-1tained 
pebble face•: common hydrothermally altered cla1t1; 
ungraded unit; 1harp ba1al contact; debri1 flow depo1it 

1 1 0 4.630 1 00  mm light olive brown (2.5Y5/4) very coar1e to 

1 0  mm 
medium und 
Grey (2.5Y5/0) to purpli1h grey gleyed medium 
11nd with abundant hydrothermally altered lithic 
granules; sharp wavy iron-1tained b11al contact 

380 5.01 0 Olive 15Y5/4) very coar•e 11nd and lithic granule•: wavy 
contact• 

1 90 5.200 Yellowi1h red (5YR5/8) iron-ltained very coarl8 und and 
lithic granule• 

1 50 5.350 Olive very co1sr1e sand with yellowi1h red mottling; 

1 50 •  

prominent white hydrothermally altered lithic granule•: 
di1tinct contact• 

5.500 Purplish grey 11ndy clay matrix, lticky, with yellowi1h red 
mottling and coated root channel•: common fine 
hydrothermally altered pebbles and granule•; b .. a of unit 
not expo1ed 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Formation Member 

Onetapu Formation Onf 

Ond 

One 

Onb 

On a 

Taupo Pumice Taupo lgnimbrite 

A 1 12 

Tangiwai Swamp Type Section [TSJ 

T20/3 1 9906 

An exposure located within a NW - SE trending drainage 
ditch, and approx. 60 m west along channel from the 

junction with Whangaehu Road, at the southern end of 

Karioi Forest 

Description is for a vertical section through deposits seen at 

the west side of the type section 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

1 60 0. 1 60 Very dartc greyish brown ( 1 0YA3/2) fine undy loam 
textured aah; dllturbed present day soil surface 

70 0.220 Yellowish brown coarse pumiceoua aah and very fine 
pumice lapilli; occurring In discontinuous lenses 

1 80  0.400 Pale grey dominantly medium sand, and scattered 
rewortced white fine Taupo Pumice lapilli; with elongate 
mottlea around root channels; hyperconcentrated flood 
flow deposit 

1 50 0.560 Dartc grey ( 1 0YA4/1 J fine loamy sand textured medial unit, 
showing paleoaol development; with some very coarse and 
medium pebbles occurring at 70 mm depth, and scattered 
rewortced pale yellow and white fine Taupo Pumice lapilli 

830 1 .380 Pale grey sand and granule matrix, with abundant, fine, 
dominantly black acoria pebbles, some white fine 
hydrothermally altered pebbles, few very coarse pebbles to 
boulders, and common rewortced fine Taupo Pumice lapilli; 
many long protruding root fibres; hyperconcentrated flood 
flow deposit which grades laterally eastward to debris flow 
deposit; Member ia radiocarbon dated INZ7465] from a site 
east of the type aection at c. 450 years B. P. 

1 80 1 .660 Dartc greyish brown (1 0Yr4/21 to very dartc greyish brown 
(1 0YA3/21 fine sandy loam textured medial unit, ahowing 
paleosol development; with common yellowiah red 
(5YA4/6) elongate mottlea about root channela; weakly 
developed crumb atructure 

40 1 .600 Greyiah brown (2.5Y5/2) fine loamy und 

280 1 . 880 Dartc greyish brown (2.5Y4/21 coarse aand; with scattered 
rewortced fine Taupo Pumice lapilli; common yellowiah red 
(5YA4/6) elongate mottles; hyperconcentrated flood flow 
deposit 

1 20 2.000 Dartc greyish brown (2.5Y4/2) fine sandy loam textured 
medial unit; with concentration of rewortced fine and 
medium Taupo Pumice lapilll 

750 2.750 Grey (2.5Y5/0) to purpliah grey coarse aandy loam textured 
and granule matrix; with yellowiah brown ( 1 OYA5/6) 
mottlea; many matrix-aupported rewortced fine taupo 
Pumice lapilli acattered throughout unit, and many fine and 
medium andeaitic pebblea (with medium pebblea 
concentrated in the top 1 60  mm) and orange-white 
hydrothermally altered pebblea; few cobble• and boulders; 
clast aize gradea laterally eaatwarda to fine pebble; debria 
flow depoait 

90 2.840 Brown (7.5YA5/2J coarae aandy clay loam textured medial 
unit, greaay, ahowing paleoaol development; with abundant 
lithic and many hydrothermally altered granulea; with 
strong brown (7.5YA6/6) mottlea; aharp contact• 

240 3.080 Purpliah grey sandy loam textured and granule matrix; with 
common grey fine and medium andeaitlc pebblea, and 
orange-white hydrothermally altered claats; with strong 
brown (7.5YA5/6 mottlea; sharp contacta; debris flow 
depoait 

80 3. 1 60  White to pale brown fine ash and lapilli, with charcoal; 
atrong brown mottles; aharp smooth contacta 



Formation 

Mangaio Formation 
(distal deposits) 

Member Unit 

Depth 

(mm) 

1 20 

280 

40 

360 

1 50 +  

Cum. 

Depth 

(m) 

3.280 

3.560 

3.600 

3.960 

4. 1 1 0  

A 1 13 

De&cription 

Dark grey ( 1  OYR4/1 ) coarae eandy clay textured medial 
unit, ahowing paleoaol development; aticky; with common 
black coated root channel• 

Yellowiah brown (1 0YR5/6) and grey (2.5Y5/0) gleyed 
coarae eandy clay textured matrix; with many orange-white 
fine and medium hydrothermally altered lithic pebble• 

Grey (2.5Y5/0) medium eandy clay textured matrix, aticky, 
with yellowiah brown ( 1 0YR5/8) mottlea 

Grey (2.5Y5/0) gleyed coarae aandy clay textured matrix; 
with common orange-white fine hydrothermally altered 
lithic pebble• concentrated in baae of unit; many yellowiah 
brown (1 0YR5/8) elongated mottlea about root channel• 

Dark grey ( 1 0YR4/1 ) medium eandy clay textured matrix, 
sticky; with hydrothermally altered lithic granule•; baae of 
depoait not expoaed 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Formation Member 

Onetapu Formation Ong 

Onf 

one. 

Ond 

A 1 14 

Tangiwai Swamp Type Section [TSJ 

T20/3 1 9 906 

An exposure located within a NW- SE trending drainage 

ditch, and approx. 60 m west along channel from the 

junction with Whangaehu Road, at the southern end of Karioi 

Forest 

Description is for a vertical section through channel f i l l  

deposits seen at the east side of the type section 

Unit 

Depth 

(mm} 

450 

Cum. 

Depth 

(m} 

0.000 

0.450 

Dsscription 

Disturbed surface 

Dartc gray (5Y4/1 )  fine to medium sand; with abundant 
yellowish brown 11 0YR5/8) elongated mottlas about root 
channels; protruding fibrous roots; hyparconcantratad flood 
flow deposit 

70 0. 520 Bad dad dartc gray and light gray sand; with scattered fine 
pumice lapilli 

1 20 0.640 Dartc brown fibrous peat with sharp contacts; unit is 

560 

280 

radiocarbon dated !NZ7728) at 282 :t 35 years B.P. 
1 . 200 Dartc greyish brown (2.6Y4/21 medium and coarse sand; 

with many yellowish brown ( 1 0YR5/8) mottlaa about root 
channels and abundant root fibres; hyparconcentrated flood 
flow deposit 

1 .480 1 50 mm Peat; black to very dartc brown fibrous peat with 
wood and interbedded lanae a of sand. Peat la 
radiocarbon dated INZ7388) at 390 :t 56 
years B.P. Wedging in from eastern aide of 
exposure where this peat bifurcates is: 

1 30 mm Vary dartc grey (5Y3/1 ) medium to fine sand; 
with common yellowish brown (1 0YR5/6) 
mottles; hyperconcantrated flood flow deposit 

40 1 .520 Glayed bluish grey to dartc grey (2.5Y4/0) sandy loam 
textured palaoaol, greasy 

80 1 .600 Bluish grey ailty clay loam textured palaoaol, greasy, 

1 900 

plastic; with many root channels; discontinuous unit; sharp 
contacts 

3.500 Very coarse sand and granule matrix, with dartc red 
( 1 0R3/6), grey, and black (2.5Y2/0) dominantly coarse, 
and many fine to vary coarse andeaitic pebbles, and few 
cobbles I <  1 70 mm); white salts precipitated on exposed 
cleat faces; basal 350 mm shows finer clut sizes and a 
coarse and medium sand matrix; unit overall tends reverse 
graded; abundant root channels and fibres, with soma tree 
branches; wood from within this unit is radiocarbon dated 
[NZ7465) at 450 :t 56 years B.P. 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Formlltion Member 

Makahikatoa Sand• 

Tufa Trig Formation unnamed 

Makahikatoa Sand• 

Makahikatoa Sand• & unnamed 
Tufa Trig Formation 

Tufa Trig Formation member Tf5 

Makahikatoa Sands 

Tufa Trig Formation member Tf4 

Makahikatoa Sands 

Tufa Trig Formation member Tf3 

Taupo Pumice Taupo lgnimbrite 

Mangatawai Tephra 

A 1 15 

Top Road [TRJ 

T20/326994 

A shallow cutting on the east side of a ford across and 

unnamed tributary channel at the junction of Top Road and 

Aqueduct Road, Karioi Forest 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

1 80  0. 1 80  Browniah grey fine undy loam textured unit, and overlying 
black preaent day aoil aurface 

1 0  0. 1 90 Very dark grey medium and fine aah; diacontinuoua tephra 

30 0.220 Browniah grey coarae aandy loam textured unit 

70 0.290 Dark yellowiah brown undy loam textured unit, with two 
interbedded dark grey ash beda 

50 0.340 Very dark grey to black coarae aah, and brown very fine 
lapilli; with a 1 0 mm pale grey fine aah baae; diatinct 
contact• 

20 0.360 Brownish grey medium aandy loam textured unit 

20 0.380 Black medium aandy aah; diacontinuoua 

60 0.440 Brownish grey medium sandy loam textured unit 

20 0.460 Black medium sandy aah; pocketing; indiatinct tephra 

1 20 0.580 Yellowiah brown fine undy clay loam textured unit, 
greasy, with root channela; aome fine lapilli and 
interspersed charcoal fragmenta; paleosol; diatinct baul 
contact 

430 1 .0 1 0  White poorty aorted aah and fine pumice lapilli, with 
charcoal; aharp diatinct contact• 

so• 1 .060 Dark brown undy clay loam textured aah, very greaay; 
paleoaol; baae of tephra not expoaed 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Formation Member 

Makahikatoa Sands 

Tufa Trig Formation member Tf1 8  

Makahikatoa Sand• 

Tufa Trig Formation member Tf1 7  

Makahikatoa Sands 

Tufa Trig Formation member Tf1 6  

Makahikatoa Sands 

Tufa Trig Formation member Tf1 5 

Makahikatoa Sands 

Tufa Trig Formation member Tf 1 4  

Makahikatoa Sands 

Tufa Trig Formation member Tf1 3  

Makahikatoa Sands 

Tufa Trig Formation member Tf1 2  

Makahikatoa Sands 

Tufa Trig Formation member Tf1 1 

Makahikatoa Sands 

Tufa Trig Formation member Tf 1 0  

Makahikatoa Sands 

Tufa Trig Formation member Tf9 

Makahikatoa Sands 

Tufa Trig Formation member Tf8 

A 1 1 6 

Tufa Trig Section 1 [TT 1 )  

T20/378045 

Cutting in the face of a dune at the top end and west side 

of main Road, Karioi Forest. 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

1 00  0. 1 00  Very dari( brown ( 1 0YR2/2) organic-rich medium and fine 
land 

20 0. 1 20 Very dari( grey (2.5Y3/0) pocketing, loamy coar•e a1h; 
di1tinct contact• 

1 70 0.290 Very dari( greyi1h brown ( 1 0YR3/2) fine 111ndy loam 
textured unit with few very fine orange pumice lapilli; many 
fine root• 

20 0.3 1 0  Very dari( grey (2.5Y3/0) pocketing coar1e 111h with 
(2.5Y4/2) fine ash base and top; di1tinct contact• 

1 50 0.460 Very dar!( greyish brown (1 0YR3/2) fine 111ndy loam 
textured unit with many disper1ed very fine orange pumice 
lapllli 

20 0.480 Very dari( grey (2.5Y3/0) loamy coar1e 111h; di1tinct 
contact• 

20 0.500 Oar!( brown (1 0YR3/3) fine sandy loam textured unit; 
indistinct lower contact 

1 0  0.5 1 0  Very dari( grey (2.5Y3/0) strongly pocketing coar1e ash 

280 0.790 Dark brown (1 0YR3/3) to dari( yellowi•h brown (1 0YR3/4) 
fine 111ndy loam textured unit; with few 1cattered very fine 
orange pumice lapilli; common root• 

45 0.835 20 mm Black (5Y2/1 ) loamy coar1e 111h 
1 0  mm Black ( 1 0YR2/ 1 )  loamy coar1e 111h 
1 5  mm Black ( 1 0YR2/1 ) coar1e 111h; laterally 

continuou• member 

55 O.B90 Very dar!( greyish brown (1 0YR3/2) medium 111ndy loam 
textured unit, with crumb ltructure; paleoaol 

1 5  0.905 1 0 mm Black ( 1 0YR2/1 ) coar•e 111h 
5 mm Oar!( greyish brown (2.5Y4/2) fine 111h b111e; 

pocketing 

1 5  0.920 Very dari( greyi1h brown (1 0YR3/2) fine 111ndy loam 
textured unit, with crumb 1tructure; paleo1ol 

1 2  0.932 1 0 mm Black (1 OYR2/1 ) coarse ash; pocketing 
2 mm Oar!( greyish brown (2.5Y4/2) fine ash base; 

pocketing 

20 0.952 Very dar!( greyish brown (1 0YR3/2) fine 111ndy loam 
textured unit, gre111y, with crumb 1tructure; paleo1ol 

20 0.972 5 mm Oar!( greyish brown (2.5Y4/2) fine ash 
15 mm Black (5Y2/1 ) coar1e a1h with pumice; weak 

reverie grading 

30 1 .002 Very dari( greyi•h brown ( 1 0YR3/2) medium to fine 1andy 
loam textured unit, with crumb 1tructure; paleo1ol 

20 1 .022 5 mm Oar!( greyi•h brown (2.5Y4/2) coar•e 111h 
10 mm Black (5Y2/1 ) coarse ash 
5 mm Oar!( greyish brown (2.5Y4/2) coar1e 111h 

40 1 .062 Very dari( greyish brown ( 1 0YR3/2) medium to fine 111ndy 
loam textured unit, with crumb 1tructure; paleo1ol 

25 1 .087 5 mm Grey fine aah 
1 0 mm Black (5Y2/1 ) coarse ash 
5 mm Grey fine ash 

1 0  1 .097 Very dark greyish brown ( 1 0YR3/2) fine aandy loam 
textured unit 

60 1 . 1 57 30 mm Black coar1e 111h; normally graded 
5 mm Grey coarse 111h 
20 mm Coarse pumiceou1 ash with many dari( greyi•h 

brown (2.5Y4/2) very fine pumice lapilli; 
diltinctive unit 

5 mm Grey coar1e ash 



A 1 1 7 

Formation Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

Makahikatoa Sands unnamed 26 1 . 1 82 Dark brown ( 1 0YR3/31 fine aandy loam textured unit, with 
dark brown (7.5YR4/41 mottlea and many root channela; 
paleoaol 

Tufa Trig Formation member Tf7 30 1 .2 1 2 Black (5Y2/ 1 1  bedded coarae-fine-coarae aah; gradational 
lower contact 

member Tf6 70 1 . 282 1 0 mm Fine aah 
30 mm Dark greyiah brown (2.5Y4/21 and black 

(1 OYR2/1 1 coarae aah with very fine pumice 
lapilli 

30 mm Black ( 1 0YR2/1 1 coarae aah 

Makahikatoa Sands 60 1 .342 Very dark greyiah brown ( 1 0YR3/21 to dark brown 
(7.5YR4/21 fine undy loam textured unit, greaay, with 
atrongly developed coarae crumb atructure; paleoaol 

Tufa Trig Formation member Tf5 75 1 .4 1 7  1 0 mm Very dark greyiah brown ( 1 0YR3/21 fine aah 
60 mm Black coarse aah and very dark greyiah brown 

( 1 0YR3/21 and black ( 1 0YR2/1 1 very fine to fine 
vitric lapilli; few red lithic lapllli 

5 mm Dark olive grey fine aah 
Sharp contacta; reverae to normal grading; laterally 
continuoua member 

Makahikatoa Sands 1 00  1 .5 1 7  Very dark greyish brown (1  OYR3/2 - 2.5Y3/21 aandy loam 
textured unit, alightly greasy, with diatinctive dark coated 
root channels; paleosol 

Tufa Trig Formation member Tf4 20 1 .537 5 mm Grey fine aah 
1 5  mm Very dark greyish brown (1 0YR3/21 fine aandy 

loam, pocketing 

Makahikatoa Sands 1 90 1 .727 1 20 mm Very dark greyish brown ( 1 0YR3/21 fine undy 
loam textured unit 

5 mm Interbedded white fine aah, pocketing 
70 mm Dark brown (7.5YR4/21 greasy sandy clay loam 

textured unit, with weakly developed nut and 
crumb atructure 

Tufa Trig Formation member Tf3 1 0  1 .737 Very dark greyish brown (1 OYR3/21 to black (1 OYR2/1 )  
coarae aah, pocketing; indistinct contact• 

Makahikatoa Sands 90 1 .827 Dark brown (7.5YR4/2 and 1 0YR3/31 fine sandy loam 
textured unit, with moderately developed medium blocky 
structure; common root channel• with dark brown 
(7.5YR4/41 coatings; gradational lower boundary; paleosol 

30 1 .857 Olive brown (2.5Y4/41 fine sandy loam textured unit, 
greasy; moderately developed medium blocky atructure; 
common root channels with yellowish red (5YR4/61 
coatings; paleosol 

Tufa Trig Formation member Tf2 50 1 .907 Dark greyi1h brown (2.5Y4/2), olive brown (2.5Y4/4) and 
olive grey (5Y4/21 coarae acoriaceoua lapilli, with aame 
coloured glaaay interiors; angular, hard lapilli; aome grey 
lithic lapilli 

220 2. 1 27 Olive brown (2.5Y4/4) fine sandy loam textured ash, with 
iron-atained root channel• and few scattered fine lithic 
lapilli; paleoaol developed in Taupo lgnimbrite 

Taupo Pumice Taupo lgnimbrite 370 2.497 Poorly sorted coarse ash and lapilli with charcoal fragments 



Section Name and Map Code: 

Grid Reference: ' 

Locality: 
I 

Formation Member 

Makahikatoa Sands 

Tufa Trig Formation member Tf1 8  

Makahikatoa Sands 

Tufa Trig Formation member Tf1 7  

Makahikatoa Sands 

Tufa Trig Formation member Tf1 6  

Makahikatoa Sands 

Tufa Trig Formation member Tf1 5  

Makahikatoa Sands 

Tufa Trig Formation member Tf1 4 

Makahikatoa Sands 

Tufa Trig Formation member Tf1 3  

Makahikatoa Sanda 

Tufa Trig Formation member Tf1 2  

Makahikatoa Sands 

Tufa Trig Formation member Tf1 1 

Makahikatoa Sands 

Tufa Trig Formation member Tf1 0  

Makahikatoa Sands 

Tufa Trig Formation member Tf9 

Makahikatoa Sands 

Tufa Trig Formation member Tf8 

Makahikatoa Sands 

Tufa Trig Formation member Tf7 

member Tf6 

Makahikatoa Sands 

Tufa Trig Formation member Tf5 

Makahikatoa Sands 

Tufa Trig Formation member Tf4 

Makahikatoa Sands 

Tufa Trig Formation member Tf3 

A 1 1 8 

Tufa Trig Section 2 [TT2) 

T20/37 5046 

A cutting in a face of a large beech-clad dune at the top end 
of Main Road, Karioi Forest, approx. 40 m north of Tufa Trig 

S. 1 [TT 1 ) 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

550 0.550 Light yellowiah brown medium to coarae aand 

1 0  0.560 Black coarae uh, pocketing, indiatinct 

400 0.960 Yellowish brown medium to coarae aand, with common 
reworked fine Taupo Pumice 

40 1 .000 Dark grey medium to coarae aandy aah, diacontlnuoua 
member 

280 1 . 280 Yellowish brown medium to coarse aand, with common 
reworked fine Taupo Pumice 

40 1 .320 Dark grey medium aandy aah, pocketing, with fine grey uh 
base 

40 1 .360 Yellowish brown aandy loam textured unit 

1 0  1 .370 Dark grey fine aandy aah, dlacontinuoua unit 

380 1 .750 Yellowish brown medium aandy loam textured unit, with 
common reworked fine Taupo Pumice 

50 1 .800 Dark grey medium to coarae aandy uh, continuoua unit 

50 1 .850 Light yellowiah brown medium sandy loam textured unit, 
with common reworked fine Taupo Pumice 

20 1 .870 Dark grey aandy aah 

50 1 .920 Light yellowiah brown medium aandy loam textured unit 

20 1 .940 Dark grey fine aandy uh, diacontinuoua 

30 1 .970 light yellowish brown medium aand 

30 2.000 Dark grey to black medium aandy ash 

40 2.040 Greyish brown to yellowish brown sandy loam textured 
unit 

20 2.060 Dark grey aandy uh, diacontinuoua and lndiatinct unit 

50 2. 1 1 0 Greyish brown aandy loam textured unit 

20 2. 1 30  1 0  mm Dark grey medium aandy aah 
10 mm Pale grey fine uh 

20 2. 1 50 Yellowiah brown aandy loam textured unit, with a 5 mm 
thick interbedded pocketing white aah 

60 2. 2 1 0  Black medium to coarae aandy 111h, normally graded, with 
yellowish grey very fine and fine pumice lapilli at baae 

20 2. 230 Greyish brown aandy loam textured unit, with acattered 
aoft reworked Taupo Pumice; paleoaol 

30 2.260 Dark grey-black medium and fine aandy aah; indlatinct 
contacts 

40 2.300 Black medium to coarae sandy ash, with few fine vitric 
lapilli; slight reverse grading 

90 2.390 Yellowish brown aandy loam textured unit, with weakly 
developed blocky atructure and dark coated root channela; 
paleoaol 

1 00  2.490 Black coarse to medium aandy ash with very fine and fine 
vitric lapilli; ungraded unit 

60 2.550 Greyish brown fine aandy loam textured unit; with weakly 

developed blocky atructure and few dark brown (7.5YR4/4) 
root coating• 

20 2.570 Dark grey medium aandy 111h, diacontinuoua unit 

40 2.61 0 Greyish brown fine aandy loam textured unit; interbedded 
within this unit ia 1 0 mm grey fine aah above 5 mm white 
ash, pocketing 

1 5  2.625 Dark grey fine sandy ash, diacontinuoua unit 



A 1 19 

Formation Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

320 2.945 Yellowish brown fine undy loam textured unit; with 
weakly developed fine blocky and crumb structure; with 
distinct dartt brown (7.5YR4/4) coated root channels, and 
few orange fine lapilll; paleoaol 

Tufa Trig Formation member Tf2 70 3.0 1 5  Dartt grey coarse acorlaceoua lapllll with g l  . .  a y  Interiors, 
and few dartt grey lithic lapilli, interbedded In yellowlah 
brown fine sandy loam textured ash 

Makahikatoa Sands 1 70 3. 1 85 Yellowish brown medium to fine sandy loam textured ash; 
with strongly developed crumb structure; few coatings In 
root channela; paleoaol 

1 600 4.785 Greyish brown medium loamy aand to aand; with common 
rewortted fine Taupo Pumice 

rewortted Taupo 300 5.085 Iron-stained fine and medium pumice lapilll, with white 
Pumice lnterlora, and charcoal fragments; sharp smooth contacts 

Makahikatoa Sands 1 500 6.585 1 300 mm Dartt yellowish brown ( 1 OYR4/4) coarse loamy 
sand grading down to medium loamy aand; 
occasional root channels 

200 mm Grey (1 OYR5/1 ) medium aandy loam with dartt 
yellowish brown ( 1 0YR4/4) and dartt brown 
(7.5YR4/4) coarse mottlea, prominent; with 
common scattered rewortted fine Taupo Pumice 

Taupo Pumice Taupo lgnimbrite 280 6.865 White poorly sorted coarse ash and lapilli, with 
charcoalised logs; sharp smooth contacts 

Mangatawai Tephra 260 7. 1 25 Very dartt greyish brown (2.5Y3/2), grading down to dark 
yellowish brown ( 1 0YR3/4) fine aandy loam textured ash, 
greasy, with weakly developed blocky, and strongly 
developed coarse crumb atructure; few scattered orange 
fine, aoft pumice lapilli; paleoaol; interbedded at 60 mm 
from base 1 0  mm black ( 1 0YR2/1 ) coarse ash, pocketing 

Mapara Tephra 60 7. 1 85 White very fine .. h 'cream cakes'; with Intermixed brown 
fine andeaitic ash; prominent with sharp contacts 

Mangatawai Tephra 2 1 0  7.395 1 30  mm Very dark greyish brown (2.5Y3/2) fine sandy 
loam textured ash, greasy, with dark brown 
(7.5YR3/2 and 7.5YR4/4) mottlea, and coatings 
in root channels; paleoaol 

80 mm Very dark grey (7.6YR3/0) coarse ash beda, 
pocketing, distinct 

Papakai Formation 1 80  7.576 Dark brown (7.5YR4/4) grading down to yellowish brown 
(1 0YR5/6) medium sandy loam textured ash , greaay; with 
few scattered orange very fine pumice lapilli. Interbedded 
50 mm from base - 1 5  mm black ( 1 0YR2/1 ) coarse ash, 
pocketing, distinct; paleoaol 

Waimihia Tephra 50 7.625 Very pale brown ( 1 0YR7/3) fine ash 'cream cakea' with 
intermixed brown fine andeaitic .. h; prominent unit 

Papakai Formation 20 7.645 Yellowish brown ( 1 0YR5/6) fine sandy loam textured ash, 
greasy; paleosol 

black ash-2 1 0  7.655 Black (1  OYR2/1 )  coarse ash, pocketing; sharp contacts 

1 80 7. 835 Olive brown (2.5Y4/4) and dark brown ( 1 0YR4/3) fine 
sandy loam textured ash, greasy; with moderately 
developed fine blocky and coarse crumb structure; few 
scattered orange fine, soft pumice lapilll 

black ash-1 1 0  7.845 Black ( 1 0YR2/1 ) coarse ash, pocketing, firm; sharp 
diecontinuoue contacts 

20 7.865 Olive brown (2.5Y4/4) fine sandy loam textured aeh 

Hinemaiaia Tephra 80 7.945 Yellow coarse 81h disperaed throughout dark brown 
( 1 0YR4/3) fine sandy loam textured aeh 

Papakai Formation orange lapilli- 2 80 8.025 Strong brown (7.5YR5/8) and yellowiah brown ( 1 0YR5/8) 
fine and medium, pumice lapilli, with greyiah brown 
(2.5Y5/2) interiora; aoft lapilli with fine sandy loam 
textured ash matrix 

1 00  8.1 25 Dark yellowish brown ( 1 0YR4/4) medium aandy loam 
textured ash, greaay; with common brown fine pumice 
lapilli, soft; indistinct contacts 



A 120 

Form11tion Member Unit Cum. De&cription 

Depth Depth 

(mm) fmJ 

Papakai Formation orange lapilli-1 300 8.425 Strong brown (7. 5YR5/81 fine and medium pumice lapllll 
with yellow (1 0YR7/6) 1nteriora, and common dark grey 
lithic lapilli, with a coarae aah matrix; normal to reverae 
grading 

500 8.925 Dark yellowish brown (1 0YR4/41 medium sandy loam to 
sandy clay loam textured ash, greasy, becoming aandier 
toward baae; common strong brown (7.5YR5/61 coated 
root channels 

unnamed 1 5  8.940 Grey fine lithic lapilli and brown pumice lapilll lnteraperaed 
within Papakai Formation 

Motutere Tephra 1 0  8.950 Pale brown fine to coarse aah 'cream cakes'; Indistinct 

Bullot Formation unnamed 50 9.000 Strong brown (7.5YR5/61 fine and very fine pumice lapllll, 
(upper) with brownish yellow (1 0YR6/61 lnteriora, and common 

grey (2.5Y6/0I medium and fine lithic lapilli; ungraded unit; 
sharp basal contact 

440 9.440 400 mm Black and strong brown coarae lithic and 
pumiceous aah, with fine and very fine pumice 
lapilli at base 

40 mm Olive medium sandy loam textured ash, slightly 
greasy, with many scattered strong brown very 
fine pumice lapllll 

1 00  9.540 Strong brown (7.5YR5/81 and yellowish brown ( 1 0YR5/81 
very fine to fine pumice lapilli, soft, and very dark grey 
(5Y3/ 1 1  fine lithic lapilli; ungraded unit 

60 9.600 20 mm Medium aandy loam textured aah with scattered 
strong brown (7.5YR5/81 fine pumice lapllll 

40 mm light olive brown (2. 5Y5/41 coarae ash 

30 9.630 Coarae ash and fine lithic and pumice lapilll 

1 30  9.760 Dark yellowish brown (1 0YR4/41 and greyish brown 
(2.5Y5/21 fine aandy loam to sandy clay loam textured 
medial unit, showing paleosol development; greasy, with 
yellowish red (5YR4/61 mottles and coated root channels; 
some scattered fine pumice lapilli 

40 9.800 Greyish brown coarse aandy aah 

60 9.860 Coarse to fine pumice lapilll, very vesicular, and fine lithic 
lapilli 

70 9.930 Medium to coarae sandy loam textured medial unit, with 
imogolite-coated root channels; paleosol 

1 00  1 0.030 Medium and few coarse pumice lapilli, very vesicular, and 
few medium lithic lapilll 

M, 50 1 0.080 Bedded olive coarse ash over yellowish brown coarae ash 

unnamed 1 00  1 0. 1 80  Brown coarse ash 

3 1 0  1 0.490 Undifferentiated medium to coarse pumice and lithic lapilli, 
and aah beds 

80 1 0.570 Medium to fine lithic and pumice lapilli with pumiceous ash 
matrix; ungraded unit 

80 1 0.650 Black coarse ash with fine lithic and pumice lapilll 

member L1 7 1 80  1 0.830 Dark brown (7.5YR4/41 and very pale brown (1 0YR7/4, 
dry) medium and fine phenocryat-rich pumice lapilli, with 
light olive brown (2.5Y5/41 lnteriora, and dark grey (5Y31 1 1  
lithic lapilli 

unnamed 1 0  1 0.840 Very dark grey (5Y3/ 1 1  coarse aah, firm, prominent 

member L1 6 1 1 0 1 0.950 40 mm Black fine ash with many lithic lapilli and 
scattered pumice lapilll 

30 mm Yellowish brown ( 1 OYR5/81 and brownish 
yellow ( 1 0YR6/8 and 1 0YR6/6, dry) medium 
and fine pumice lapilli, with same coloured 
interiors; with dark reddish brown (5YR3/41 and 
black ( 1 0YR2/ 1 1  medium and fine lithic lapilli 

40 mm Olive brown (2.5Y4/41 coarse sandy ash on 
very dark greyish brown (2.5Y3/21 medium 
sandy ash 

unnamed 30 1 0. 980 Olive brown medium aandy aah 



A 12 1  

Formation Member Unit Cum. Description 

Depth Depth 

(mm} (mJ 

40 1 1 .020 Black medium sandy .. h with scattered black medium lithic 
lapilli on brown medium to coarse sand ash and lapilll 

Waiohau Tephra 1 0  1 1 .030 White fine .. h; discontinuous, ungraded unit 

Tangatu Formation unnamed 1 50 1 1 . 1 80  Andeaitic diamicton, wedging out laterally 

Bullot Formation unnamed 80 1 1 . 260 Yellowish brown (1 0YR5/6) and pale yellow (2.5Y7/4, dry) 
(upper) medium and few coarse pumice lapilll, very vesicular, and 

coarse ash matrix 

90 1 1 .350 Dark greyish brown ( 1 0YR4/1 ) medium and fine lapilll with 
orange and black coarse ash top 

370 1 1 .720 Undifferentiated pumice lapilli, lithic lapilli, and ash beds 

40 1 1 .760 Greyish brown (2.5Y5/2) medium sandy ash, with common 
fine lithic and pumice lapilli; indistinct basal contact 

80 1 1 .840 Pale yellow (5Y7/3) medium and fine pumice lapilli, 
moderately aoft, and reddish brown (5YR4/3), yellowish 
red (5Y4/6) and very dark grey (2.5Y3/0) lithic lapilli; alight 
reverse grading 

40 1 1 .880 Coarse lithic and pumiceoua .. h; ungraded unit 

member l 1 0  1 80  1 2.060 Yellow ( 1 0YR8/8) and pale yellow (2.5Y8/4, dry) fine and 
medium pumice lapilli, very soft, with prominent 
phenocryats, and grey (2.5Y5/0) lithic lapilli; with greyish 
brown (2.5Y5/2) fine sandy loam textured ash matrix; 
prominent unit; distinct contacts 

member l9 2 1 0  1 2. 270 Pale yellow (2.5Y7/4) and white (2.5Y8/2, dry) pumice 
lapilli, and black (2.5Y2/0) lithic lapilli. Some dark grey 
(5Y4/1 )  acoriaceoua lapilll; with black (2.5Y2/0) and pale 
yellow (2.5Y7/4) coarse ash matrix 

20 1 2. 290 Very dark grey (2.5Y3/0) coarse lithic ash 

member LB 60 1 2.350 Pale yellow (2.5Y7/4) medium pumice lepilli, and black 
(2.5Y2/0) and pale yellow (2.5Y7/4) coerae ash matrix, 
reverse graded 

unnamed 1 60  1 2. 5 1 0  light brownish grey (1 0YR6/2) and pale pink medium and 
fine pumice lapilli, with pale olive (5Y6/3) interiors, soft-
firm pumice; with few black medium and fine lithic lapilli; 
distinctive unit 

20 1 2.530 light brown (7.5YR6/4) pumice lapilli, and black lithic lapilli 

80 1 2. 6 1 0  Brownish yellow (1 0YR6/6) medium and fine with few 
coarse pumice lapilli, with pale yellow (2.5Y8/4 - 7/4) 
interiors; with brownish yellow ( 1 OYR6/6) coarse sandy 
loam textured .. h matrix 

1 00  1 2. 7 1 0  Black medium t o  fine lithic and pumiceoua ash, with aome 
scattered lithic pebbles 

70 1 2. 780 50 mm Pale yellow (2.5Y8/4 - 7/4) medium and coarse 
pumice lapilli with medium and coarse lithic 
lapilli and fine sandy loam textured ash matrix 

20 mm Greasy sandy loam textured .. h base 

?Tang atu Formation unnamed 580 1 3.360 Grey andesitic diamictona; weakly bedded pebbly sands 

Rerewhakaaitu Tephra 30 1 3.390 White fine .. h; discontinuous, preserved in lenses and 
interbedded within andesitic diamictona 

300 . 1 3. 690 ?Moraine and fluvial deposita 



Section Name: 

Grid Reference: 

Locality: 

FormBtion 

Papakai Formation 

Tangatu Formation 

Bullot Formation 
(upper) 

Tangatu Formation 

Member 

unnamed 

Ngamatea lapilli- 1 

unnamed 

A 122 

unnamed section 

T20/4069 1 8  

A dune-shaped exposure on the eastern side of the Desert 

Road, approx. 0 .6  km north of Waiouru and 1 00 m north of 

Helwan S.2 

Unit 

Depth 

(mm) 

380 

40 

770 

Cum. 

Depth 

(m) 

0.000 

0.380 

Detscription 

Diaturbed tephra cover, over 
Dark yellowiah brown (1 0YR4/4) fine aandy clay loam 
textured aah; with interaperaed fine lapilll and dark brown 
coated root channela; aharp eroaional baaal contact 

Grey aand and granulea, grading downwarda to aand and 
granulea and common medium ( 1 0  mm) andeaitic pebblea; 
eroaional upper contact; dune-ahaped depoait; 
hyperconcentrated flood flow depoait 

0.420 Strong brown fine pumice and lithic lapilli; ungraded, 
wedging tephra layer 

1 . 1 90 490 mm Yellowish grey coarae aand and granulea, and 
common browniah yellow (1 0YR6/6) and 
reddish yellow (7.5YR6/6) fine pumice pebble• 
and grey andeaitic pebblea; prominent unit; with 
iron-stained veina cutting acroaa aurface 

280 mm Finer grained weakly bedded baae, compriaing 
yellowish grey medium aand and granulea 
(pumiceoua and lithic aand), with pebble 
dominant and aand dominant beda; fine pumice 
and andeaitic pebblea; prominent unit; 
hyperconcentrated flood flow depoait 

3 1 0  1 .500 Coarae aand and granulea, and many pale yellow (2.5Y7/4) 
medium and coarae pumice pebblea, rounded, and 
occasional andeaitic claata; maximum cleat 90 mm 
(cobble); reveraely graded depoait, with coarser cleats 
concentrated toward top; deposit ia offset by a small fault; 
debria flow deposit 

40 1 .  540 Pale grey poorly sorted dominantly coarae a and and 
granule a 

390 1 .930 Yellowish grey coarse lithic and pumiceoua aand and 
granulea, and fine to very coarae andeaitic pebble• 
concentrated in centre of depoait; finer grained top and 
base comprising granulea, aand and fine pebblea; debris 
flow depoait 

80 2.01 0 Pale grey aand, granule• and fine to medium ( 1 5  mm) 
andeaitic pebbles; ungraded; aharp contacta 

650 2.660 Dominantly medium aand and granule matrix, poorly aorted; 
with matrix-aupported red and grey dominantly medium 
andeaitic pebblea, and acoria, and aorne very coarae 
pebblea and cobblea ( > 90 mm); few pumice pebblea; 
reveraely graded cleats, coarsening upwards; aubangular 
clasta ; debria flow depoait, on 

Obacured lahar deposita 



Section Name: 

Grid Reference: 

Locality: 

Fotmlltion 

Taupo Pumice 

Mangatawai Tephra 

Papakai Formation 

Waimihia Tephra 

Papakai Formation 

Mangaio Formation 

Papakai Formation & 
Motutere Tephra 

Member 

Taupo lgnimbrite 

A 123 

unnamed section 

T20/44 1 049 

Cutting on the western river bank of Whangaehu River, 

approx. 400 m south of The Chute 

Unit 

Depth 

(mm) 

920 

260 

1 1 0 

1 0  

80 

1 20 

1 400 

Cum. De&cription 

Depth 

(m) 

0.000 Thin veneer of Onetapu Formation aanch and gravels 

0.920 Pink poorly sorted ash and fine lapilli, with a 1 0 mm thick 
coarse crystal-rich deposit immediately underlying the 
ignimbrite 

1 . 1 70 1 20 mm Dark yellowish brown ( 1 OYR4/4) medium sandy 
clay loam textured .. h; with lmogolite-coated 
root channels; paleoaol 

1 30  mm Bedded black and purplish black fine sandy ash; 
discontinuous beds, Interbedded with dark 
greyish brown (1 0YR4/2) fine .. ndy loam 
textured ash 

1 . 280 Yellowish brown (1 0YR6/6) fine sandy clay loam textured 
.. h. very greasy; with many root channels; paleoaol 

1 . 290 Pale brown fine ash 'cream cakes', with Intermixed brown 
fine andesitic ash 

1 . 370 Yellowish brown ( 1  OYR6/6 - 6/8) medium undy clay loam 
textured ash, greasy; with distinct strong brown coated 
root channels 

1 .490 Yellowish brown ( 1 0YR6/6 - 6/8) medium sandy clay loam 
textured medial unit, with common fine andesitic and 
hydrothermally altered pebbles; with distinct iron-stained 
root channels 

2.890 600 mm Upper unit: strong brown and purplish grey 
sandy clay textured matrix, sticky; with matrix· 
supported dominantly very coarse andealtic and 
soft, hydrothermally altered pebbles, and fewer 
medium pebbles; scoured, erosional upper 
contact; finer cleat sizes than underlying units 

660 mm Middle unit: strong brown and grey gleyed 
medium sandy clay textured matrix, sticky; with 
matrix-supported dominantly grey andesitic 
cobbles, and many granules to coarse andeaitic 
and hydrothermally altered pebbles, with 
yellowish red (6YR4/6) and dark brown 
(7.6YR4/4) Iron-stained pebble faces; 
aubangular and aubrounded cleats 

360 mm Lower unit: purplish grey coarse sandy clay 
loam textured matrix, distinctive colouring; with 
matrix-supported grey, purplish red, red and 
black andeaitic granules to cobbles, and orange­
white hydrothermally altered granules to 
cobbles; dominant cleat is coarse pebble; 
maximum cleat 100 mm (cobble); sharp basal 
contact 

1 1 0 3.000 Strong brown very fine and fine pumice lapilll, with pale 
yellow interiors, soft, and grey very fine lithic lapilll; with a 
dark brown (7.6YR4/2l sandy clay loam textured ash 
matrix, greasy 

90 3.090 Strong brown (7.6YR6/6) sandy clay loam textured medial 

280 

unit, with many fine pumice and lithic pebbles and 
granules; soft pumice 

3.370 Purplish grey and greyish brown (2.6Y6/2) sandy clay loam 
textured ash, sticky, with distinct surface cracking and 
strong brown coated root channels; with Interbedded pale 
pinkish brown fine and coarse pumiceoua ash 'cream 
cakes' at half depth 

70 3.440 Purplish grey and greyish brown .. nd clay-loam textured 
medial-unit, with common medium andeaitlc pebbles 



-. 

A 124 

Formation Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

Tangatu Formation unnamed 480 3.920 Pale grey very coarae aand and granule matrix, poorly 
aorted; with matrix-aupported andeaitic pebble• to 
bouldera; dominant cleat aize 1 5  mm (medium pebble), 
maximum cleat 220 mm (cobble); reveraely graded from 
dominantly medium pebble baae to coarH pebble top with 
cobblea; aemi-lithified, prominent unit; iron-atained upper 
contact; debria flow depoait 

20 3.940 Black medium aandy aah; aharp contact• 

20 3.960 Greyiah brown medium loamy aand 

40 4.000 Yellowiah red (5YR4/6) fine pumice lapilli, with pale yellow 
interiora, and lithic lapiili; ungraded; diacontinuoua unit 

30 4.030 Olive medium aand, well aorted 

30 4.060 Greyiah brown, gleyed, aandy clay loam textured medial 
unit, aticky; with many lithic and pumice granulea and fine 
pebblea 

40 4. 1 00  Dark yellowiah brown (1 0YR4/41 aandy clay loam textured 
medial unit; with fine yellow pumice and grey andeaitic 
pebble• and granules 

Bullot Formation Ngamatea lapiili-1 60 4. 1 60  lron·atained, dominantly fine and very fine pumice lapilli, 
(upper) and lithic lapilli; aoft pumice with pale yellow pumice 

interiors; looae lapilli 

unnamed 80 4. 240 Yellowish grey coarse aandy aah and very fine lapilli 

40 4.280 Grey coarae aah and very fine lapiili 

80 4.360 Yellowish brown ( 1 OYRS/61 coarae aandy loam textured 
medial unit, with many very fine pumice lapilli and grey 
lithic lapilli 

50 4.410 Yellowish brown ( 1 0YR5/6 - 5/8) coarae aandy clay loam 
textured paleosol; with common root channel• 

unnamed 80 4.490 Olive fine and medium pumice lapilli, with pale yellow and 
grey interiora, and fewer grey, purplish red, red and black 
lithic lapilli; distinct contacts 

90 4.580 Yellowiah brown (1 0YR5/41 fine sandy loam textured 
medial unit; cracked exterior, with distinct brown coated 
root channels; with common fine pumice and lithic lapilli 

Tangatu Formation unnamed 340 . 4.920 Grey very coarse aand, and dominantly fine, dark grey, 
grey, red, purplish red and black andeaitic pebbles, and 
occasional hydrothermally altered pebblea; aubangular and 
angular clasta; maximum clast 40 mm (very coarae pebble); 
alight normal grading; 7hyperconcentrated flood flow 
deposit 



Section Name: 

Grid Reference: 

Locality: 

Form��tion 

Taupo Pumice 

Papakai Formation 

Bullot Formation 
(upper) 

Tertiary aediments 

Member 

Taupo lgnimbrite 

Ngamatea lapilli-2 

Ngamatea lapilli-1 

unnamed 

unnamed 

A 125 

unnamed section 

T20/386898 

A cutting on the southern side of State Highway 49 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

300 0. 300 Greyish white ash and fine pumice lapilli; distinct smooth 
contacts 

360 0.660 Yellowish brown sandy loam textured ash; cracked 
exterior; some brown coated root channels; paleoaol 

1 00  0.760 Dark yellowish brown sandy loam textured ash, with 
scattered pale yellow pumice lapilli and some grey lithic 
lapilli 

1 20 0.880 Yellowish brown dominantly fine pumice lapilli, with few 
medium lapilli at top and base of unit; with some sandy 
loam textured ash matrix 

40 0.920 Fine sandy loam textured ash 

1 00  1 .020 Strong brown (7. 5YR5/8) dominantly fine pumice lapilli, 
and some black fine lithic lapilll; more lithic lapilll and finer 
overall lapilli grade to member Ngamatea lapilli-2; loose 
lapilli with a gravelly texture; weakly bedded; distinct 
contacts 

1 30  1 . 1 50 Pale yellow fine and medium pumice lapilli, and dark grey 
lithic lapilli; with a sandy clay loam textured ash matrix; 
distinctive tephra layer 

1 00  1 . 250 Yellowish brown sandy clay-loam textured medial unit, 
slightly greasy; with many scattered fine pumice and lithic 
lapilli 

90 1 .340 Dominantly fine pumice, and lithic lapllli; Indistinct lapilli, 
interbedded within yellowish brown sandy clay loam 

420 1 .760 Brown fine sandy loam textured medial unit; with common 
fine pumice and lithic lapilli, and root channels 

220 . 1 .980 Yellowish brown shell beds and unda; over bluish grey 
finn und 



Section Name: 

Grid Reference: 

Locality: 

Form��tion 

Ngauruhoe Formation 

Taupo Pumice 

?Mangatawai Tephra & 
Papakai Formation 

Bullot Formation 
(upper) 

Tangatu Formation 

Member 

Taupo lgnimbrite 

7Ngamatea lapilli-2 

7Ngamatea lapilli-1 

unnamed 

unnamed 

unnamed 

A 126 

unnamed section 

T20/3 97957 

A cutting in a low terrace at the base of the Whangaehu 

escarpment, proximal to Whangaehu River, and approx. 

1 00 m south of a flood gauge on Whangaehu River 

Unit 

Depth 

(mm} 

380 

Cum. 

Depth 

(m} 

0.380 

Description 

Brown fine to medium aandy loam textured unit, with 
indiatinct pocketing coarae uh lenau; indiatinct lower 
boundary. 

1 70 0.550 Yellowiah brown fine aandy loam textured unit, with 

270 

600 

70 

acattered very fine to fine reworked Taupo Pumice lapilli. 

0.820 White poorly aorted coarae uh and pumice lapilll. A 30 mm 
very coarae crystal-rich unit directly underlie• the 
ignimbrite; aharp irregular contact• 

1 .420 1 30 mm Dark brown fine aandy clay loam textured aah, 
greuy; indiatinct lower contact; paleoaol 

470 mm Brown fine aandy clay loam textured aah, 
greuy; with common acattered fine andeaitic 
pumice lapilli and bluiah grey very fine to fine 
aoft lithic lapilli; many dark coated root 
channels; diatinct basal contact; paleoaol 

1 .490 Strong brown fine and medium pumice lapilli, alightly aoft, 
and few lithic lapilli; with a greuy fine aandy loam textured 
matrix 

1 1 0 1 .600 Brown medium to fine aandy loam textured uh, greaay, 

70 

with common scattered atrong brown very fine and fine 
pumice lapilli, aoft; with reddiah brown coated root 
channela; paleoaol 

1 .670 Yellowiah red and atrong brown fine with few medium 
pumice lapilli, aoft; looae gravelly texture 

70 1 .  740 Brown medium to fine aandy loam textured aah, greuy, 

1 50 

550 

with acattered fine pumice lapilli 

1 .890 Yellowiah red fine and few medium pumice lapilli, with grey 
interiors, and fine to very fine lithic lapilli; angular lapilli; 
ungraded unit; irregular baaal contact 

2.440 Greyiah brown to grey coarae aand and granulea, with 
common grey and aome red very coarae to fine pebblea, 
and many acattered yellowiah brown and pale yellow fine 
and medium pumice pebble• 

200 2.640 Pale brown coarse sand and granulea, with common 
yellowish brown fine and medium pumice pebblu and 
andeaitic pebbles; fewer cluta than overlying unit; 
hyperconcentrated flood flow deposit 

30 2.670 Black coarae sand and very fine-fine lithica; gravelly texture 

20 2.690 Pale brown coarae aandy loam textured medial unit with 

1 000· 

acattered grey and pale yellow medium, and aome coarae 
pumice lapilli; hard, blocky pumice 

3.690 Bedded pale grey coarae to very coarse sand with many 
medium, and few coarae anduitic pebbles and cobblea and 
grey coarae pumice pebblu; some inversely graded beda; 
diatinct contacta; hyperconcentrated flood flow depoaits 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Form��tion Member 

Onetapu Formation 

Taupo Pumice Taupo lgnimbrite 

Mangatawai Tephra 

Papakai Formation 

Waimihia Tephra 

Papakai Formation 

Hinemaiaia Tephra 

Papakai Formation 

orange lapilli· 2 

orange lapilli-1 

Motutere Tephra 

A 127 

Upper Seagull Gul ly [USGJ 

T20/40 1 048 

An exposure at the northern end of Upper Seagull Gul ly, 

where the gully forks, and approx. 500 m south of a large 

beech stand 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

0.000 Grey laharic aanda and gravel• overlying Taupo Pumice 

490 0.490 Grey (5Y6/1 1 aah and fine lapilli; with charcoaliaed loga; 
diatinct, aharp contactl 

60 0.550 Dark brown ( 1 0YA3/31 peaty clay loam, very greaay; aharp 
contacta 

1 30 0.680 Weakly bedded aand and dominantly medium brown 
pumice, and black, grey and red andeaitic pebblea; 
distinctly rounded pebblea; aome aandy loam textured 
matrix; fluvial depoait 

90 0.770 Yellowish brown ( 1 0YA5/6) fine aandy loam textured unit, 
with interbedded grey fine aand laminae 

1 20 0.890 Weakly bedded grey aanda, brown medium pumice, and 
andeaitic pebbles, and brown fine aandy clay loam textured 
bed a with interbedded grey fine aand laminae; lenaea of 
croaa bedded aands; diatinctly rounded pumice pebblea, 
and rounded and angular andeaitic pebblea; fluvial depoait 

1 30  1 .020 Weakly bedded black coarae and very coarae aand and 
beds of dominantly medium pumice and andeaitic pebblea; 
rounded pebblea; fluvial depoait 

240 1 . 260 Alternately bedded grey fine and medium aanda, dark 
yellowiah brown ( 1 0YA4/4) very fine greaay aandy clay 
loam textured beda, with yellowiah red (5YA5/8) coated 
root channela, and pebble dominant bed a compriaing 
rounded pumice and andeaitic pebblea 

240 1 .500 1 1 0 mm Dark greyiah brown (1 OYA4/2) medium aandy 
clay textured aah, greaay, with iron·atained root 
channela; paleoaol 

1 30  mm Bedded very dark grey .. h. and greyiah brown 
loamy aand textured aah beda; diacontinuoua 
beds; aharp contacta 

1 30  1 .630 Yellowiah brown ( 1 0YA5/6) fine aandy loam textured aah; 
with many brown coated root channela; paleoaol 

20 1 .650 Pale brown very fine aah 'cream cake a', with intermixed 
brown andeaitic uh 

2 1 0  1 .860 Yellowish brown (1 0YA5/6) fine aandy loam textured aah, 
with brown coated root channela; paleoaol 

40 1 .900 White and yellow coarae pumiceoua aah, lnteraperaed in 
yellowiah brown Papakal Formation 

80 1 .980 Yellowish brown fine sandy loam textured ash, with 
scattered brown fine pumice lapilli; indiatinct baaal contact 

40 2.020 Strong brown (7.5YA5/8) fine and few medium pumice 
lapilli and coarse ash, and grey lithic lapilli; with aome 
sandy clay loam textured ash matrix 

40 2.060 Medium aandy loam textured aah with brown coated root 
channel• and acattered fine pumice and lithic lapilli; 
indistinct contacts 

50 2 . 1 1 0  Strong brown ( 7 .  5YA5/8) dominantly fine pumice lapilli and 
grey lithic lapilli, with aome coarae aah 

60 2. 1 70 Grey coarse to very coarae aand with pumice and lithic 
granulea, firm; irregular contact• 

1 80 2. 350 Yellowiah brown fine aandy loam textured aah, with many 
black coated root channels, and occasional brown very fine 
pumice lapilll 

20 2.370 Pinkish brown fine and coarse aah 'cream cake a', with 
scattered white very fine pumice fragment• 



A 128 

Formation Member Unit Cum. De11cription 

Depth Depth 

(mm) (m) 

Papakai Formation 90 2.460 Yellowish brown fine sandy loam textured aah, with black 
coated root channels 

Tangatu Formation unnamed 50 2.51 0 Weakly bedded brown, dominantly coarae pumice pebbles, 
rounded, and andeaitic pebbles, with pockets of grey firm 
a and a 

90 2.600 Grey (2.5Y6/0) lithifled coarse .. nda 

250 2.850 Weakly bedded unit, comprising medium and coarse 
rounded pumice and andeaitic pebbles and grey aanda 

unnamed 290 3. 1 40 Alternately bedded olive (5Y5/3) fine sand beda, and 
yellowish brown (1 0YR5/6) sandy loam to sandy clay loam 
textured beda with cracked exteriors and black and reddish 
brown coated root channels; sharp baul contact 

1 1 50 4.290 Pale grey coarse und and granule matrix, with matrix· 
supported andesitic pebbles and cobbles; ungraded; debris 
flow deposit 

Bullot Formation unnamed 2450 6.740 Undescribed lapilli and ash bed a above member L 1 7  
(upper) 

member L1 7 1 50 6.890 Strong brown (7. 5YR5/6) dominantly fine pumice lapilli, 
and very dark grey (7.5YR3/0) lithic lapilli; dry pumice 
colour• range between brownish yellow ( 1 OYR6/6) and 
yellow ( 1 0YR7/6); with loamy textured aah matrix, and a 
distinctive dark grey (5Y411 l fine undy aah at base; sharp 
basal contact 

unnamed 20 6.9 1 0  Coarse aah and very fine lithic and pumice lapilli 

member L1 6 1 1 0 7.020 Yellowish red (5YR4/6) dominantly fine pumice lapilli, and 
grey lithic lapilli; aubangular lapilli; some loamy textured 
aah matrix; very aimilar appearance to member L 1 7; 
diatinct basal contact 

Waiohau Tephra 30 7.050 White very fine ash, pocketing, with irregular contacts 

Bullot Formation unnamed 1 0  7.050 Purplish black fine aandy ash 
(upper) 

Tangatu Formation unnamed 460 7.5 1 0  Pale greyiah brown coarse sand and granule matrix, poorly 
sorted, with matrix-supported, dominantly medium 
andeaitic pebbles and fewer pumice pebbles, common 
cobble• and aome bouldera; maximum cl .. t 700 mm 
(boulder); reveraely graded deposit, with cleat aizea fining 
towarda baae of unit; debria flow depoait 

520 8.030 Bedded unit comprising sand dominant beds and thin 
pebble dominant beda; baae of unit la more maaaive, with 
lenaea of claat-aupported rounded pale yellow pumice 
pebbles, and occasional grey medium andeaitic pebblea; 
aharp contacts; hyperconcentrated flood flow deposit 

1 0  8.040 Grey coarae aandy aah 

20 8.060 Greyish brown fine sand with scattered yellow fine and 
few medium pumice and lithic lapilli 

30 8.090 Grey lithic granules and fine pebbles, with loamy und 
matrix 

40 8. 1 30 Yellowiah brown ( 1 0YR5/6) sandy clay loam textured 
medial unit, greaay; with scattered brown very fine pumice, 
and lithic lapilli 

unnamed 80 8. 2 1 0  Weakly bedded aand, medium pumice pebble• and coarse 
andesitic pebbles and cobbles; on yellowish brown coarse 
aandy loam 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Formt1tion Member 

Ngauruhoe Formation 

Tufa Trig Formation member Tf8 

Ngauruhoe Formation 

Tufa Trig Formation member Tf6 

Ngauruhoe Formation 

Tufa Trig Formation member Tf5 

Ngauruhoe Formation 

Tufa Trig Formation ?member Tf2 

Taupo Pumice Taupo lgnimbrite 

Mangatawai Tephra & 
Papakai Formation 

Waimihia Tephra 

Papakai Formation 

unnamed 

Mangamate Tephra Poutu Lapilli 

7Mangamate Tephra 7Wharepu Tephra 

Bullot Formation unnamed 
(upper) 

7Ngamatea lapilli-2 

unnamed 

A 129 

Wahianoa Aqueduct (WAJ 

T20/435 990 

A large cutting on the east side of the Desert Road, approx. 

1 00 m north of the Wahianoa Aqueduct lookout 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

240 0. 240 Fine greyish brown sandy loam textured unit 

20 0.260 Grey pocketing coarse uh with very fine greyish brown 
pumice lapilli at bue 

30 0.290 Greyish brown fine sandy loam textured unit 

1 0  0.300 Dark grey pocketing coarse uh 

20 0. 320 Greyish brown fine sandy loam textured unit 

50 0.370 Black coarse ash and very fine lithic lapilli; distinctive 
tephra 

1 1 0 0.480 Brownish grey fine sandy loam textured unit, with 
scattered very fine lapilli 

40 0.520 Very dark greyish brown (2.5Y3/2) medium and fine 
pumice and scoriaceous lapilli, and black lithic lapilli 

1 40 0.660 Very dark greyish brown ( 1 0YR3/21 fine sandy loam 
textured unit, with moderately developed fine nut structure 
and dark brown coated root channels; paleosol developed 
in Taupo lgnimbrite 

1 20 0.780 White poorly sorted coarse uh and lapllli 

420 1 . 200 Dark greyish brown ( 1 0YR4/21 fine sandy loam textured 
ash, with few indistinct pocketing beds of dark grey coarse 
ash; with scattered very fine lapilli 

1 0  1 . 2 1 0  Pale brown to white fine u h  'cream cakes' 

1 1 0 1 .320 Dark yellowish brown ( 1 0YR4/41 fine sandy loam textured 
uh; with scattered fine lapilli; common root channels; 
paleosol 

1 1 0 1 .430 Very pale brown (1 0YR7/41 fine and few medium pumice 
lapilli, with yellowish brown ( 1 OYR5/6) intericrs, and some 
grey (2.5Y5/0) coarse lithic lapilli; interbedded within 
Papakai Formation; discontinuous lobate tephra 

260 1 .690 Dark yellowish brown (1 0YR4/4) fine sandy loam textured 
ash, slightly greasy, with dark coated root channels, and 
abundant grey (2.5Y5/0) to bluish grey fine, soft lithic lapilli 
dispersed through ash 

1 1 0 1 .800 Yellow ( 1 0YR7/6) and dark brown (7.5YR4/4) iron-stained 
pumice lapilli fine and very fine pumice lapilli, with dark 
greyish brown (2.5Y4/2) interiors; angular, soft, loose lapilli 

70 1 .870 Olive brown (2.5Y4/4) medium sandy loam textured ash, 
with scattered fine lapilli 

1 90 2.060 Variable thicknen; grey (2.5Y5/0) very coarse ash, firm, 
weakly bedded; prominent; with dark grey uh interbeds 

40 2. 1 00  Dark olive grey (5Y3/2) and strong brown coarse ash 

60 2. 1 60  Medium sandy loam textured uh 

50 2 . 2 1 0  Dark olive grey (5Y3/2) and dark yellowish brown 
( 1 OYR4/4) pocketing coarse uh, firm; prominent tephra 

30 2. 240 Medium sandy loam textured ash; with root channels and 
scattered fine pumice and lithic lapilli 

40 2. 280 Dark yellowish brown (1 0YR4/4) medium and fine pumice 
lapilli, with light grey (2.5Y7/2) intericrs, and grey 
(2.5Y5/0) lithic lapilli; angular, soft pumice 

70 2.350 Coarse granule-rich undy loam textured uh, and scattered 
yellow fine pumice lapilli; distinct lower contact 



A 130 

Form11tion Member Unit Cum. Description 

Depth Depth 

(mm} (m} 

Bullot Formation Ngamatea lapilli-1 60 2.410 Strong brown (7.5YR5/6) fine and few medium pumice 
(upper) lapilli, with pale yellow (2.5Y8/4) interior•. aoft; with a 

black coarae lithic .. h and cryatal matrix; looae, gravelly 
texture 

80 2.490 Medium undy loam textured medial unit; with fine pumice 
and lithic lapilli 

unnamed 1 00  2.590 Dark yellowiah brown (1 0YR4/4) and light olive brown 
(2.5Y5/4) fine pumice lapilli, veaicular, aoft, phenocryn-
rich; with • 1 0  mm fine grey .. h b .. e 

90 2.680 Fine undy loam textured medial unit, gre .. y; with diatinct 
coated root channel•. and acattered fine lapilli; 
diacontinuoua unit 

1 30  2.81 0 Grey coarae undy loam textured medial unit; with root 
channela, and acattered fine pumice and lithic lapilli; aharp 
lower contact 

unnamed 20 2.830 Fine lithic and pumice lapilli 

40 2.870 Dark greyiah brown (2.5Y4/21 very coarae unci, 
aemi-lithified, gravelly texture 

70 2.940 Dark yellowiah brown (1 0YR4/4) undy loam textured aah 
and acattered fine pumice and lithic lapilli; diacontinuoua 
unit; paleoaol 

unnamed 1 30  3.070 Yellowiah brown ( 1 0YR5/6) fine and medium pumice lapilli, 
with pale yellow (2.5Y7/4) interiora, and grey (2.5Y5/0) 
lithic lapilli; with undy loam textured .. h matrix; ungraded 
tephra 

1 60  3.230 Sandy clay loam textured medial unit, ahowing paleoaol 
development; with yellowiah brown ( 1 OYR5/6) fine pumice 
lapilli, with grey (2.5Y6/0) interiora, aoft, and grey lithic 
lapilli; with many iron-atained root channela 

unnamed 40 3.270 Light olive brown (2.5Y5/4) fine and medium pumice lapilli, 
with pale yellow (2.5Y7/4) interiora, aoft, and grey lithic 
lapilli, aoft; ungraded tephra 

1 0  3.280 Grey fine .. h and light olive brown acattered pumice lapilli 

30 3.31 0 Pale yellow fine and very fine pumice lapllli and black and 
red lithic lapilll; looae, ungraded tephra; diacontinuoua unit 

1 00  3.4 1 0  Sandy clay loam to aandy loam textured medial unit, 
showing paleoaol development, greaay; with acattered fine 
pumice and lithic lapilli, and dark brown coated root 
channel• 

unnamed 1 80  3.590 Yellowiah brown ( 1 0YR5/6) fine and few medium pumice 
lapilli, with pale yellow (2.5Y8/4) interior•. firm and 1oft 
lapilli, and fine lithic lapilli; ungraded tephra 

1 20 3.7 1 0  Dark brown (7.5YR4/4) and grey (2.5Y5/0) mottled 1andy 
clay loam textured medial unit, ahowing paleoaol 
development, greaay; with many acattered very fine and 
some fine pumice and lithic lapilli, and dark brown coated 
root channel• 

7Pourahu Member 90 3. 800 Pale pinkish brown and white (2.5Y8/2), and aome light 
[tephra unit) yellowish brown ( 1 0YR6/4) fine and few medium pumice 

lapilli, with very pale brown ( 1 0YR7/4) interiora; modernely 
aoft pumice; with aome greaay undy clay loam textured 
aah matrix; ungraded tephra 

1 30 3.930 Olive grey (5Y5/2) to grey (5Y5/1 I aandy clay loam 
textured medial unit, ahowing paleoaol development, 
greaay; with acattered very fine yellow pumice lapilli, and 
dark brown coated and iron-atained root channel• 

unnamed 1 90 4. 1 20 Browniah yellow ( 1 0YR6/6) and light olive brown (2.5Y7/4) 
fine and medium pumice lapilli, with fewer pale olive 
(5Y6/3) and dark grey (5Y4/1 I lithic lapilli, and undy loam 
textured .. h matrix; ungraded tephra 

40 4. 1 60  Fine aandy clay loam textured medial unit, very greaay, 
with distinct dark coated root channel• 



A 13 1  

Fortnlltion Member Unit Cum. Description 

Depth Depth 

(mm} (m} 

Bullot Formation Shawcroft Tephra 1 40 4.300 Very dar1c grey (5Y3/ 1 )  fine and very fine lithic lapilll, and 
(upper) fewer atrong brown (7.5YR5/6) and brownlah yellow 

( 1 0YR6/6) fine and very fine pumice lapilll, with pale yellow 
(2.5Y7/4 - 8/4) interiora; with a 20 - 30  mm pumice 
dominant baae; aoft pumice 

80 4.380 Light olive brown (2.5Y5/4) aandy loam textured medial 
unit, ahowlng paleoaol development, very greaay, with dar1c 
brown coated root channela; wavy lower boundary 

Waiohau Tephra 30 4.410 White (5Y8/2) fine aah; pocketing; diatinctlve tephra 

Bullot Formation unnamed 20 4.430 Greyiah brown coarae aandy aah 
(upper) 

80 4.5 1 0  Black (2.5Y2/0) to purpliah black very coarae aah and very 
fine lithic lapilli; diatinctlve tephra 

50 4.560 Medium aandy loam textured aah, greaay, with dar1c coated 
root channel• 

unnamed 20 4.580 Purplioh coaroe aah; pocketing 

1 0  4.590 Brown aandy loam textured aah 

50 4.640 20 mm Sandy loam textured medial unit, ahowlng 
paleoaol development, very greaay, with diatinct 
brown coated root channela 

30 mm Greasy aandy loam textured medial unit with 
acattered yellow, aoft medium pumice lapilli 

1 0  4.650 Black (2.5Y2/0) to purpliah black coarae aah; pocketing 

60 4.7 1 0  Strong brown (7.5YR5/8) iron-atained aandy loam textured 
medial unit, ahowing paleoaol development, very greaay, 
with dar1c brown coated root channela 

unnamed 60 4.770 Light yellowiah brown fine and fewer medium pumice 
lapilli, and dar1c grey (2.5Y4/0) lithic lapilli, aoft, in greaay 
aandy loam textured aah 

200 4.970 Dar1c greyiah brown (2.5Y4/2) medium aandy loam textured 
medial unit, ahowing paleoaol development, very greaay, 
with diatlnct dar1c coated root channela 

unnamed 90 5.060 Fine and very fine pumice and lithic lapilll; ungraded tephra 

90 5. 1 50 Greyish brown coaroe aoh and acattered fine lapilli 

30 5. 1 80  Black (2.5Y4/0) medium aah 

40 5.220 Pale yellow fine pumice lapilli and coarae aah; ungraded 
tephra 

1 90 5.41 0 Dar1c greyiah brown (2.5Y4/2) loamy coarae aah 

90 5.500 Grey (5Y5/1 ) coarae aandy loam textured medial unit, 
ahowing paleoaol development, very greaay; with acattered 
fine pumice and lithic lapilli, and dar1c brown (7. 5YR4/4) 
iron-atained root channela 

unnamed 30 5.530 Greyiah brown (2.5Y5/2) fine pumice lapilll, and black and 
olive lithic lapilli; looae, gravelly texture 

60 5.590 Purplish black coarse loamy ash and acattered very fine 
lapilli 

60 5.650 Greyiah brown (2.5Y5/2) fine end few medium pumice 
lapilli and fine black and red lithic lapilli; ungraded tephra 

20 5.670 Browniah grey coarae loamy aah 

20 5.690 Black (2.5Y2/0) to purpliah black coarae aah 

40 5.730 Greyiah brown coarae loamy aah 

70 5.800 Light browniah grey ( 1 0YR6/2) to pinkiah brown fine 
pumice lapilli, with light grey (5Y7/2) interiora, and aome 
coarae loamy aah matrix; ungraded tephra 

30 5.830 Purplish grey coarse loamy textured pumiceoua aah 

90 5.920 Fine aandy loam textured medial unit, ahowing paleoaol 
development, very greaay, with diatinct dar1c coated root 
channela 

unnamed 1 1 0 6.030 Very pale brown (1 0YR7/4) to pinkish brown medium and 
few coarse pumice lapilli, with light browniah grey 
(2.5Y6/2) Interiors, and few lithic lapilli; very veaicular, 
soft, angular pumice lapilli; diacontinuoua tephra 



Forrruttion Member 

Aerewhakaaitu Tephra 

Te Heuheu Formation unnamed 

Unit 

Depth 

(mm) 

500 

1 000 

550 

1 0  

1 20 

Cum. 

Depth 

(m) 

6.530 

A 132 

Deacription 

Pale browniah grey aandy loam textured medial unit, 
slightly greaay, with diatinct dark coated root channel•; 
with a white fine rhyolitic aah interbedded et baae, 
pocketing (Aerewhakaaitu Tephra) on 20 mm black coarae 
aah. Boulder• from lower debria flow depoait protrude into 
the b81e of thi1 unit 

7.530 Yellowiah brown fine und dominant end granule matrix, 
with many matrix-aupported coarae andeaitic pebble• and 
cobblea, and few bouldera; dominant cleat aize 1 50 mm 
(cobble). maximum cleat 1 m (boulder); aubrounded and 
rounded cla1t1 with iron-etained fecea; cla1t1 concentrated 
toward top of unit, otherwiae unit i1 ungraded; wavy, 
diatinct beaal contact; debria flow depoait 

8.080 Brown coarae aand dominant, and granule matrix, poorly 
aorted, indurated; with many metrix-aupported atrong 
brown fine and medium pumice pebblea, and diatinctly 
fewer black, red, and grey coarae to fine andeaitic pebble• 
and cobblea; no boulder•; ba�al 40 mm dominantly 
granule a and fewer pebble•; Beael contact marked by a 
diatinctive 30 mm thick atrong brown iron pan; debria flow 
depoait 

8.090 Purplish grey greaay clay 

8. 2 1 0  Sandy clay matrix, greaay, with brown coated root 
channela, and abundant yellow and brown fine to medium 
pumice pebblea, and black, purple, and grey endeaitic 
pebblea; depoait pinchea out; hyperconcentrated flood flow 
depoait 

8.750 Medium aand and granule matrix, indurated; with pocketl 
of matrix to claat-aupported pebble• and few acetterad 
grey, purpliah grey and red very coarae pebblea; with cro11 
cutting iron oxide veina; debria flow depoait 

9.530 Grey coarae aand (dominant) end granule matrix, looN; 
with many matrix-aupported black and fewer red 
dominantly medium and coarae endeaitic pebble• end 
acattered boulder• (BOO• mm); angular to aubrounded 
claata; upper 200 mm dominantly fine pebble• without 
bouldera; debria flow depoait 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Formation Member 

Makahikatoa Sands 

Tufa Trig Formation unnamed 

Makahikatoa Sands 

Tufa Trig Formation member Tf5 

Makahikatoa Sands 

Tufa Trig Formation member Tf4 

Onetapu Formation unnamed 

unnamed 

Taupo Pumice Taupo lgnimbrite 

?Mangatawai Tephra 

?Tangatu Formation unnamed 

A 133 

Wahianoa River Section 1 [WRS 1 I 
T20/369027 

River bank exposure on the eastern side of Wahianoa River, 
below a large hill at the northern end of Karioi Forest 

Unit Cum. De&cription 

Depth Depth 

(mm) (m) 

300 0.300 Brownieh grey sand with interbedded uncorrelated Tufa 
Trig Formation tephrae 

30 0.330 Dark grey coaree aeh with a fine grey aeh bue; pocketing 

70 0.400 Brownieh grey medium to coaree eand, weakly bedded, 
with many scattered fine reworked Taupo Pumice lapilll 

95 0.495 90 mm Very dark grey coaree a�h and fine lapilli; revereely 
graded unit from a coaree a�h ba�e to dominantly very fine 
lapilli top; with a 5 mm pale grey aeh bale 

80 0.575 Purplish grey medium sand with lron-etained laminae at top 
of unit 

20 0.595 Black and etrong brown coarse aeh 

50 0.645 40 mm Purplish grey medium eandy loam textured unit, 
very greasy; sharp contacts 

1 0  mm White clay, sticky; sharp contacte; fluvial 
sediment• 

250 0.895 Granule-rich grey (2.5Y5/01 to bluish grey, gleyed, coaree 
sandy loam to sandy clay loam textured matrix, with strong 
brown (7.5YR5/61 mottle1 and coated root channel•; with 
matrix-eupported fine and common medium andesitlc and 
hydrothermally altered pebbles and few cobblee; angular 
clasts; ungraded unit with sharp contacts; debri1 flow 
deposit 

1 30  1 .025 Very dark brown (1 OYR2/21 to dark purplieh grey peaty 
sandy loam, greasy, with twig• and wood fragment• 

930 1 . 955 1 0 mm Yellowish red (5YR4/61 iron-stained top; sharp 
boundaries 

920 mm Coarse loamy eand and granule matrix, poorly 
sorted; with matrix-supported purplish red, red, 
black and grey dominantly coarse pebbles, with 
many fine, very coarse pebbles and cobbles, 
and few boulders; distinctive porphyritic 
andesitic pebbles, and scattered medium 
pumice lapilli; sub angular and subrounded 
clasts; ungraded unit; debris flow deposit 

80 2.035 Dark greyish brown ( 1 0YR4/21 medium eandy loam 
textured unit, elightly greasy; with many ecattered fine 
reworked Taupo Pumice lapilli; distinctive yellowish red 
iron-stained contacte; paleosol 

560 2.595 Pale grey poorly sorted ash and lapilli, with charcoalised 
branches; sharp smooth contact• 

70 2.665 Dark purplish grey fine eandy clay loam textured aeh, very 
greasy and eticky; with strong brown mottle1 and 
imogolite-lined root channels; paleosol 

470 3. 1 35 Yellowish brown ( 1 0YR5/61 and grey (2.5Y5/0I coaree 
sandy loam and granule matrix; with matrix-supported 
dominantly coarse, and fine andeeitlc pebble1, and cobble•; 
eome hydrothermally altered pebbles, soft; angular and 
subrounded claats; ungraded unit; dietinct contacts; debrie 
flow deposit 

50 3. 1 85 Dark brown (7.5YR4/41 fine eandy loam textured unit 

1 1 0 3.295 Yellowish grey very fine sandy loam textured unit, well 
IOrted 

1 30 3.425 Yellowish brown fine sandy loam textured unit with 
scattered white fine hydrothermally altered pebble• at 
upper contact 

1 1 0 3.535 Black bedded fine to coarse sands, well sorted and 
semi-lithified; eharp smooth contacts; fluvial deposit 



Form11tion Member 

7Tangatu Formation unnamed 

Unit 

Depth 

(mm) 

80 

A 134 

Cum. Deacription 

Depth 

(m) 

3.6 1 5  Grey medium loamy aand textured unit, well aorted uncle; 
levee depoait, on clast-aupported boulder• at atream level 



--------------�------------

A 135 

Section Name and Map Code: Wahianoa River Section 2 [WRS2) 

Grid Reference: T20/37 1 0 1 6  

Locality: River bank exposure on the western side of Wahianoa River 

Fortr���tion Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

Makahikatoa Sands 280 0.280 Dark yellowish brown (1 0YR4/4) medium loamy und-
undy loam textured unit with indistinct pocketing Tufa 
Trig Formation tephras 

white ash 1 5  0.295 White fine ash 'cream cakes' 

Makahikatoa Sands 50 0.345 Brown fine aandy loam textured unit 

Tufa Trig Formation member TfB 30 0.375 20 mm Dark grey coarse ash 
5 mm Pale yellow very fine pumice lapilli 
5 mm Dark grey coarse ash 

Makahikatoa Sand 1 30 0.405 Yellowish brown very fine aandy loam textured unit 

Tufa Trig Formation unnamed 1 0  0.4 1 5  Dark grey coarse ash; pocketing 

Makahikatoa Sands 25 0.440 1 0 mm Pale brown very fine sand 
1 5 mm Greyish brown fine loamy aand; distinct 

contacts 

Tufa Trig Formation member Tf6 20 0.460 1 5  mm Black coarse ash with 5 mm pale grey fine ash 
base 

Makahikatoa Sands 40 0.500 Dark yellowish brown (1 0YR4/4) fine aandy loam textured 
unit; sharp distinct contacta 

Tufa Trig Formation member Tf5 90 0.590 80 mm Dark grey bedded coarae ash and fine lapilli, with a 
1 0  mm grey fine ash baae 

Makahikatoa Sands 40 0.630 Dark yellowiah brown ( 1 0YR4/4) fine to very fine sandy 
loam textured unit with root channela; paleoaol 

Tufa Trig Formation member Tf4 1 0  0.640 Dark grey coarse ash, pocketing 

Makahikatoa Sands 60 0.700 Dark yellowish brown ( 1 0YR4/4) fine to very fine sandy 
loam textured unit, with crumb structure, and root 
channela; aharp distinct baaal contact; paleosol 

Onetapu Formation unnamed 700 1 .400 Grey coarse loamy sand and granule matrix, poorly sorted; 
with matrix-supported heterolithologic dominantly medium 
and coarse black, and fewer grey and red andesitlc 
pebbles, many cobblea, and scattered bouldera; 
subrounded and angular clasts; some acattered reworked 
Taupo Pumice lapilli; ungraded unit; sharp wavy baaal 
contact; debris flow deposit 

80 1 .480 Greyish brown medium sandy loam textured ash with 
scattered fine reworked Taupo Pumice lapilli; atrong brown 
(7. 5YR5/8) iron-stained contacts 

Taupo Pumice Taupo lgnimbrite 600 2.080 Pale grey to white poorly sorted ash and lapilli; with 
charcoalised branches and twigs; erosional (scoured) upper, 
and sharp wavy baaal contact 

Mangatawai Tephra 450 2.530 90 mm Dark yellowish brown ( 1 0YR4/4) fine aandy clay 
loam textured ash with brown coated root 
channels 

220 mm Yellowish brown ( 1 0YR5/61 fine aandy loam 
textured ash; with two discontinuous lapilli beds 
comprising yellowish brown fine and medium 
pumice lapilli and grey lithic lapilli 

1 40 mm Black and very grey coarae ash beda; 
discontinuous beds with distinct contacts 

Papakai Formation 70 2.600 Yellowish brown ( 1 0YR5/61 very fine aandy loam; friable; 
paleosol 

Waimihia Tephra 30 2.630 Very pale brown fine ash 'cream cakes' with Intermixed 
brown very fine andesitic ash; firm 

Papakai Formation 470 3. 1 00  Brownieh yellow ( 1  OYR6/61 very fine aandy loam textured 
ash; friable; paleosol 

black ash-2 1 5  3. 1 1 5 Black coarse ash, pocketing 

1 00  3. 2 1 5  Yellowieh brown ( 1 0YR5/6) fine aandy loam textured ash, 
with brown coated root channels; friable; paleosol 



Formation 

Papakai Formation 

Papakai Formation & 
Hinemaiaia Tephra 

?Tangatu Formation 

Member 

unnamed 

black aah-1 

unnamed 

Unit 

Depth 

(mm) 

40 

30 

20 

1 40 

1 200 

280 

1 000 

900 

Cum. 

Depth 

(m) 

3.255 

3.285 

3.305 

3.445 

A 136 

Description 

Strong brown (7.5YR5/6) fine and very fine pumice lapilli 
and grey lithic lapilli; soft pumice; with some fine sandy 
loam textured aah matrix 

Yellowish brown ( 1 0YR5/6) fine sandy loam textured aah, 
with brown coated root channels; paleoaol 

Dark grey coarse ash, firm, pocketing 

Brownish yellow ( 1 0YR6/6) fine sandy loam textured aah, 
greasy, with cracked surface, and brown coated root 
channels; with yellow coarse pumlceoua rhyolitlc aah 
dispersed throughout; wavy distinct lower contact 

4.645 Brownish yellow (1 0YR6/6) fine sandy loam to sandy clay 
loam textured matrix, with root channels, and matrix­
supported heterolithologic andeaitic boulders (maximum 
cleat 1 . 1 0  m), cobbles, pebbles, and scattered pumice 
pebbles; with pockets of lithified coarse und and andeaitlc 
pebbles; subrounded claats; ungraded unit; debris flow 
deposit 

4.925 Pale grey sand and granule matrix with thin fine pebble-rich 
beds; grading laterally to sand and granule matrix with 
matrix-supported cobbles and pebbles; ?hyperconcentrated 
flood flow - debris flow deposit 

5.925 Very coarae sand and granule matrix; with matrix­
supported heterolithologic andeaitic cobbles and some very 
coarse to fine pebble a; subrounded and angular claats; 
ungraded unit; indistinct contacts; ?debris flow deposit 

6.825 Coarse sand and granule matrix, poorly sorted and 
aemi-lithified; with matrix-supported red, grey and black 
andeaitlc very coarse pebble a, and fewer fine pebbles and 
cobbles; tabular angular claata; with pockets of claat­
aupported pebbles; ?debris flow deposit 

7.525 Brown coarse loamy sand and granule matrix, moderately 
well sorted; with grey, red and black very coarse to coarse 
andesitlc pebblea and cobbles; subrounded and aubangular 
claata; ungraded unit; ?debris flow deposit 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Formation Member 

Ngauruhoe Formation 

Tufa Trig Formation member Tf5 

Ngauruhoe Formation 

Taupo Pumice Taupo lgnimbrite 

Papakai Formation 

Waimihia Tephra 

Papakai Formation 

unnamed 

Hinemaiaia Tephra 

Papakai Formation orange lapilli-2 

orange lapilli-1 

?reworked Mangamate 
Tephra 

Mangamate Tephra Poutu Lapilli 

7Wharepu Tephra 

Bullot Formation unnamed 
(upper) 

Ngamatea lapilli-2 

unnamed 

A 137 

Wahianoa Road Section 1 [W 1 )  

T20/3 9 1 986 

Road cutting at the junction of Wahianoa Road and Aqueduct 

Road, Karioi Forest 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

1 70 0. 1 70 Disturbed present day soil surface 

50 0.220 Very dark greyish brown (1 0YR3/2) medium sandy loam 
textured ash 

40 0.260 Black coarse aah and very fine lithic lapilli 

1 40 0.400 Brown ( 1 0YR4/3) fina undy loam textured aah, slightly 
greuy, with root channels; paleosol 

90 0.490 White aoh and fine pumice lapilli, and charcoal; sharp 
contacts 

1 90 0.680 Olive brown (2.5Y4/4) fine sandy loam textured ash, with 
cracked exterior and moderately developed fine blocky 
structure; paleosol 

30 0.7 1 0  Pale brown to white fina ash 'cream cakes'; firm aah, 
with intermixed very fine pale brown andesitic aoh 

1 50 0.860 Brown fine sandy loam textured aah, with cracked exterior 
and weakly developed medium blocky structure; root 
channels; paleosol 

40 0.900 Fine and medium pumice lapilli, with brownish yellow 
(1 0YR6/6) medium sandy loam textured aah matrix; 
indistinct unit 

1 00  1 .000 Coarse pale brown and yellow pumiceous aah interspersed 
with brown undy loam textured Papakal Formation 

220 1 .220 Dark yellowish brown (1 0YR4/4) fine sandy loam textured 
ash, slightly greasy; many brown coated root channels; 
interbedded within unit is orange lapilll-2 member, 
comprising a discrete lina of strong brown pumice lapilli 
and pale grey lithic lapilli 

60 1 . 280 Brownish yellow ( 1 0YR6/6) medium and fine pumice lapilli, 
interbedded with yellowish brown undy loam textured 
Papakai Formation 

350 1 .630 Dark yellowish brown (1  OYR4/4) fina sandy loam textured 
ash, greasy; with distinctive surface cracking and common 
brown coated root channels; some scattered very fine 
pumice and lithic lapilli 

30 1 .660 Dark grey and orange coarse ash, firm, compacted, 
pocketing 

30 1 .690 Reddish brown very fine lapilli, loose, gravelly texture 

30 1 . 720 Grey (2.5Y6/0) coarse ash, firm, compacted, pocketing 

50 1 . 770 Strong brown (7.5YR5/6) fina and medium pumice lapilli 
and grey lithic lapilli; interbedded within light yellowish 
brown (1 0YR6/4) sandy loam textured ash 

1 0  1 . 780 Grey (2.5Y6/0) coarse ash, pocketing 

70 1 .850 Yellowish brown ( 1 0YR5/6) fine undy loam textured 
medial unit, with scattered pale brown (1 0YR7/4) fine 
pumice lapilli, and lithic lapilli 

60 1 .9 1 0  Brownish yellow ( 1 OYR6/6) dominantly fina pumice lapilll, 
with yellow (1 0YR7/6) interiors, and grey fina lithic lapilli; 
soft pumice lapilli; with minor undy loam textured ash 
matrix; ungraded unit; distinct contacts 

50 1 .960 Yellowish brown ( 1 0YR5/6) medium sandy loam textured 
ash, with scattered fine pumice lapilli 

30 1 .990 Light olive brown (2.5Y5/4) undy loam textured ash; 
prominent 

25 2.01 5 Yellowish brown ( 1 0YR5/6) coarse sandy loam textured 
ash 



A 138 

Form��tion Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

Bullot Formation Ngamatea lapilli-1 60 2.075 Strong brown (7.5YR5/Bl and light yellowlah brown 
(upper) (2.5Y6/4) fine pumice, and lithic lapilli; looae gravelly 

texture; aubangular, aoft pumice; alight reverae grading 

70 2. 1 45 Yellowiah brown ( 1 0YR5/6) medium aandy loam textured 
medial unit, ahowing paleoaol development, with cracked 
exterior; with many acattered very fine and fine lithic and 
pumice lapilll; diatinct contacta 

u1. 1 30  2. 275 Very pale brown (1 0YR7/4) fine and aome medium-coarae 
pumice lapilli, with grey (2.5Y6/0) fine to coarae lithic 
lapilli; angular, prominent lithica; ungraded unit 

60 2. 335 Yellowiah brown ( 1 0YR5/6) medium aandy loam textured 
medial unit, ahowing paleoaol development; with acattered 
very fine and fine pumice and lithic lapilll and common 
brown coated root channela 

40 2.375 Olive brown (2.5Y4/4) coarae aandy loam textured medial 
unit, with abundant very fine lithic and pumice lapilli; many 
brown coated root channela 

30 2.405 Olive grey (SYS/2) medium aandy loam textured medial 
unit; firm, with root channela and abundant very fine lithica 

Ul, 90 2.495 30 mm Strong brown (7.5YR5/6) very fine angular, 
platy pumice fragmenta 

60 mm Strong brown (7.5YR5/6) dominantly medium 
pumice lapilli, with light olive brown (2.5Y5/4) 
interiora, and light olive brown (2.5Y5/4) 
atained fine lithic lapilli; firm pumice; angular 
lithica; reveraely graded unit 

unnamed 5 2.500 Grey aah 

1 0  2 .510 Grey aah, compacted, with fine to  very fine pumice and 
lithic lapilli 

60 2.570 Dark greyiah brown (2.5Y5/2) fine and very fine pumice 
lapilli, and dark grey (5Y4/1 )  to very dark grey (5Y3/ 1 )  fine 
and very fine lithic lapilll; gravelly texture; ungraded 

20 2.590 Grey (5Y6/1 ) and purplish black coarse ash 

70 2.660 Dark greyish brown (2.5Y4/2) coarae aandy loam textured 
medial unit, alightly greaay; with disperaed very fine lithic 
and pumice lapilli; atrong reddiah brown iron-atained 
contacta; distinctive unit 

unnamed 20 2.680 Dark greyish brown (2.5Y4/2) coarae aandy loam textured 
aah, firm 

40 2.720 Yellowiah brown medium and fine pumice lapilli and fine 
grey and black lithic lapilli; with imogolite on lapilli facea; 
ungraded unit 

20 2.740 Brownish yellow very fine angular, platy pumice fragments 

40 2.780 Medium and fine pumice lapilli; ungraded 

30 2.81 0 Olive coarse ash and fine lapilli 

20 2.830 Grey coarse ash and fine lapilli 

20 2.850 Olive coarse ash and fine lapilli 

?member L1 7 1 60  3.010 Strong brown (7.5YR5/6) fine and medium pumice lapilli, 
with same coloured interiora, and black (2.5Y2/0) lithic 
lapilli; with a very dark grey (5Y3/ 1 )  coarae aah baae, firm 
ash, prominent; sharp basal contact 

reworked Shawcroft 640 3.650 Bedded coarae ash and fine atrong brown pumice and dark 
Tephra grey lithic lapilli 

Te Heuheu Formation so• 3.700 Coarae loamy aand textured matrix with acattered andeaitic 
pebblea 



Section Name and Map Code: 

Grid Reference: 

Locality: 

For17111tion Member 

Makahikatoa Sands 

Taupo Pumice Taupo lgnimbrita 

Papakai Fonnation 

?orange lapilli-1 

Bullot Fonnation 7Ngamataa lapilli-2 
(upper) 

7Ngamataa lapilli-1 

unnamed 

7Ta Hauhau Fonnation unnamed 

unnamed 

A 139 

Wahianoa Road Section 2 [W21 

T20/36893 1 

Road cutting near the top of a steep incline on Wahianoa 

Road (eastern exposure), Karioi Forest 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

30 0.030 Dark brown fine sandy loam textured unit, with common 
reworked fine T aupo Pumice lapilll 

1 30  0. 1 60  White poorly sorted aah and fine to medium pumice lapllll 

590 0.750 Browniah yellow fine sandy loam textured aah with 
acattarad intaraparaad fine lapilli 

1 00  0.850 Yallowiah brown medium and fine pumice lapilli and gray 
lithic lapilli; ungraded taphra 

1 00  0.950 Brownish yellow fine sandy loam textured aah, alightly 
graaay, with weakly developed fine blocky atructura and 
root channala; with many intaraparaad pale yellow fine aoft 
pumice lapilli and gray lithic lapllli; paleoaol 

1 50 1 . 1 00  Strong brown fine and medium pumice lapilli, with yellow 
interiors, and gray lithic lapilli; loose lapilli 

1 20 1 . 220 Browniah yellow sandy loam textured aah, with weakly 
developed fine blocky structure; aome root channel• and 
intaraparaad lapilli 

1 30 1 . 350 Strong brown fine pumice lapilli and black lithic lapilli; 
looaa, gravelly texture 

4 1 0  1 .760 Yellowish brown medium sandy loam textured medial unit, 
graaay, ma11iva; with pocket• of aoft pumice lapilli; 7diatal 
laharic aadimanta 

70 1 .830 Strong brown pumice lapilli and black lithic lapilli; with 
lithic dominant baaa; alight ravaraa grading; diacontinuoua 
taphra 

340 2. 1 70 Yallowiah brown medium aandy loam textured unit, graaay, 
with interbedded fine pumice laminae; 7diatal laharic 
sediment• 

470 2 .640 Greyish brown (1 0YR5/21 browniah gray medium undy 
loam textured medial unit, with few root channel• and 
aome fine pumice lapilli; diacontinuoua unit; 7diatal laharic 
sediment• 

1 00  2.740 Gray and brown bedded coaraa sand and granulaa; lithifiad 
with platy atructura 

800 3.540 Gray coarse sand, lithifiad, with many purple and red 
andaaitic pebbles to cobbles, and yellow medium and fine 
pumice pebbles in base of deposit; soft pumice; sharp 
contacts; diatal debris flow deposit 

50 3.590 Purpliah gray lignitic clay, hard; sharp contact. 

30 3.620 Iron-stained fine sand 

400 4.020 Sandy loam textured matrix, with many yellow medium 
pumice pebbles and purplish black, gray and red soft 
andaaitic pebbles, and cobbles; coarse andaaitic elute 
concentrated in base of deposit, and pumice pebbles In 
top; debris flow deposit 

700 4.720 480 mm Gray weakly bedded medium to coaraa sand, 
poorly sorted, with diacontinuoua pebble 
dominant bads; purpliah black, red and gray 
pabblaa; aamHithifiad 

220 mm Gray medium sand with matrix-aupportad red, 
black, and gray andaaitic pabblaa, and yellow 
pumice pebbles; debris flow deposit 

1 0  4.730 Yellowish brown fine sandy loam textured unit 

20 4.750 Coarse sandy loam textured unit and interbedded yellow 
fine pumice 

50 4.800 Yellowish brown laminated sllty clay loam textured unit 

20 4.820 Pale yellow pumicaous coarse sand; sharp contacts 



Formation Member 

7Te Heuheu Formation unnamed 

Unit 

Depth 

(mm) 

900 

1 0  
1 500+ 

Cum. 

Depth 

(m) 

5.720 

A 140 

Description 

Dark grey very coarse to medium sand matrix, poorly 
sorted, with matrix-supported predominantly black 
andesitic pebbles and yellow pumice pebbles; debris flow 
deposit 

5. 7 20 Strong brown clay loam textured unit 

5. 730 Coarse sand matrix, lithified, with matrix-supported purple, 
black and red andesitic pebbles, and yellow pumice 
pebbles; debris flow deposit; base not exposed 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Fortnlltion Member 

Makahikatoa Sands 

Tufa Trig Formation member Tf5 

Makahikatoa Sands 

Taupo Pumice Taupo lgnimbrite 

Mangatawai Tephra 

Papakai Formation and 
Waimihia Tephra 

Papakai Formation 

Hinemaiaia Tephra 

Papakai Formation 

Motutere Tephra 

Papakai Formation 

Mangamate Tephra Poutu Lapilli 

Wharepu Tephra 

Poronui Tephra 

Mangamate Tephra Ohinepango Tephra 

Waihohonu Lapilli 

unnamed tephra 

Oturere Lapilli 

Pahoka Tephra 

Bullot Formation unnamed 
(upper) 

A 14 1  

Waikato Stream Section 1 [WS 1 1  

T20/467 1 02 

A large cutting on the west side of the Desert Road, on the 
northern side of the bridge over Waikato Stream 

Unit Cum. Del!lcription 

Depth Depth 

(mm) (m) 

50 0.050 Browniah grey coarae sandy loam textured unit 

80 0. 1 30  Very dark grey coarse ash 

290 0.420 Brownish grey coarae aandy loam textured unit 

650 1 .070 Poorly sorted coarse aah and lapilli, with charcoal 
fragments; aharp smooth contacts 

280 1 . 350 1 00  mm Dark yellowish brown (1 0YR4/41 very greaay 
sandy clay textured ash; with distinctive dark 
yellowish brown (1 0YR3/41 coated root 
channela; paleoaol 

1 80 mm Very dark grey to black coarse ash beds, 
pocketing, with distinct contacts 

1 50 1 .500 Reddiah brown very greasy aandy clay textured ash, with 
interbedded 30 mm white to pale brown fine rhyolitic ash 
•cream cakes' 

230 1 .730 Dark yellowish brown (1 0YR4/41 greaay fine sandy loam to 
aandy clay loam textured ash; with iron-atained root 
channels; distinct upper and indistinct lower contacts 

1 40 1 . 870 Yellow and white coarse ash, ungraded unit; interbedded 
within yellowish brown aandy loam textured Papakai 
Formation 

220 2.090 Greyish brown (2.5Y5/21 gleyed sandy clay loam textured 
ash, with strong brown mottling; common dark brown 
coated root channels 

30 2. 1 20 White very fine pumice fragments Interbedded in gleyed 
greyish brown Papakai Formation 

1 20 2. 240 Greyiah brown (2.5Y5/21 gleyed sandy clay loam textured 
ash; indistinct upper, and distinct lower contacts 

1 80 2.420 Yellowiah brown (1 0YR5/81 and olive brown (2.5Y4/41 
iron-stained fine and medium lithic and few pumice lapilli, 
firm; top of unit is weakly cemented by iron oxide; 
indiatinct upper, and aharp amooth basal contacts 

5 1 0  2.930 4 1 0  mm Olive brown (2.5Y4/41. very dark grey (5Y3/1 1 
and yellowish brown (1 0YR5/81 fine and very 
fine lithic and few pumice lapilli, bedded unit 

1 00 mm Brown coarse ash and fine lapilli base 

5 2. 935 White very fine ash, pocketing 

30 2.965 Strong brown and black colour-banded coarse aah; orange 
beda are pumice rich and black beda are lithic rich; sharp 
amooth contacts 

230 3. 1 95 Very dark grey (5Y3/1 1. olive brown (2.5Y4/41 and few 
strong brown (7.5YR5/61 dominantly fine lithic and few 
pumice lapilli; angular, loose and weakly bedded lapilli; with 
two 5 mm thick strong brown to yellowish brown very fine 
pumice-rich beds, distinctive, interbedded near baae 

70 3. 265 30 mm Grey coarse ash 
20 mm Yellowish brown loamy ash 
20 mm Grey coarse aah; diatinct lower contact 

2 1 0  3.475 Very dark grey (5Y3/1 1, olive brown (2.5Y4/41 and strong 
brown (7.5YR5/61 medium and fine lithic, and few pumice 
lapilli; angular, loose lapilli; ungraded unit; distinct contacts 

1 1 0 3.585 Brown very greasy aandy loam textured ash with common 
fine pumice lapilli 

60 3. 645 Pale grey and yellow colour-banded fine pumiceous lapilli, 
angular, with grey angular, platy, very fine pumice 
fragments 

1 20 3.765 Pale brown aandy loam textured ash, with acattered fine 
lapilli 



A 142 

Formation Member Unit Cum. Description 

Dttpth Depth 

(mm) (m) 

Bullot Formation Pourahu Member 60 3.825 40 mm White and pinkish white medium and fine, with 
(upper) [tephra unit) few coarse lapilli, with greasy sandy loam 

textured ash matrix 
20 mm Coarse ash base 

unnamed 1 30  3.955 Greyish brown coarse ash with scattered fine lapilli, over 
yellowish brown greasy loamy textured ash, over grey 
coarse ash 

1 1 0 4.065 Dark brown (7.5YR4/41 very fine and fine angular, platy 
pumice fragments and coarse ash, over dark brown 
(7.5YR4/41 fine and few medium pumice lapilli, and black 
lithics; unit shows weak normal grading 

80 4. 1 45 20 mm Coarse ash 
60 mm Fine lithic and pumice lapilli with some coarse 

ash 

M, 1 20 4.265 1 0 mm Greyish brown coarse ash 
1 0 mm Yellow fine lapilll and coarse ash 
30 mm Greyish brown coarse ash with scattered fine 

lithic and pumice lapilli 
30 mm Strong brown very fine, angular, piety pumice 

fragments, with some fine lapilli 
40 mm Grey coarse aah 

unnamed 20 4.285 Strong brown very fine, angular, piety pumice fragments 

40 4.325 Very dark grey to black fine lithic lapilli, and strong brown 
pumice lapilli, with matrix of very fine angular, platy 
pumice fragments and aah 

35 4.360 Yellowish grey coarse ash 

35 4.395 Very dark grey to black coarse ash 

member L1 7 1 90 4.585 Strong brown (7.5YR5/61 medium and fine pumice lapilli, 
and very fine angular, platy pumice fragments, with dark 
grey (5Y4/1 1 lithic lapilli; weak normal grading 

unnamed 20 4.605 Black to very dark grey coarse ash with fine lithic and 
pumice lapilli 

1 0  4.61 5 Brown loamy textured aah with fine lapilli 

20 4.635 Dark grey to black coarae ash 

member L 1 6  1 60  4.795 Yellowish red (5YR4/61 medium and fine, with some coarse 
pumice lapilli, moderately soft, and very dark grey (5Y3/ 1 1  
lithic lapilli; ungraded unit; sharp contacts 

unnamed 40 4.835 1 0 mm Dark grey to black coarse ash 
30 mm Yellow loamy coarse ash over black coarse ash 

60 4.895 Fine and fewer medium and coarse pumice and lithic lapilli 
with central bed of black coarse ash 

90 4.965 Black (5Y2/1 1 coarse ash with scattered fine lithic lapilli 
and pebbles 

M, 50 5.035 30 mm Yellow, dominantly very fine angular, piety 
pumice fragments 

20 mm Dark purplish black coarse ash and very fine 
lithic lapilli 

unnamed 50 5.065 Browniah grey coarse ash with fine pumice and lithic lapilli; 
distinct contacts 

member L 1 5  1 60  5. 245 Yellowish red (5YR4/8) fine and medium pumice lapilli, 
with same coloured Interiors, and black (5Y2/1 1 lithic lapilli; 
ungraded unit; sharp basal contact 

unnamed 30 5. 275 20 mm Grey coarse ash 
1 0 mm Loamy ash, firm 

member L1 4 50 5.325 Strong brown fine pumice lapilli and black lithic lapilli 

unnamed 70 5.395 50 mm Greyish brown loamy textured medial unit; with 
scattered fine pumice and lithic lapilli; 

20 mm Fine, medium and few coarse pumice and lithic 
lapilli 

60 5.475 Dark purplish black to black (5Y2/1 1 bedded coarse ash 
with scattered pumice blocks (90 mml 

30 5.505 Strong brown fine to medium pumice and lithic lapilli. with 
very fine angular, platy pumice fragments 

30 5.535 Dark purplish black very coarse ash 



A 143 

Formation Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

Bullot Formation unnamed 20 5.655 Yellowiah grey coarse aah with fine and fewer medium 
(upper) pumice and lithic lapilli 

30 5.585 Dark purpliah black coarae uh 

60 5.645 Dark brown (7.5YR4/4) medium with fewer coarae pumice 
lapilll, and lithic lapilli; ungraded unit 

30 6.675 Greyiah brown coarae aah with few fine pumice and lithic 
lapilli; indiatinct contactl 

1 0  5.685 Grey fine lithic lapilli and fewer pumice lapilli, with lithic-
rich coarae ash 

30 5.71 5  Pale yellow (2.5Y7/4) very fine angular, platy pumice 
fragments, and fine pumice lapilli 

20 5.735 Grey coarse aah and fine lapilli 

30 5.765 Yellow very fine angular, platy pumice fragments, and fine 
lapilll 

Rerewhakaaitu Tephra 30 5.795 Greyish brown (2.5Y5/2) loamy textured coarse aah with 
interbedded light olive grey (2. 5Y5/2) glassy fine rhyolitic 
ash 

Bullot Formation 40 5.835 Greyish brown coarae aah with very fine to fine pumice and 
(middle) lithic lapilli, and occasional coarae lithic lapilli; distinct 

contacts 

45 5.880 Fine and medium pumice lapilli, with very fine angular, 
platy pumice fragments and pumiceous ash; Manganese 
stained basal 5 mm 

30 5.9 1 0  Black (5Y 2/1 ) coarae ash 

20 5.930 Grey loamy coarse ash 

60 5.990 Coarse ash with fine lithic and pumice lapilli; ungraded unit; 
indistinct contact• 

5 5.995 Grey coarse ash 

40 6.035 20 mm Coarse pumiceous ash 
20 mm Yellowish brown ( 1 0YR5/8) fine pumice lapilli 

and very dark grey (5Y3/1 ) fine lithic lapilli; 
indistinct unit 

50 6.085 Black loamy textured ash with scattered fine lithic and 
pumice lapilli 

member L7b 70 6. 1 55 Strong brown (7.5YR5/6) dominantly fine pumice lapilli and 
grey lithic lapilli; with matrix of very fine angular, platy 
pumice fragments 

unnamed 20 6. 1 75 Black coarae ash 

member L7 1 1 0 6.285 Strong brown (7. 5YR5/6) dominantly fine pumice lapilli and 
grey lithic lapilli and coarse aah; ungraded unit 

unnamed 1 0  6.295 Black coarse ash 

50 6.345 Brown fine sandy loam textured medial unit with paleosol 
development 

Te Heuheu Formation unnamed 2 1 0  6.555 Fine pumice and lithic lapilli and coarse ash; weakly 
bedded; with scattered heterolithologic andesitic pebbles; 
basal 1 20 mm dominantly coarse ash 

5 6.560 Yellow coarae ash 

620 7. 1 80 Horizontally stratified sands with fine pumice and andeaitic 
pebbles; ?fluvial deposit 

2 1 0  7. 390 Yellowish brown coarse loamy aand textured matrix, with 
scattered fine to medium pumice and andeaitic pebbles; 
ungraded unit, sharp contacts; debris flow deposit 

Bullot Formation unnamed 30 7.420 Yellowiah brown greaay loamy textured coarae ash 
(lower) 

Kawakawa Tephra 30 7.450 25 mm Very pale brown coarse ash 
Formation 5 mm Pink coarse ash 

20 7.470 Yellowish brown loamy textured ash 

80 7.550 Yellowish brown bedded loamy textured ash 

Te Heuheu Formation unnamed 390 7.940 Medium to coarse aandy matrix, with lenaea of fine lithic 
and pumice pebblea; strongly laminated toward bue; 
?debris flow deposit 



Formation Member Unit 

Depth 

(mm) 

Te Heuheu Formation unnamed 370 

Cum. 

Depth 

(m) 

8.3 1 0  

A 144 

DeiScription 

Browniah yellow coarse lithic and pumiceous sandy aah 
matrix; with scattered fine to very coarae lithic and pumice 
pebblea and few boulders; some soft clay textured 
weathered lithica; ungraded unit; debria flow depoait 

9.31 0 Browniah yellow weakly bedded aanda, aemi-lithified; with 
lensea of bright orange and yellow fine to medium pumice 
pebblea; and interbeda of pinkiah brown clay beda, firm; 
diatinctive unita 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Formation Member 

Bullot Formation member L7b 
(middle) 

unnamed 

member L7 

unnamed 

Bullot Formation member L1  
(lower) 

Te Heuheu Formation unnamed 

Bullot Formation unnamed 
(lower) 

Te Heuheu Formation unnamed 

Bullot Formation unnamed 
(lower) 

Kawakawa Tephra 
Formation 

Te Heuheu Formation unnamed 

A 145 

Waikato Stream Section 2 [WS2) 

T20/469 1 02 

Cliff face immediately east of the Desert Road and approx. 

50 m north of the bridge over Waikato Stream. Description 

is for member L7 b and older deposits only 

Unit Cum. Description 

Depth Depth 

(mm} (m} 

60 0.060 Strong brown (7.5YR5/6) fine pumice lapilli and very fine, 
platy, angular pumice fragments 

20 0.080 Black coarse ash 

1 1 0 0. 1 90 Strong brown (7. 5YR5/8) fine and medium pumice lapilli, 
black lithic lapilli, and coarse ash; very vesicular and soft 
pumice lapilli. 

40 0. 230 Black coarse ash 

50 0.280 Reddish brown loamy coarse aah with abundant fine and 
medium lithic and pumice lapilli 

1 70 0.450 1 00 mm Strong brown fine and medium pumice lapilli 
with some black fine lithic lapilli and scoria; 
with a coarse ash matrix 

70 mm Strong brown and some olive medium and fine 
pumice lapilli, and many black lithic lapilli; soft 
pumice, and angular lithics; sharp contacts 

1 50 0.600 Greenish grey weakly bedded coarse crystal-rich ash; some 
beds dominantly yellow pumiceous ash 

40 0.640 Black and brown coarse ash with scattered pebbles 

70 0.710 Black to olive coarse ash 

80 0.790 Yellowish brown sandy loam textured matrix, with many 
matrix-supported fine to very coarse pumice and lithic 
pebbles; ungraded; ?debris flow deposit 

1 50 0.940 Greyish brown sand matrix, with abundant heterolithologic 
andesitic pebbles 

220 1 . 1 60  Bedded sands and pebbles 

40 1 . 200 Brown loamy textured uh; discontinuous 

1 50 1 .350 White to pale grey coarse ash with finer uh base; tephra 
cro11-cuts andesitic diamictons (described below) over a 
vertical extent of c. 4 m 

1 80  1 .530 Yellowish brown loamy sand textured matrix, with matrix-
supported heterolithologic andesitic pebbles; ?debris flow 
deposit 

1 600 3. 1 30  Reddish brown coarse sand matrix, with weakly developed 
horizontal stratification, lithified; with many andesitic 
pebbles and occasional boulders; sharp contacts 

270 3.400 Bright orange sandy loam textured matrix, semi-lithified; 
with many brightly coloured andesitic pebbles, cobbles, 
and fewer boulders; ungraded; sharp contacts; ?debris flow 
deposit 

930 4.330 Lithified sand and granule matrix; with many andesitic 
pebbles to boulders; ?debris flow deposit 

550 4.880 Grey bedded coarse sand and pinkish brown clay beds, 
firm; with lenses of lithic and pumice pebbles 

4.880 Over 1 0 •  m of interbedded andesitic diamictons, sands and 
clay to stream level 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Forf1l1Jtion Member 

Bullot Formation Ngamatea lapilli- 1 
(upper) 

unnamed 

Tangatu Formation unnamed 

Bullot Formation unnamed 
(upper) 

unnamed 

Shawcroft Tephra 

Tangatu Formation unnamed 

A 146 

Waiouru Tip [WTJ 

T20/4 1 7935 

Cutting at the southern end of  Waiouru Tip; description is for 

deposits older than Ngamatea lapi l l i - 1  member of Bullot 

Formation 

Unit Cum. Description 

Depth Depth 

(mm} (m} 

70 0.070 Strong brown dominantly fine pumice lapilli, and dark grey 
lithic lapilli; diatinct lower contact 

90 0. 1 60  30 mm Grey coarae loamy .. h and very fine lithic lapilll 
30 mm Grey aandy .. h. firm, with very fine lithic lapilll 
30 mm Grey aand loam textured eah with very fine 

lithic and pumice lapilli 

90 0. 250 Pale brown coarse aandy loam textured medial unit, 
ahowing paleoaol development; with iron-atained root 
channel• 

230 0.460 Fine and medium sand, and granulea, with scattered fine 
and medium pumice pebblea; hyperconcentrated flood flow 
depoait 

1 20 0.600 Pale grey fine sand, with many iron-stained root channels 

1 500 2 . 1 00  300 mm Fine and medium aand, with root channel• and 
common fine lithic and pumice pebblea; 
indiatinct contact with 

1 200 mm Bedded aanda and pebblea; comprlaing 
alternating pebble dominant and aand dominant 
beds; bed thickneaaea generally < 20 mm; fine 
andesitic and pumice pebblea; 
hyperconcentrated flood flow depoait 

1 40 2. 240 Greyiah brown medium aandy loam textured medial unit, 
ahowing paleoaol development, non-greaay, with diatinct 
dark brown coated root channel•. and aome fine lapilli 

90 2.330 Strong brown and pale yellow fine pumice lapilli and black 
fine lithic lapilli; looae lapilli 

1 1 0 2.440 Dark brown aandy clay loam textured medial unit, ahowing 
paleoaol development, greaay; with diatinct dark coated 
root channels and aome fine, dominantly pale yellow 
pumice, and lithic lapilli 

1 30  2.570 Pale yellow dominantly fine pumice lapilli, aoft, and lithic 
lapilli; looae; lapilli; ungraded tephra 

1 20 2.690 Greyiah brown coarae aandy loam textured medial unit, 
with many intersperaed very fine lapilli 

1 1 0 2.800 Black fine and very fine lithic lapilli, angular, and atrong 
brown fine and very fine pumice lapilli, and coarae aah; 
with a diatinctive atrong brown pumice dominant very fine 
lapilli baae 

220 3.020 Greyish brown and purpliah grey medium aandy loam 
textured medial unit, ahowing paleosol development; with 
common iron-stained root channel•. and interaperaed white 
fine pumice lapilli 

340 3.360 Brown loamy aand, grading downward a to aandy loam 
textured medial unit, with few iron-atained root channela; 
distinct contacts, on 

3.360 Grey bedded sands and pebblea; hyperconcentrated flood 
flow depoait; base of deposit not expoaed 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Fori'TIIItion Member 

Onetapu Formation unnamed 

Ond 

unnamed 

?Onb 

Mangaio Formation 

Hinemaiaia Tephra 

A 14 7  

Whangaehu Ford [WFJ 

T20/425984 

On the western bank of Whangaehu River, adjacent to a ford 

across Whangaehu River south of Wahianoa Aqueduct, 

Rangipo Desert 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

320 0.320 Pale brown very coarse sand (dominant) and granules, and 
many dominantly black fine subrounded and sub-angular 
andesitic pebbles, with some hydrothermally altered 
pebbles, and few pumice pebbles; sharp basal contact; 
hyperconcentrated flood flow deposit 

1 50 0.470 Coarse sand and granules, poorly sorted, and black acoria 
(dominant) medium pebbles, and red and grey porphyritic 
and aphanitic dominantly medium andeaitic pebbles, and 
scoria, and some pumice and hydrothermally altered fine 
and medium pebbles; subangular cleats; 
basal 20 mm coarse sand and granules without pebbles; 
sharp contacts; hyperconcentrated flood flow deposit 

1 90 0.660 Fine sand (dominant) and granules, poorly sorted, with 
matrix-supported, dominantly grey coarse andesitic 
pebbles, and some cobbles, with iron-stained faces, and 
some hydrothermally altered pebbles; maximum clast 
1 50 mm (cobble); subrounded and aubangular claats; 
coarser claata concentrated In basal half of unit; debris flow 
deposit 

1 1 30  1 .790 Olive coarse loamy sand dominant and granule matrix, with 
many matrix-supported dominantly medium grey andeaitic 
pebbles and scoria with Iron-stained pebble faces, and 
some orange and white hydrothermally altered pebbles; 
aubrounded, rounded and angular pebbles; basal 750 mm 
contains coarser clasts - dominantly very coarse pebbles 
and cobbles; maximum cleat 1 70 mm (cobbles); debris flow 
deposit 

2290 4.080 290 mm Upper unit: light grey 12. 5Y7/1 I to grey 
(2.5Y6/1 1 and strong brown 17.5YR5/6) coarse 
sandy loam to sandy clay loam textured matrix; 
with many matrix-supported dominantly medium 
hydrothermally altered, and andesitic pebbles 
and common coarse and very coarse pebbles; 
maximum clast 80 mm (cobble); ungraded unit 

900 mm Middle unit: greyish purple, pale grey (gleyed), 
and strong brown 17.5YR5/6 - 5/8) coarse 
sandy clay loam to sandy clay textured matrix; 
with abundant and dominantly fine 
hydrothermally altered andesitic pebbles, soft 
and clayey, and some cobbles; maximum cleat 
1 60  mm (cobble); ungraded unit 

1 1 00 mm Lower unit: dominantly purple and light grey 
12.5Y7/ 1 )  to grey 12.5Y6/1 ) .  and strong brown 
17. 5YR5/61 coarse sandy clay loam textured 
matrix; with matrix-supported grey, dark grey, 
black and hydrothermally altered dominantly 
very coarse pebbles, with iron-stained faces, 
and many fine pebbles, cobbles and some 
boulders; maximum claat 350 mm (boulder); 
ungraded 

1 40 4.220 Dark brown 17.5YR4/21 to purplish brown medium sandy 
loam textured medial unit, showing paleosol development; 
friable, with common iron-stained root channels, and 
interspersed white coarse pumiceous aah IHinemalala 
Tephra) 

5 4.225 Strong brown iron pan; wavy contacts 



A 148 

ForfTilltion Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

Manutahi Formation unnamed 1 80  4.405 Coarse sandy loam textured matrix with granules; weakly 
bedded; with red, grey and black dominantly coarse 
andesitic pebbles; hyperconcentrated flood flow deposit 

2 1 0  4.6 1 5  Coarse aand and granule matrix; with abundant matrix-
supported dominantly black, and purplish red andeaitic 
pebbles; subangular to angular, distinctive pebbles; debris 
flow deposit 

300 4.9 1 5  Pale grey granules (dominant) and und, weakly bedded, 
and few red and grey fine andesitic pebbles; 
hyperconcentrated flood flow deposit 

280 5. 1 95 Reddish brown very coarse sand •nd granules, poorly 
sorted, •nd many fine and few medium andesitic pebbles, 
and some hydrothermally altered pebbles; sand dominant 
basal 30 mm; discontinuous unit; aharp basal contact; 
hyperconcentrated flood flow deposit 

1 90 5.385 Granules and coarse sand, weakly bedded, and black, grey 
and red dominantly fine (5 mm), and common medium 
andesitic pebbles, with iron-stained pebble faces; 
subrounded and subangular claats; coarser clasts 
concentrated toward base of unit; very base of unit 
comprises coarse sand without pebbles; discontinuous, 
wedging deposit; 7hyperconcentrated flood flow deposit 

1 20 5.505 Coarse and very coarse sand dominant, and granule matrix. 
poorly sorted; with matrix-supported Iron-stained 
dominantly medium andesitic pebbles, and some coarse 
and very coarse pebble a; maximum clast 40 mm (very 
coarse pebble); reversely graded cleats with coarser claata 
occurring in top of unit; discontinuous lens-shaped unit; 
debris flow deposit 

260 5.765 Grey and strong brown coarse sandy clay loam textured 
matrix, with matrix-supported dominantly medium andeaitic 
pebbles, and few cobblea; prominent unit; alight reverse 
grading; aharp wavy basal contact; debris flow deposit 

20 5.785 Purplish grey fine clay; distinct 

200 5.985 Dark greyish brown ( 1 0YR4/2) coarse aandy loam textured 
medial unit, showing paleoaol development; with 
interbedded fine sand laminae and few fine andeaitic 
pebbles near top; with strong brown (7. 5YR5/8) coated 
root channels; sharp wavy basal contact 

unnamed 390 6.375 Granule dominant and aand matrix. semi-lithified, with 
weakly bedded basal 30 mm; with aome fine andeaitic 
pebbles concentrated toward top of unit; maximum claat 
30 mm (coarse pebble); hyperconcentrated flood flow 
deposit 

90 6.465 Greyish brown (2.5Y5/2) to purplish brown medium sandy 
clay loam textured medial unit, friable, showing paleoaol 
development; with abundant pale yellow pumice granules, 
soft, concentrated in lower 1 0 mm; with Iron-stained root 
channels 

90 6.555 Sandy clay loam textured medial unit, showing paleosol 
development; with many fine and medium lithic lapilli and 
pale yellow pumice lapilli; with iron-stained root channels 

1 20 6.675 Pale greyish brown (2.5Y5/2) fine aandy clay loam textured 
medial unit, ahowing paleoaol development, with 
interspersed lithic and pale yellow pumice granules and 
common pale brown coated root channel• 

Motutere Tephra 20 6.695 Pale pinkish brown coarae and fine ash 'cream cakea'. 
and fine pumice fragments 

250 6.945 Pale greyish brown (2.5Y5/2) fine sandy clay loam textured 
medial unit, showing paleoaol development, with common 
pale brown coated root channela 

70 7.0 1 5  Light olive brown (2.5Y5/4) sandy clay-loam textured 
medial unit, with scattered fine lithic lapilli, and strong 
brown iron-atained root channels 

Bullot Formation Ngamatea lapilli-1 60 7.075 Strong brown (7.5YR5/8) fine pumice lapilll, with pale 
(upper) yellow (2. 5Y7/4) interiors, and fine grey lithic lapllll, aoft 

pumice; ungraded tephra 



Formation 

Bullot Formation 
(upper) 

Tangatu Formation 

Member 

unnamed 

unnamed 

unnamed 

unnamed 

Unit Cum. 

Depth Depth 

(mm) (m) 

20 7.095 

1 1 0 7. 205 

1 40 7.345 

310 7.655 

Deacription 

Pale grey fine sandy loam textured medial unit, firm, 
prominent; sharp wavy basal contact 

A 149 

Pale yellowish brown coarse loamy ash and pumice and 
lithic lapilli; loose, gravelly texture 

Bedded unit comprising grey granule and sand dominant 
and pebble dominant beds; fine andesitic pebbles; wavy 
contacts; hyperconcentrated flood flow deposit 

Very coarse sand dominant, and granule matrix; with many 
matrix-supported black, grey and red fine and many 
medium andesitic pebbles and occasional cobblee; 
maximum clast 220 mm (cobble); eubrounded and 
eubangular clalts; with a finer eand dominant baee; debris 
flow deposit 

1 00  7.755 Strong brown (7.5YR5J6) coarse loamy sand textured 

60 

20 

medial unit, with common pale brown very fine and fine 
soft pumice lapilli 

7 .815 Grey fine sand, firm, weakly bedded 

7. 835 Pale brown ( 1 0YR6/3) to light yellowieh brown (1 0YR6/4) 
clay, sticky, with iron-stained sharp contact• 

90 7.925 Purplish grey medium sandy clay loam to sandy clay 

1 1 0 

textured medial unit, showing paleosol development, with 
strong brown coated root channel• 

8.035 Medium sand (dominant) and granule1, and black and grey 
dominantly fine and medium andesitic pebbles, and 
brownish grey pumice pebbles; few ecattered coaree 
andesitic pebbles and cobblee; basal 40 mm fine eand; 
7hyperconcentrated flood flow depoeit 

· 

1 50 8. 1 85 Purplish grey coarse sand (dominant) and granule•. and 
dominantly medium andesitic pebbles, and few cobble• 
(70 mm) at base; subangular clasts; finer grained 
dominantly medium sand top; hyperconcentrated flood flow 
deposit 

1 30 8.31 5 Sand and granules (dominant), lithified, prominent; and 
many fine andesitic pebble• with iron-etained pebble facea; 
iron-ltained contacta; hyperconcentrated flood flow depoait 

200 8. 5 1 5  Sand, and granule dominant matrix; with many matrix-
eupported dominantly medium andeaitic pebbles, and 
pocketa of claat-aupported cobble• (80 - 1 20 mm); with 
iron-atained clast faces and matrix around claata; 
protruding claata; ungraded depoait; debri1 flow depoeit 

480 8.995 Weakly bedded pebble-rich beda with lithified eandy 
matricea and subrounded andesitic pebbles, and sand 
dominant beds; mottled sanda; laminated sand base; 
hyperconcentrated flood flow deposit 

260 9. 255 Weakly bedded unit comprising lithified reddiah brown 
mottled coarse sand dominant and granule beda, and fine 
pebble dominant beds; occasional cobble• acattered 
throughout deposit; prominent unit with iron-atained 
contacta; prominent relief; hyperconcentrated flood flow 
depoait 

330 9.585 Sand and granule matrix, lithified; with matrix-supported 
dominantly coarae, and many very coarse andesitic 
pebblea, and fine pebble dominant interbeda; sharp wavy 
iron-stained contact; debria flow depoait 

1 60  9. 745 Granule and sand matrix, lithified; with common pale 
yellow, orange and grey fine pumice pebblea and many 
very coarse red lithic pebblea, with many boulders, angular 
to subrounded claats; ungraded; debria flow depoait 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Fortn��tion Member 

Makahikatoa Sands 

Makahikatoa Sands & 
Tufa Trio Fonnation 

Tufa Trio Fonnation unnamed 

Makahikatoa Sands 

Tufa Trig Fonnation member Tf8 

Makahikatoa Sands 

Tufa Trio Fonnation member Tf6 

Makahikatoa Sands 

Tufa Trio member Tf5 

Makahikatoa Sands 

Tufa Trio Fonnation member Tf4 

Makahikatoa Sands 

Tufa Trig Fonnation member Tf2 

Makahikatoa Sands 

Tufa Trio Fonnation member Tf1 

Taupo Pumice T aupo lgnimbrite 

Mangatawai Tephra 

Papakai Fonnation 

Papakai Fonnation & 
Waimihia Tephra 

Mangaio Fonnation 

Papakai Formation 

Hinemaiaia Tephra 

Papakai Fonnation 

8ullot Fonnation unnamed 
(upper) 

unnamed 

A 150 

Whangaehu Junction [WJ) 

T20/445069 

An exposure at the northern end of the Whangaehu 

escarpment, adjacent to Whangaehu River 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

270 0.270 Present day soil; sandy loam textured unit 

20 0.290 Greyish brown loamy sand with interbedded pocketing grey 
ash 

20 0.31 0 Dark grey medium ash 

60 0.370 Brownish grey sandy loam textured unit 

35 0.405 Dark grey medium aah 

5 0.41 0  Very dark greyish brown sandy loam textured unit 

25 0.435 Dark grey coarse and medium ash 

70 0.505 Greyish brown sandy loam textured unit 

70 0.575 Dark grey coarse and medium ash; distinctive tephra 

30 0.605 Dark greyish brown sandy loam textured unit; paleosol 

20 0.625 Dark grey medium to fine ash 

60 0.685 Dark greyish brown aandy loam textured unit 

1 5  0.700 Fine pumice and scoriaceous lapilli 

90 0.790 Sandy loam textured unit; weak paleosol development 

25 0.81 5 Fine pumice lapilli 

360 1 . 1 75 Greyish brown sandy loam textured unit; paleosol 
developed in Taupo lgnimbrite 

1 60  1 .335 White poorly sorted ash and lapilli, with charcoal fragments 

450 1 .785 230 mm Dark brown fine sandy loam textured ash; 
paleosol 

220 mm Alternately bedded dark grey to black coarse 
aah beds, and brown sandy loam textured ash 
beds; distinct bed contacts 

90 1 .875 Dark brown fine sandy loam textured ash; paleosol 

2 1 0  2.085 Dark yellowish brown slightly greasy sandy loam textured 
ash, and interbedded 20 mm pale brown to white fine 
rhyolitic ash 'cream cakes' (Waimihia Tephra) 

2000 4.085 Strong brown (7.5YR5/6) and grey (2.5Y5/0) sandy clay 
loam textured matrix, greasy, with matrix-supported 
hydrothennally altered, and many grey andesitic pebbles to 
boulders; discontinuous, dune-shaped deposit 

1 60  4. 265 Purplish grey medium sandy clay loam textured ash, 
greasy; paleosol 

60 4.345 White and grey coarse pumiceous ash dispersed throughout 
yellowish grey Papakai Formation; indistinct lower contact 

200 4.545 Yellowish grey coarse sandy loam textured ash, greasy; 
with scattered fine pumice and lithic lapilli; paleosol 

90 4.635 Pale yellow medium and coarse pumice lapilli, and bluish 
grey lithic lapllli; with grey coarse sandy loam textured ash 
matrix 

20 4.655 Grey and yellow coarse ash 

20 4.675 Yellow very fine angular, platy pumice fragments 

60 4.735 Pale yellow fine and medium pumice lapilli, black lithic 
lapilli, and coarse ash; 10ft pumice 

30 4.765 Purplish brown sandy loam textured medial unit; with 
1cattered pumice and lithic lapllli 

1 60  4.925 Yellowi1h brown (1 0YR5/4) and pale brown ( 1 0YR6/3) fine 
and medium pumice lapllli, with very pale brown 
(1 0YR7/3), light browni1h grey (2.5Y6/2) and grey 
(2.5Y6/0) interiora; 1oft pumice; and grey and black lithic 
lapllli, angular, 1harp, exfoliating; with coarse aah matrix; 
ungraded tephra 



A 1 5 1  

Fortn11tion Member Unit Cum. Description 

Depth Depth 

(mm} (mJ 

Bullot Formation unnamed 1 60  5.085 Dark grey medium aandy loam textured uh grading upward 
(upperl to fine undy loam textured uh (normal gradedl; with a 

50 mm thick loamy und textured interbed and acattered 
grey lapilli 

230 5.3 1 5  Pale brown (1 0YR6/31 and browniah yellow (1 0YR6/61 fine 
and fewer medium pumice lapilli, with greyiah brown 
(2. 5Y5/21 interiora, and acattered black and atrong brown 
lithic lapilli; angular lapilli; aharp wavy baul contact 

90 5.405 Grey undy uh 

60 5.465 Medium and fine pumice lapilli; diacontinuoua tephra 

20 5.485 Yellowiah brown aandy 81h 

40 5.525 Dark purpliah black undy uh 

40 5.565 Coarae lithic uh with interbedded strong brown fine 
pumice lapilli and black lithic lapilli 

5 5.570 Grey coarae aah over black coarae aah 

1 00  5.670 Brown medium sandy loam, alightly greaay; with acattered 
yellowiah brown fine and fewer medium pumice lapilli and 
lithic lapilli 

50 5.720 Yellow to yellowiah brown fine and fewer medium pumice 
lapilli, and grey lithic lapilli; with undy loam textured uh 
matrix 

30 5.750 Brown aandy loam 

60 5.81 0 Fine pumice and lithic lapilli; looae, gravelly texture; 
ungraded tephra 

50 5.860 Sandy loam textured aah 

7Pourahu Member 1 60  6.020 Pale grey to white fine pumice lapilli and black lithic lapilli; 
with lithic-rich top 

unnamed 70 6.090 Black coarae aah, firm; aharp baaal contact 

300 6.390 Dark brown ( 1 0YR4/31 grading down to olive brown 
(2.5Y4/31 fine aandy loam textured aah, with interbedded 
30 mm grey coarae ash and purplish black coarae uh near 
centre of unit 

1 20 6.51 0  Dark yellowiah brown ( 1 0YR4/41 fine and medium pumice 
lapilli, with dark greyiah brown (2.5Y4/21 interiora, and 
fewer atrong brown iron-atained lithic lapilli (concentrated 
in lower 70 mml; aome undy aah matrix; very veaicular, 
hard pumice; discontinuous tephra 

500 7.010 Very dark greyish brown (1 0YR3/21 to yellowiah brown 
( 1 0YR5/41 fine �andy loam textured medial unit (pouibly 
loe11l. mottled; with acattered atrong brown fine pumice 
lapilli, aoft, and lithic lapilli; dune-ahaped depoait 

Waiohau Tephra 30 7.040 White very fine; discontinuoua; with black coarae andeaitic 
ash intermixed at base 

Bullot Formation unnamed 70 7. 1 1 0 Dark grey (2. 5Y3!1 1 to black coarse ash and black fine 
(upperl lithic lapilli and few orange fine, aoft pumice lapilli 

40 7. 1 50 Very dark brown (1 0YR2/21 to purplish brown coarae aah; 
wavy lower contact 

50 7.200 Olive grey fine aandy loam textured ash and acattered fine 
lapilli 

40 7. 240 Very dark greyiah brown (2.5Y3/21 coarae aah; 
diacontinuoua tephra 

1 00  7.340 Olive brown (2.5Y4/31 greaay fine sandy loam, grading to 
loamy und textured medial unit at baae; with acattered 
pale yellow to brown fine pumice lapilli at bue; few coated 
root channels 

3 1 0  7.650 Coarae lithic and pumiceoua uh 

30 7.680 Very dark grey (2. 5Y3/ 1 1  fine lithic lapilli, angular, in aandy 
ash matrix 

20 7.700 Olive brown (2.5Y4/41 fine undy loam textured aah and 
fine lithic lapilli; few dark coated root channel• 

30 7.730 Dark grey (2.5Y4/ 1 1  coarae uh and acattered lapilli 



A 152 

ForfTIIJtion Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

Bullot Formation unnamed 70 7.800 30 mm Black coarae aandy aah 
(upper) 30 mm Olive brown (2.5Y4/4) fine and medium pumice 

lapilli, with very dark greyiah brown (2.5Y3/2) 
interiors, and black fine lithic lapilli, angular; 
ungraded tephra unit 

1 0 mm Coarse lithic ash 

1 00  7.900 20 mm Fine aandy loam textured aah and very fine 
pumice and lithic lapilli; weak paleoaol 
development, over 

Dark brown (1 0YR4/3) medium and fine pumice lapilli, with 
light olive brown (2.6Y5/4) and light grey (2.6Y7/2) 
interiora, and fewer black fine lithic lapilli and coarae aah; 
very veaicular, hard pumice lapilli 
1 0 mm lithic dominant coarae aah 

60 7.960 Dark grey (2.6Y4/1 ) to purplish grey loamy coarae aah; 
with many fine pumice lapilli with olive interiora, and few 
black lithic lapilli 

30 7.990 Black coarse ash 

40 8.030 Light olive brown (2.5Y5/6) and yellowish brown 
(1 0YR5/6) fine and medium pumice lapilli, veaicular, hard, 
and grey lithic lapilli; ungraded tephra; with loamy coarae 
aah matrix 

40 8.070 Yellowish brown ( 1 0YR6/4) aandy loam textured aah and 
scattered fine lapilli 

1 40 8. 2 1 0  Pale yellow to brown dominantly fine pumice lapilli, with 
pale grey interiora, and grey fine aandy loam textured aah 
matrix; aoft pumice; normally graded tephra 

75 8. 285 Dark greyiah brown ( 1 0YR4/2 to 2.6Y4/2) coarae aandy 
loam, grading down to greasy fine aandy loam textured 
medial unit; with acattered brown pumice lapilli and grey 
lithic lapilli 

Rerewhakaaitu Tephra 1 5  8.300 White to pale grey fine glasay rhyolitic ash, diacontinuoua 

46 8.345 Dark greyish brown greaay fine aandy loam textured medial 
unit; with acattered lapilli 

Buliot Formation member l7 200 8.545 1 60 mm Yellow ( 1 0YR7/6 and 2.6Y8/6) and pinkiah 
(middle) yellow fine and medium pumice lapilli, with light 

yellowish brown (2.6Y6/4) interiors, and few 
lithic lapilli; aoft pumice; interbedded within a 
greasy fine sandy loam textured aah matrix 

40 mm Coarse lithic and pumiceous ash base 

Te Heuheu Formation unnamed 250 8.795 Dark grey ( 1 0YR4/1 to 2.5Y4/1 ) coarae sand, grading 
downwards in turn to coarse loamy sand, and dark grey 
(1 OYR4/1 ) medium aand, with some fine andeaitic pebbles 
and cobbles; fine pebbles concentrated in baaal 30 mm; 
?hyperconcentrated flood flow deposit 

620 9.41 6 Sand and granule matrix; with scattered purple, grey, red 
and brown andesitic pebblea, weathered and soft, and 
bright yellow and orange pumice lapilli; few cobbles; upper 
200 mm weakly bedded sand and granules with common 
pumice pebbles; ?debria flow depoait 

460 9.895 Bedded pink clay, firm, and pebble beda compriaing brown 
and yellow fine and medium pumice pebblea, and dark 
brown and black subangular to subrounded andesitic 
pebbles; bed depths averaging 50 - 1 00  mm; a harp wavy 
bed contacts; fluvial deposit 

350 1 0. 245 Bedded dark grey ( 1 0YR4/1 to 2.5Y4/1 ) aand and granules, 
aemi-lithified, with aome red, purple and black andeaitic 
pebbles and yellow pumice pebblea; hyperconcentrated 
flood flow deposit 

50 1 0. 295 Light reddish brown (5YR6/4) silty clay, with fine 
weathered andeaitic and pumice pebbles; sharp basal 
contact; fluvial depoait 

1 000 1 1 . 295 Sand and granule matrix, with matrix-supported acattered 
fine to coarae andeaitic and pumice pebbles, and aome 
cobbles and boulders interbedded at base; maximum claat 
800 mm (boulder); aharp basal contact; debria flow deposit 



Formtttion Member Unit 

Depth 

(mm/ 

Te Heuheu Formation unnamed 1 000 

1 300 

Cum. 

Depth 

(m/ 

1 2.295 

1 3.595 
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Description 

sandy matrix; with lenaea of soft yellow and brown 
pumice, and coarse pebbles to boulders; ungr8dad; pumice 
concentrated in lower 300 mm; sharp wavy contiiCt 

Alternating 50 - 1 00 mm thick a and and granule, and 
1 0 - 40 mm thick reddish brown (5YR6/4) gra .. y ailty clay 
bads; .. nd and granule bads are weakly lithifled, with 
many medium and fine yellow pumice pebbles, and many 
red, purple, gray and black andaaitic pebbles; aubroundad 
pabblea; aoft pumice; to river level 



Section Name and Map Code: 

Grid Reference: 

Locality: 

FormtJtion Member 

Ngauruhoe Formation 
& Tufa Trig Formation 

Taupo Pumice Taupo lgnimbrite 

?Mangatawai Tephra 

Papakai Formation 

Bullot Formation unnamed 
(upper) 

?Ngamatea lapilli-2 

unnamed 

Ngamatea lapilli-1 

unnamed 

unnamed 

?Pourahu Member 

unnamed 

unnamed 

A 1 54 

Composite section of Whangaehu River Section 1 [WR 1 )  
and Whangaehu River Section 2 [WR2) 

T20/399954 

An exposure on the Whangaehu escarpment, immediately 

east of Whangaehu River, and approx. 500 m south of a 

road leading to a flood gauge on Whangaehu River 

Unit Cum. Description 

Depth Depth 

(mm} (m} 

380 0.380 Pale brown fine 1andy loam textured unit with interbedded 
grey Tufa Trig Formation tephra1, thin. pocketing 

1 20 0.500 White poorly 1orted coarte a1h and pumice lapilll, with 
charcoal; at ba1e of the lgnimbrite i1 a thin very coarte 
cry1tal-rich depoait 

390 0.890 Brown fine aandy loam textured ash; diatinct lower contact 

420 1 .3 1 0  Yellowiah brown (1 0YR5/6) fine aandy loam, with cracked 
exterior and common coated root channela; with many 
bluiah grey aoft lapilli; paleoaol 

30 1 .340 Strong brown dominantly fine pumice lapilli and dark grey 
fine and very fine lithic lapilli; moderately aoft pumice; 
ungraded unit 

1 40 1 .480 Yellowiah brown ( 1 0YR5/6) fine aandy loam textured aah 
with common root channela; aharp contactl; paleoaol 

50 1 .530 Strong brown (7.5YR5/6) very fine and fine, with few 
medium pumice lapilli, with pale yellow interior1, and grey 
very fine and fine lithic lapilll; ungraded unit 

60 1 .590 Yellowiah brown coarte .. ndy loam textured aah 

80 1 .670 Dark yellowiah brown (1 0YR4/4) fine and medium pumice 
lapilli and grey lithic lapilli; looae lapilli, aubrounded pumice 
lapilli; ungraded unit 

400 2.070 Fine .. ndy loam textured medial unit, 1howing paleoaol 
development; with acattered atrong brown fine pumice 
lapilli; with many dark brown coated root channel• 

70 2. 1 40 Fine pumice lapilli interbedded in medium loamy aand 
textured aah 

70 2 . 2 1 0  Fine .. ndy loam textured a�h; with prominent iron-atained 
root channela; paleoaol 

1 0  2. 220 Grey coarte aandy a1h, firm 

80 2.300 Fine .. ndy loam textured medial unit, grea�y, with 
scattered fine and few medium pumice and lithic lapilli 

1 1 0 2.4 1 0  Brown fine and medium pumice lapilll, with grey interior�, 
and fewer lithic lapilli; angular lapilli; ungraded unit 

50 2.460 Granule-rich fine .. ndy loam textured aah, grea�y 

50 2.51 0  Dark grey very fine and fine lithic lapllli, and fewer pumice 
lapilli 

1 80  2.690 Fine .. ndy loam textured a1h with many very fine pumice 
and lithic lapilli; common root channels; diatinct contact• 

1 30  2.820 light brownish grey (2.5Y6/2) fine and 1ome medium 
pumice lapilli, with light grey ( 1 0YR7/ 1 )  interior�. and very 
dark grey (2.5Y3/0) fine lithic lapilli; hard pumice; ungraded 
unit 

2 1 0  3.030 Olive (5Y5/3) aandy loam textured medial unit with 
scattered pale yellow fine pumice lapilli 

30 3.060 Black and brown bedded .. ndy loam textured .. h 

1 80  3. 240 Olive (5Y5/3) aandy loam textured medial unit, with 
common fine pumice lapilli 

40 3.280 Dominantly fine, pumice and lithic lapilli, with a .. ndy loam 
textured aah matrix 

50 3.330 Coarse aah and fine pumice and lithic lapilli 

1 20 3.450 Olive (5Y5/3) fine and medium pumice lapilll and fewer 
dark grey (2.5Y3/0) fine lithic lapilli; looae lapilli; very 
vesicular, aubrounded pumice and angular lithics; with lithic 
dominant fine lapilli bale 
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Formation Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

70 3.520 Pale brown coarse sandy loam textured medial unit, with 
scattered fine lithic and pumice lapilli; common root 
channels 

Bullot Formation Shawcroft Tephra 1 20 3.640 Very dark grey (2.5Y3/0I and olive (5Y5/31 fine and very 
(upperl fine lithic lapilli and fewer strong brown iron-stained fine 

and very fine pumice lapilli; with distinct pumice dominant 
basel 1 0  mm; loose, angular lapilli; ungraded unit 

unnamed 30 3.670 Greyish brown medium sandy loam textured ash 

Waiohau Tephra 30 3.700 White very fine ash , pocketing, with distinct, irregular 
contacts 

80 3.780 Dark greyish brown (2.5Y4/21 sandy loam textured medial 
unit, slightly greasy, with scattered very fine pumice lapilli 

Bullot Formation unnamed 40 3.820 Very fine and fine pumice and lithic lapilli, with dark greyish 
(upperl brown (2.5Y4/21 coarse sandy loam textured ash matrix 

90 3.9 1 0  Pale brown to grey sandy clay loam textured medial unit, 
slightly greasy; with many fine lithic and pumice lapilli and 
root channels 

unnamed 80 3.990 Brownish yellow ( 1 0YR6/81 fine and few medium pumice 
lapilli, with white (2.5Y8/21 interiors, and black lithic lapilli; 
with a coarse ash matrix; imogolite on faces of some 
pumice 

90 4.080 Coarse sandy clay loam textured medial unit, sticky, 
showing paleosol development; with diatinctive dark brown 
coated root channels 

unnamed 70 4. 1 50 Strong brown very fine and fine pumice lapilli, and grey 
lithic lapilli; with a lithic lapilli dominant base; imogolite on 
aome lapilli faces; looae lapilli; ungraded unit 

1 50 4.300 Coarse sandy loam textured medial unit, slightly greasy, 
with distinctive dark brown coated root channel• 

unnamed 70 4.370 Pale yellow (2.5Y7/41 fine pumice lapilli, with white 
interiors, and grey lithic lapilli, with aome coarae ash 
matrix; discontinuous unit 

70 4.440 Brownish grey coarse sandy loam textured medial unit 

unnamed 1 00  4.540 Black and yellow coarae pumiceoua and lithic ash with 
acattered fine lithic and pumice lapilli 

60 4.600 Grey (1 OYR5/1 1  fine sandy loam textured medial unit, 
slightly greasy, showing paleosol development; with 
scattered very fine white pumice lapilli 

Rerewhakaaitu Tephra 1 0  4.6 1 0  White very fine ash, pocketing 

1 1 0 4.720 Olive medium sandy loam textured medial unit with aome 
root channels 

Te Heuheu Formation unnamed 90 4.810 Black coarse aand matrix, poorty aorted, with scattered 
andesitic cobbles at top of unit; debris flow deposit 

70 4.880 Brownish grey fine sandy loam textured unit 

90 4.970 Coarse loamy sand textured matrix, poorly sorted; aharp 
contacts; hyperconcentrated flood flow deposit 

60 5.030 Fine sand laminae, with root channel• 
30 ooo · 35.030 Andesitic diamictons; thick deposita with sandy matricea 

and andesitic pebbles, cobble• and bouldera; with fluvial 
interbeds 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Form��tion Member 

Makahikatoa Sands 

Tufa Trig Formation ?member Tf1 4  

Makahikatoa Sands 

Tufa Trig Formation ?member Tf1 3  

Makahikatoa Sands 

Tufa Trig Formation ?member Tf1 0 

Makahikatoa Sands 

Tufa Trig Formation ?member Tf8 

Makahikatoa Sands 

Tufa Trig Formation unnamed 

Makahikatoa Sands 

Tufa Trig Formation unnamed 

Makahikatoa Sands 

Tufa Trig Formation member Tf6 

Makahikatoa Sands 

Tufa Trig Formation member Tf5 

Makahikatoa Sands 

Tufa Trig Formation member Tf4 

Makahikatoa Sands 

Tufa Trig Formation member Tf2 

Taupo Pumice Taupo lgnimbrite 

Mangatawai Tephra 

Papakai Formation 

Waimihia Tephra 

Papakai Formation 

black ash-2 

A 156 

Whangaehu River Section 5 [WR5) 

T20/443045 

A large exposure on the Whangaehu escarpment, approx. 

300 m south of an unnamed vehicle track which joins the 

Desert Road 

Unit Cum. Description 

Depth Depth 

(mm} (m} 

600 0.600 Grey loamy und textured unit and overlying present-day 
soil surface 

40 0.640 Very dark brown ( 1 0YR2/21 loamy und textured unit, with 
charcoal fragments; weakly developed paleosol 

1 0  0.650 Dark grey coarse sandy ash, pocketing 

40 0.690 Dark brown ( 1 0YR3/31 fine undy loam textured unit 

1 0  0.700 Dark grey coarse undy ash, pocketing 

30 0.730 Dark brown ( 1 0YR3/31 fine undy loam textured unit 

1 0  0.740 Black pocketing coarse ash 

20 0.760 Dark brown medium undy loam textured unit, slightly 
greasy; weakly developed paleosol 

45 0.805 1 0 mm Pale grey fine ash 
1 0 mm Black coarse ash 
1 5  mm Black coarse ash and very fine lithic and pumice 

lapilli 
1 0  mm Black fine ash base 

30 0.835 Medium undy loam textured unit, slightly greasy 

1 0  0.845 7 mm Dark grey to black coarse ash 
3 mm Pale grey fine ash base 

45 0.890 Medium sandy loam textured unit, slightly greasy 

20 0.9 1 0  1 0  mm Black coarse ash 
1 0 mm Pale grey fine ash base 

1 0  0.920 Medium undy loam textured unit, slightly greasy 

40 0.960 30 mm Black coarse ash 
1 0 mm Pale grey fine ash base 

40 1 .000 Medium undy loam textured unit, slightly greaey 

50 1 .050 45 mm Black coarse ash 
5 mm Paler grey ash base 

50 1 . 1 00  Sandy loam textured unit, greasy 

30 1 . 1 30 Black coarse ash 

1 90 1 .320 Fine sandy loam textured unit, greasy; with scattered 
Taupo Pumice and charcoal fragments; paleosol 

40 1 .360 Dark grey medium scoriaceous lapilli interbedded In sandy 
loam textured ash 

300 1 .660 Yellowish brown slightly greasy aandy loam textured unit; 
paleosol 

240 1 . 900 White poorly sorted coarse ash and lapilli, with charcoal 

4 1 0  2.31 0 1 70 mm Dark brown ( 1 0YR3/31 fine sandy clay loam 
textured ash, greasy; with distinct dark coated 
root channels 

20 mm Black coarse ash, pocketing 
70 mm Olive brown (2.5Y4/41 fine sandy loam textured 

ash 
1 50 mm Alternately bedded black coarse ash and brown 

fine undy loam textured ash beds; 
discontinuous beds 

1 40 2.450 Yellowish brown (1 0YR5/41 fine sandy loam textured ash; 
paleosol 

30 2.480 Very pale brown (1 0YR8/31 fine ash 'cream cakes' 

250 2.730 Light olive brown (2. 5Y5/41 fine sandy loam textured ash, 
with scattered lapilli 

20 2.750 Black coarse ash, pocketing; distinct tephra 
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Formation Member Unit Cum. Description 

Depth Depth 

(mm/ (m} 

Papakai Formation & 1 80 2.930 light olive brown (2.5Y5/4) fine undy loam, alightly 
Hinemaiaia Tephra greuy, with interaperaed white and yellowish brown 

(1 0YR5/5) coarse pumiceoua uh 

Papakai Formation unnamed 750 2.980 Fine and medium pale pumice lapilli, firm pumice; with light 
olive brown sandy loam textured uh matrix 

1 00  3.080 Yellowish brown (1 0YR5/6) medium undy loam textured 
ash, alightly greuy 

unnamed 90 3. 1 70 Medium and fine pumice lapilli; olive interiora, firm pumice 

320 3.490 Yellowiah brown ( 1 0YR5/6) medium undy loam textured 
ash, alightly greuy; with many acattered bluish grey lithic 
lapilli eepecially at baae 

reworked Mangamate 330 3.820 Weakly bedded olive, grey, and atrong brown fine and very 
Tephra fine dominantly lithic lapilll, and very fine angular platy 

fragmenta; aharp contact• 

Mangamate Tephra 7Poutu Lapilli 50 3.870 Grey, and strong brown iron-atained medium and fine lithic 
lapilli and few poorly vesicular pumice lapilli 

7Wharepu Tephra 420 4.290 Weakly bedded olive grey fine and very fine dominantly 
lithic lapilli, and few pumice lapilli; looae aharp angular 
lapilli; normally graded 

1 70 4.460 Dark greyish brown (1 0YR4/2) to dark brown ( 1 0YR4/3) 
coarse lithic ash and fine lapilli, with few atrong brown 
iron-stained very fine pumice lapilli 

30 4.490 Dark grey 11  OYR4/1 )  to purplish grey coarae loamy ash 

1 50 4.640 Very dark grey ( 1 0YR3/1 ) and dark brown (7.6YR4/4) fine 
and very fine lapilli; angular, non- and poorly veaicular lapilli 

70 4.710 Very dark grey 11  OYR3/ 1 )  fine lithic lapilll, and fewer atrong 
brown pumiceoua lapilli; normally graded tephra, grading 
upwarda to coarae aah 

Poronui Tephra 30 4.740 White very fine aah, pocketing, interbedded with yellowiah 
brown ( 1 0YR5/5) coarae andeaitic aah 

Mangamate Tephra Ohinepango Tephra 90 4.830 Colour-bandad tephra comprising alternating black lithic 
dominant, and strong brown pumice dominant coarae aah 
bed a 

Bullot Fonnation unnamed 30 4.860 Very pale brown (1 0YR7/3) medium and fine pumice lapilli, 
(upper) and black lithic lapilli; very vesicular pumice; angular lithic• 

5 4.865 Black coarse aandy ash 

30 4.895 Strong brown fine and medium pumice lapilli with aandy 
loam textured ash matrix 

20 4.9 1 5  Yellowish brown coarae sandy loam textured ash, greaay 

20 4.935 Pumice and lithic lapilli, and greaay coarae aandy loam 
textured ash matrix 

50 4.985 Yellowish brown ( 1 0YR5/6) and greyish brown (2.5Y5/2) 
coarse undy loam to aandy clay loam textured medial unit, 
showing paleosol development; with yellowiah red iron-
atained contact• and mottlea 

unnamed 50 5.035 Yellowish brown (1 0YR5/6) coarse sandy loam textured 
ash and fine and very fine atrong brown pumice lapilli and 
grey lithic lapilli 

50 5.085 Brownish yellow (1 0YR6/6) fine and medium pumice lapilli, 
with light grey (1  OYR7/2) interiors, and a coarse ash matrix 

90 5. 1 76 Grey (2.5Y5/2) loamy und 

1 30  5.305 Yellowiah brown (1 0YR5/4) sandy loam textured medial 
unit, greaey; with scattered lapilli 

unnamed 80 5.385 Yellowish brown fine and fewer medium pumice lapilli and 
very fine angular, platy pumice fragmenta, and a variety of 
lithic lapilli; loose lapilli, gravelly texture 

280 5.665 Coarae aandy loam textured medial unit, alightly greasy; 
with many interspersed fine lithic and pumice lapilll, 
increasing in concentration toward baae of unit 

70 5.735 Greyish brown (2.5Y5/2) gleyed sandy loam textured 
medial unit, ahowing paleosol development, greaay, with 
interspersed medium pumice and lithic lapilli, and diatinct 
dark coated root channels; with yellowish brown ( 1 0YR5/6) 
iron-stained contacts; 
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Formation Member Unit Cum. Description 

Depth Depth 

(mm) (mJ 

Bullot Formation unnamed 40 5.775 Dark yellowiah brown (1 0YR4/41 medium and fine pumice 
(upperl lapilli; with pale yellow 7imogolite coating• on lapilli facea; 

aome coarae aandy loam textured aah matrix 

50 5.825 Coarae aandy loam textured medial unit, with dark coated 
root channela, and aome pumice and lithic lapilli 

30 5.855 Purpliah grey coarae aah and acattered lapilli 

80 5.935 Strong brown (7.5YR5/61 medium and fine pumice lapilli, 
with yellowiah brown Interior•. and black lithic lapilli; 
7imogolite coating• on pumice facea 

50 5.985 Yellowiah brown ( 1 0YR5/41 coarae aandy aah and lapilli 

50 6.035 light olive brown (2.5Y5/41 coarae aandy aah; with lapilli at 
baae 

50 6.085 Dark grey (2.5Y4/0I to purpliah grey coarae aandy aah 

20 6. 1 05 Grey aah and fine lapilli 

20 6. 1 25 Yellow medium pumice lapilli; aome aah matrix 

30 6. 1 55 Black coarae aandy aah 

member l 1 7  50 6.205 Dark greyiah brown (2.5Y4/21 medium and coarae pumice 
lapilli, and few lithic lapilli; very veaicular, brittle pumice; 
looae lapilli 

unnamed 40 6. 245 Yellowiah brown loamy aah 

60 6.305 Pumice lapilli and coarae aah 

20 6.325 Yellowiah brown greaay aandy loam 

M• 90 6.4 1 5  1 0 mm Black coarae ash 
30 mm Brownish grey loamy uh 
20 mm Fine lapilll and coarae aah 
30 mm Brownish grey greaay aandy loam textured ash 

member l 1 6  80 6.495 Olive brown (2.5Y4/41 and yellow ( 1 0YR7/61 fine, medium, 
and few coarae pumice lapilli, with yellow and very pale 
brown ( 1 0YR7/3 - 8/31 interior•. and with black lithic lapilli 

unnamed 50 6.545 Dark yellowiah brown ( 1 0YR4/41 fine aandy loam textured 
aah, greaay 

60 6.605 Yellowlah brown medium pumice lapilll and aandy loam 
textured aah 

40 6.645 Yellowiah brown medium aandy loam textured aah, alightly 
greaay 

30 6.675 Medium pumice lapilli in brown aandy loam textured aah 

60 6.735 Brown aandy loam textured ash 

50 6.785 Strong brown pumice and black lithic lapilli; diacontinuoua 
tephra 

60 6.845 Grey fine aandy loam textured ash, alightly greaay 

Waiohau Tephra 40 6.885 White (1 OYR8/21 very fine ash; discontinuoua tephra; with 
intermixed black fine andesitic lapilli in baae 

Bullot Formation unnamed 20 6.905 Brownish grey sandy loam textured aah 
(upperl 

20 6.925 Dark purpliah black coarae ash 

20 6.945 Purpliah grey aandy aah 

60 7.005 Dark purple aandy ash 

1 1 0 7. 1 1 5 Grey gleyed aandy loam textured medial unit, ahowing 
paleoaol development; very greaay, with acattered lapilli 
and coated root channela; with dark brown (7.5YR4/41 and 
dark grey (1 OYR4/1 1  contacta 

unnamed 70 7. 1 85 Grey coarae aandy loam textured aah and acattered fine 
pumice and lithic lapilli; gravelly texture 

60 7. 245 Yellowiah brown medium and few coarse pumice lapilli, and 
grey lithic lapilli 

1 0  7.255 Dark purplish black coarae ash 

60 7.31 5 Yellowish brown fine aandy loam textured medial unit 

unnamed 20 7.335 Yellow soft pumice lapilli interbedded in a grey aandy aah 
matrix 

40 7. 375 Dark purplish black ash and baaal very fine lithic lapilli 

50 7.425 Yellowish brown fine undy loam textured ash 



A 1 59 

Formation Member Unit Cum. Description 

Depth Depth 

(mm) (m) 

Bullot Formation unnamed 90 7.5 1 5  Olive brown (2.5Y4/41 fine and medium pumice lapilll, with 
(upper) very dark greyish brown (2.5Y3/2) lnteriora, and very fine 

angular, platy pumice fragment• and few lithic lapilli; very 
veaicular pumice 

1 1 0 7.625 Olive brown (2.5Y4/4) fine sandy loam textured medial 
unit, ahowing paleoaol development, alightly gre81y; with 
dark coated root channel• and Interbedded medium lapllll 

Bullot Formation ?member L8 1 20 7.745 Light yellowlah brown ( 1 0YR6/4) to light olive brown 
(upper) (2.5Y5/4) medium to very fine pumice lapilli, and 

pumiceoua coarae 81h; very aoft pumice; reveraely graded 
tephra, grading upward a from dominantly coarae aah, to 
dominantly medium lapilli 

unnamed 60 7.805 Dark greyiah brown (1 OYR4/2) fine and medium pumice 
lapilli 

50 7 .855 Lithic lapilli with fewer dark greyiah brown ( 1 0YR4/2) fine 
pumice lapllli 

60 7.915 Dark greyiah brown medium aandy loam textured medial 
unit, with lnterapersed acattered fine lapilll 

Rerewhakaaitu Tephra 40 7.955 Light grey (1 OYR7/1 I fine ash interbedded within dark grey 
coarae andeaitic ash and very fine lithic lapilli; 
discontinuous tephra 

Bullot Formation unnamed 40 7.995 Greyiah brown loamy aah and fine lithic and fewer pumice 
(middle) lapilli 

40 8.035 Greyiah brown coarse ash 

member L7 1 00  8. 1 35 Brownish yellow ( 1 OYR6/6) and yellowish brown 
(1 0YR5/4) fine, medium and few coarae pumice lapilli, with 
olive grey (5Y5/2) interiora, and few black and browniah 
red lithic lapilli concentrated in baaal 20 mm; aome grey 
aandy ash matrix 

unnamed 1 20 8.255 Dark brown (1 0YR4/3) grey and brown coarae loamy aah 

member L5 220 8.475 Olive (5YR5/6) fine and medium pumice lapilli, with aame 
coloured interiors, and black and olive grey lithic lapilli; with 
a coarse ash matrix 

Te Heuheu Formation unnamed 8000 1 6.475 Iron-stained coarse aand and granule matrix, lithlfied; with 
matrix-supported dominantly medium purple, red, black and 
grey andeaitic pebblea, and brownish yellow and 
multicoloured fine and medium pumice pebblea; aome 
cobble• and bouldera; angular and aubrounded claata; 
poorly bedded depoait; debris flow depoait 

5000 21 .475 Brown aand and granule matrix; with matrix and pocket• of 
clast-aupported andeaitic pebblea, cobble• and bouldera; 
maximum cleat 2 m (boulder); lower 1 m finer grade with 
overall amaller clasts; debria flow depoait 

1 400 22.875 Bedded coarae and fine sand with pebblea; beda 
thickne11e1 generally 50 - 1  00 mm; aome cro11-beda; 
fluvial deposit 

700 23.575 Dark brown I 1 OYR3/3) centimetre- and millimetre-bedded 
aand and granule matrix, lithified, with andeaitic and 
pumice pebblea; deposit ahowa characteriatica tranaitional 
between fluvial and hyperconcentrated flood flow depoaita 

Bullot Formation unnamed 100 23. 675 Strong brown fine airfall pumice lapilli, angular; with a 

(middle) aandy loam textured ash matrix 

Te Heuheu Formation unnamed 1 200 24.875 Light brown coarse aand and granule matrix, lithified, and 
bedded at base; with abundant multicolored fine andeaitic 
pebbles and pale yellow pumice pebble• concentrated In 
base of deposit; hyperconcentrated flood flow depoait 

2000 26.875 Coarse aand and granule matrix, lithified; upper 400 mm 
poorly bedded; with many fine and coarae andeaitic 
pebblea; prominent, bluff-forming unit; hyperconcentrated 
flood flow deposit 

3400 30.275 Pink laminated clay with pocketing olive grey aand 
interbeda 

1 00  30.375 Olive grey greasy aandy loam textured medial unit 

Bullot Formation unnamed 80 30.455 Grey and atrong brown pumice lapilll, atrongly weathered 
(middle) pumice; with a undy loam textured aah matrix 



Formation Member 

Te Heuheu Formation unnamed 

Te Heuheu Formation unnamed 

Unit 

Depth 

(mm) 

800 

400 

1 00  

240 

1 600 

250 

4000 

4000 

3000 

5000 

4000 

220 

Cum. 

Depth 

(m) 

31 . 255 

31 .655 

31 .755 

31 . 995 

33.595 

33.845 

37.845 
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Description 

Grey l5Y6/1 1 pebbly send; meSiive; hyperconcentreted 
flood flow depoait 

Pink aendy clay matrix; with yellow end multicoloured, very 
veaiculer, phenocryat-rich fine end medium pumice pebblea; 
meaaive; diatinctive; hyperconcentreted flood flow depoait 

Browniah grey loamy aend, with aome iron·ateined root 
chennela, end acettered yellow medium pumice pebblea; 

Grey pebble-rich coerae aend; hyperconcentreted flood flow 
depoait 

Loamy aend end granule matrix; with metrix·aupported 
endeaitic pebblea, cobble• end bouldera; ungraded depoait; 
aherp beael contact; debria flow depoait 

Grey pebbly aend; hyperconcentreted flood flow depoait 

Send end granule matrix, lithified; with matrix·aupported 
endeaitic coerae pebblea, cobble• end bouldera; normally 
graded cluta, with upper 70 mm containing finer cleata 
then et bue; debria flow depoait 

41 . 845 Send end granule matrix; with metrix·aupported cobble• 
end bouldera; normally graded elute; debria flow depoalt 

44.845 Poorly expoaed deposit compriaing bedded unda end 
granule• end endeaitic pebblea; hyperconcentrated flood 
flow depoalt 

49. 845 Coerae aend end granule matrix, with metrix·aupported 
endeaitic pebble• to boulders; elute are normally graded 
throughout unit; debria flow depoait 

53.845 Debria flow deposita 

54.065 Loamy aend textured medial unit, ahowing peleoaol 
development 

54.565 Pebble-rich debris flow deposita, over multiple older 
inecce11ible endeeitic diemictone 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Form��tion Member 

Onetapu Formation unnamed 

Makahikatoa Sands 

Onetapu Formation unnamed 

Ond 

Tufa Trig Formation member Tf6 

Makahikatoa Sands 

Tufa Trig Formation member Tf5 

Makahikatoa Sand a 

Tufa Trig Formation member Tf4 

A 1 6 1  

Whangaehu River Section 6 [WR6J 

T20/438033 

A large cutting on the western river bank of Whangaehu 

River, Rangipo Desert, south of The Chute 

Unit Cum. Description 

Depth Depth 

(mm} (m} 

1 40 0. 1 40 Pale brownish grey coarse und and granule matrix, poorly 
sorted; with matrix-supported fine and some medium to 
coarse red, black and grey andeaitic pebbles and acoria; 
angular and sub angular pebblea; sharp contacts; debris 
flow deposit 

300 0.440 Pale grey weakly bedded unda and andeaitic pebbles; 
comprising granule dominant, and und dominant beds, 
< 1 00 mm depth, and interbedded und laminae; with few 
fine andeaitic pebbles (maximum cleat 1 0 mm) scattered 
within beds; discontinuous unit; hyperconcentrated flood 
flow deposit 

1 30 0.570 Grey medium loamy und textured matrix, moderately well 
sorted, with matrix-supported fine dominantly black acoria 
pebbles, and occasional cobbles; with common reworked 
white Taupo Pumice lapilll; Finer basal 1 0  mm comprising 
brown fine und and black aand laminae; discontinuous 
unit; debris flow deposit 

90 0.660 Dark grey, moderately well sorted medium aand with 
reworked very fine Taupo Pumice lapilli and coarse ash, 
scattered throughout and also occurring in lenses 

60 0.720 Dark yellowish brown ( 1 OYR4/41 coarse sandy loam 
textured medial unit 

920 1 .640 Grey and purplish grey sandy loam textured matrix, with 
strong brown mottles; many matrix-supported black and 
red andesitic cobbles, boulders and fine pebbles, and 
common strong brown and white hydrothermally altered 
lithic granules, and few pumice pebbles; maximum cleat 
600 mm; aubrounded and angular protruding cluta with 
iron-stained faces; ungraded unit; distinct wavy basal 
contact; debris flow deposit 

1 20 1 .760 Bedded brown and black medium sand, well sorted, with 
laminae of fine sand at base of unit; scattered very fine 
reworked Taupo Pumice; sharp contacts; ?fluvial deposit 

650 2.41 0 Medium sand and granule matrix, poorly sorted; with 
matrix-supported pebbles and boulders; dominant cleat size 
is very coarse pebble; dominant lithology is black acoria; 
many grey andesitic pebbles and white iron-stained 
hydrothermally altered clasta; aubrounded and aubangular 
clasta; slightly finer pebble-rich basal 1 50 mm; debris flow 
deposit 

1 0  2.420 Dark greyish brown ( 1 0YR4/21 fine, very greasy aandy clay 
textured medial unit, sticky 

45 2.465 Black coarse ash. well sorted, bifurcating along exposure 

20 2.485 Dark brown (7.5YR4/21 coarse aandy loam textured unit, 
with reddish brown mottlea about root channels; distinct 
contacts 

45 2.530 Black (5Y2/1 I coarse ash, with a grey thin fine ash base; 
member shows distinct reverse grading 

30 2.560 Dark greyish brown ( 1  OYR4/21 fine sandy loam textured 
unit; with iron-stained root channels; wavy distinct 
contacts 

20 2.580 Very dark grey coarse ash, pocketing 

1 30  2 . 7 1 0  Dark yellowish brown (1 0YR4/41 medium sandy clay loam 
textured medial unit, showing paleosol development; with 
scattered fine lapilli and dark brown coated root channels; 
sharp basal contact 



Form��tion 

Onetapu Formation 

Taupo Pumice 

7Papakai Formation 

Mangaio Formation 
(distal deposits) 

Member 

unnamed 

unnamed 

Taupo lgnimbrite 

Unit 

Depth 

(mm) 

470 

Cum. 

Depth 

(m) 

3. 1 80 

A 1 62 

Description 

Very coarse aand, and granules, and many fine to coal'8e 
red, black and grey andealtic pebbles, and grey pumice 
pebbles; maximum claat 30 mm; discontinuous unit; 
ungraded; possibly hyperconcentrated flood flow deposit 

70 3.250 Dark yellowish brown (1 0YR4/41 medium sandy loam 

1 20 

1 250 

60 

textured medial unit, with few scattered very fine and fine 
lithic lapilli 

3.370 Loamy coarse sand and granule matrix; with matrix­
supported, dominantly medium and coarse andeaitic 
pebble a and scattered cobble a; maximum cl a at 1 00 mm; 
red grey and fewer black acoria pebbles with iron-atained 
faces; rounded claata; discontinuous, ungraded unit; debris 
flow deposit 

4.620 Greyish brown (2.5Y5/21 poorly sorted coarse aah and fine 
pumice lapilli, with charcoal; very coarse crystal-rich 
deposit at base of lgnimbrite; sharp smooth contacts, with 
eroded upper surface 

4.680 Dark brown (7.5YA4/2) coarse sandy loam textured unit, 
greasy 

60 4.740 Dark greyish brown (1 0YR4/21 coarse sandy loam textured 

1 40 

1 1 0 

200 

1 20 

1 80 

1 0  

50 

2 1 0  

1 70 

260 

1 30 

1 20 

1 1 0 

unit, greasy; sharp basal contact 

4.880 Coarse sandy clay loam textured unit, with many 
hydrothermally altered lithic granules, and grey and black 
medium to very coarse andeaitic pebbles, with iron-stained 
faces; maximum claat 50 mm; aubrounded and aubangular 
pebbles; basal 20 mm comprises sand laminae; 
7hyperconcentrated flood flow deposit 

4.990 

5. 1 90 

5.31 0 

5.490 

5.500 

5.550 

5.760 

5.930 

6. 1 90 

6.320 

6.440 

6.550 

Grey gleyed sandy clay loam textured unit; with common 
hydrothermally altered lithic granules and scattered fine 
andeaitic pebbles; with brown coated root channels 

Yellowish brown ( 1 0YR6/8 - 5/81 coarse sandy clay loam 
matrix, with yellowish red (5YR5/61 monies; with matrix­
supported dominantly coarse grey andeaitic pebbles, with 
iron-stained faces, and common very coarse pebbles to 
cobbles; maximum cleat 1 20 mm; ungraded; debris flow 
deposit 

Purplish grey to greyish brown gleyed, greasy aandy clay 
loam textured unit, over grey gleyed and mottled greasy 
coarse sandy clay loam 

Grey coarse sandy clay loam textured unit, granule-rich, 
with yellowish brown monling; many medium and fine 
grey, red and hydrothermally altered andeaitic pebbles; 
sharp contacts; hyperconcentrated flood flow deposit 

Yellowish brown (iron-stained) coarse aandy clay, greasy 

Moderately well sorted, dominantly coarse aand, and 
hydrothermally altered lithic granules; sharp contacts 

Yellowish brown coarse sandy clay textured unit, with 
lithic granules (dominantly hydrothermally altered, and soft) 
and fine pebbles 

Weakly bedded yellowish brown well sorted aand-rich 
beds, granule-rich beds, and orange clay beds 

Sandy clay loam textured matrix; with abundant matrix­
supported hydrothermally altered, and grey, red, and black 
andeaitic pebbles; maximum claat 10 mm; clasta fine 
towards top of unit; gleyed baaal 50 mm 

Brown coarse aandy loam textured unit, very greasy 

Black coarse sand 

At river level: yellowish brown very coarse sand and 
hydrothermally altered lithic granules; base of unit not 
exposed 



Section Name and Map Code: 

Grid Reference: 

Locality: 

Form��tion Member 

Papakai Formation 

Bullot Formation ?Ngamatea lapiili-1 
(upper) 

unnamed 

Tangatu Formation unnamed 

8ullot Formation unnamed 
(upper) 

Shawcroft Tephra 

unnamed 

Waiohau Tephra 

8ullot Formation unnamed 
(upper) 

unnamed 

A 1 63 

Whangaehu River Section 8 [WR8) 

T20/3 9795 1 

An exposure on the Whangaehu escarpment, immediately 

east of Whangaehu River, and approx. 300 m south of 

Whangaehu River S. 1 (WR 1 ) 

Unit Cum. Description 

Depth Depth 

fmmJ (mJ 

540 0.540 Yellowiah brown medium undy loam textured .. h. with 
thin, indiatinct interbedded lapilli unita; paleoaol 

70 0.61 0 Yellowiah brown fine aandy loam textured-aah, with root 
channel•. and acattered fine lapllli; paleoaol 

80 0.690 Dark brown (7.5YR4/4) fine and medium pumice lapilli, and 
fewer dark grey fine lithic lapilli; looae lapilli, gravelly 
texture 

20 0.7 1 0  Grey coarae ash, firm 

1 20 0.830 Yellowish brown medium aandy loam textured medial unit 

280 1 . 1 1 0 Pale greyiah brown coarae aand and granule•. poorly 
aorted, and dominantly grey fine andesitic pebblea, aome 
acoria, and occuional cobble•; maximum cl .. t 70 mm; 
poorly aorted base, becoming weakly atratified at top; 
?hyperconcentrated flood flow deposit 

50 1 . 1 60 Fine sandy loam textured unit with abundant lithic granule• 
and common fine pumice lapilli 

3 1 0  1 .470 Dark gray atratified aand1 and lithic granule•. with many 
grey fine andesitic pebble•; alight normal grading, with 
finer grained atratified top; distinct contacta; finer grained 
depoait than overlying unit; hyperconcentrated flood flow 
deposit 

30 1 .500 light brown granule-rich fine sandy loam textured unit 

330 1 .830 Grey coarae aand and granule•. with many medium grey 
andeaitic pebble• and occasional cobblea; alight normal 
grading to finer weakly ltratified top; aemi-lithified. 
prominent unit; aharp contact•; hyperconcentrated flood 
flow depoait 

70 1 .900 Weakly bedded grey coarse aand 

80 1 .980 Yellowiah brown ( 1 0YR5/8) fine aandy loam· undy clay 
loam textured paleoaol 

1 20 2. 1 00  Brown fine pumice and grey lithic lapilli; ungraded 

20 2. 1 20 Pale grey lithic coar1e aah and fine lapilli 

30 2. 1 50 Greyiah brown fine sandy clay loam textured medial unit; 
with many very fine pumice and lithic lapilli; common root 
channels; diatinct contact• 

1 70 2.320 Very dark grey fine lithic lapiili and yellowiah brown fine 
pumice lapilli; basal 30 mm comprise• yellowish brown 
pumice lapilli; soft pumice; angular lithic lapilli 

20 2.340 Pale brown fine sandy loam textured uh 

20 2.360 White very fine ash, pocketing 

20 2.380 Black coarse ash 

70 2.450 Purplish black medium aandy uh 

1 50 2.600 50 mm Greyish brown fine aandy clay loam textured 
medial unit, greuy, with common fine yellow 
pumice lapilli 

30 mm Greyish brown fine undy clay loam textured 
medial unit with very fine lithic and pumice 
lapiili 

70 mm Greyish brown fine sandy clay. greuy 

50 2.650 Yellowiah brown fine pumice lapiili, with pale yellow 
interiors, and dark grey very fine lithic lapilli 

70 2.720 Greyish brown medium sandy clay textured ash, with root 
channel•; paleosol 



Formation Member Unit 

Depth 

(mm) 

Tangatu Formation unnamed 320 

30 

Bullot Formation unnamed 50 

?Tang atu Formation unnamed 1 30  

Bullot Formation unnamed 70 

Te Heuheu Formation unnamed 530 

270 

Cum. 

Depth 

(m) 

3.040 

3.070 

3. 1 20 

3.250 

3.320 

3.850 

4. 1 20 

4. 1 20 

A 1 64 

Deacription 

Grey sands and granules with dominantly very coarse 
andeaitic pebbles; alight normal grading; lenticular 
7hyperconcentrated flood flow deposit 

Greyish brown medium sandy loam textured unit, greasy 

Pale yellow fine pumice lapilli, grey lithic lapilli, and coarse 
pumiceous ash; soft pumice 

Bedded greyish brown medium loamy textured sand and 
grey fine loamy textured sand 

Fine and very fine lithic and pumice lapilli in sandy loam 
textured .. h matrix 

Medium sandy loam textured matrix, with interbedded 
lenses of grey loamy sand; many fine and medium andesitic 
pebbles, rounded; unit fines upwards; debris flow deposit 

Grey fine sand and granule matrix, poor1y sorted, with 
many medium and some very coarse andeaitic pebbles; 
lenticular unit; ungraded; debris flow deposit 

on undeacribed cliff-forming sequence of debris flow 
deposita 



Section Name and Map Code: 

Grid Reference: 

Locality: 

FormtJtion Member 

Bullot Formation Shawcroft Tephra 
(upper) 

Waiohau Tephra 

Bullot Formation 

unnamed 

unnamed 

?member L6 

Te Heuheu Formation unnamed 

Bullet Formation unnamed 

A 1 65 

Whangaehu River Section 9 [WR9J 

T20/4 1 1 966 

An exposure on the Whangaehu escarpment, at the northern 
end of small pine plantation, on the highest terrace 

Unit Cum. Description 

Depth Depth 

(mm) (m) 

0.000 Stratigraphy above Shawcroft Tephra ia obacured 

80 0.080 60 mm Black fine and very fine lithic lapilli and fewer 
atrong brown l7. 5YR5/8) fine and very fine 
pumice lapilli 

20 mm Strong brown (7.5YR5/8) fine and very fine 
pumice lapilli, with pale yellow to white 
interiora, aoft pumice; aharp baaal contact 

40 0.1 20 Yellowiah brown (1 0YR5/4) fine undy loam textured 
paleoaol; with common root channela; friable 

30 0. 1 50 White very fine aah; discontinuoua; aharp contact• 

40 0. 1 90 Very dark grey (2.5Y3/2 to 1 OYR3/1 ) loamy textured 
coarae aah and very fine lithic lapilll 

60 0.250 light olive brown (2.5Y5/4) undy loam textured medial 
unit, with common very fine lithic lapilli; greaay, with 
common root channel•; paleosol 

60 0.31 0 Greyish brown (2.5Y5/2) to brown (1 0YR5/3) coarae ash 
and fine lithic lapilli, and olive pumice lapilli with light 
browniah grey (2.5Y6/2) interiora; ungraded; sharp 
contacts 

70 0.380 light yellowish brown (2.5Y6/4) sandy loam textured aah, 
with root channels 

60 0.440 light olive brown (2.5Y5/4) coarse aah 

80 0.520 Greyiah brown (2.5Y5/2) and dark brown ( 1 0YR4/3) coarae 
aah and very fine lithic lapilli; gravelly texture 

80 0.600 Pale brown (1 0YR6/3) and light browniah grey (2.5Y6/2) 
dominantly fine pumice lapilli, with pale yellow Interiors; 
very veoicular pumice; few black fine lithic lapilli; aome 
coarse aah matrix 

1 50 0.750 Dark yellowish brown ( 1 0YR4/4) to olive brown (2.5Y4/4) 
coarse sandy loam textured paleoool, greasy; with aome 
root channels; friable; sharp contact• 

1 40 0.890 50 mm Yellowish brown fine pumice lapilli, with pale 
grey interiors, and dark grey (2.5Y4/0) lithic 
lapilli, and coarse ash 

40 mm Dark grey coaroe lithic ash 
50 mm Yellowish grey fine pumice lapilli, dark grey 

lithic lapilli, and coaroe aah 

90 0.980 30 mm Very dark grey (2.5Y3/0) coarse loamy textured 
ash 

40 mm Very dark grey coarse ash 
20 mm Dark brown (1 0YR4/3) loamy textured coarse 

ash; distinct contacts 

60 1 .040 Pale brown ( 1 OYR6/3) dominantly fine pumice lapilli, and 
few coarse lapilli, with greyish brown (2.5Y5/2) interiors; 
and fewer black lithic lapilli; ungraded tephra 

2000 3.040 Yellowish brown (1 0YR5/6) sandy loam textured matrix, 
semi-lithified; with dominantly very coarae andeoitic 
pebbles, and cobblea, and acattered yellow pumice 
pebbles; few clasts in upper 800 mm; debris flow deposit 

1 000 4.040 Sequence of thin (200 mm) grey sand and granule beds, 
with occaaional andeaitic pebbles; hyperconcentrated flood 
flow deposita 

40 4.080 Sand dominant unit, with common andeaitic pebblea 

80 4. 1 60  Brown fine sandy loam textured ash with three Interbedded 
yellow fine pumice lapilli units, on 



Form��tion 

Te Heuheu Formation 

Member 

unnamed 

Unit 

Depth 

(mm) 

Cum. 

Depth 

(m) 

4. 1 60  

A 1 66 

Description 

On cliff-forming sequence of lithified hyperconcentrated 
flood flow and debris flow deposita; containing andeaitic 
pebbles and pumice pebbles; interbedded with occasional 
light reddish brown (5Y6/4) clay beds, grey sandy loam 
textured beds, and some Bullot Formation lapilli units 



APPENDIX I l l  

ELECTRON MICROPROBE AND X-RA V FLUORESCENCE ANALYSES 

Ilia Rhyolitic Glass EMP p. A 1 76 

lllb Clinopyroxene EMP p. A 194 

lllc Orthopyroxene EMP p. A225 

llld Olivine EMP p. A 256 

llle Hornblende EMP p. A264 

l i lt Titanomagnetite/llmenite EMP p. A 2 75 

lllg Glass EMP p. A282 

lllh Bulk Rock Pumice Lapilli XRF p. A293 



Column title 

Core 
Rim 
Gms 
Gs 
lnclpx 
lnclpl 
lnclol 
Band x 

Phenocryst core 
Phenocryst rim 
Groundmass 
Glass shard 
Glass is inclusion in pyroxene 
Glass is inclusion in plagioclase 
Glass is inclusion in olivine 
Indicates band in which glass 
was analysed 

A 1 68 

Analyses are numbered consequetively, with analyses from the same mineral grain given 
the same number with 'a'  and 'b' suffix. 

Values below accurate detection limit 

Values below detection limit are given, but prefixed with an asterisk. They are, however, 
excluded from all mean and standard deviation calculations. 

Mean and standard deviation statistics 

Mean and standard deviations presented are calculated for values above detection limit 
only . Where both core and rim analyses are presented (orthopyroxene, clinopyroxene, olivine, 
hornblende) only core anlayses are used . For glass results, only groundmass analyses 
(excluding inclusions) are used, and in the titanomagnetite/ilmenite results only the 
titanomagnetite values are included. 

Water content and normalisation 

In glass analyses the water content is assumed to be the difference between analysis total 
and 100%. Only results above the detection limit are normalised. 

Abbreviations 

The following abbreviations are used in the tabled presentation of analyses: 

Calculations 

na 
L. O. I. 
Mg Nll 
Fo% 
En% 
Fs% 
Wo% 

not analysed 
loss on ignition 
magnesium number 
forsterite content 
enstatite content 
ferrosil ite content 
wollastonite content 

Calculations use Mg, Fe and Ca cation values only (Mn is excluded). 

Mg Nll 
Fo% 
En % 
Fs% 
Wo% 

1 00 * Mg/(Mg + Fe) 
1 oo • Mg/{ Mg + Fel 
1 00 * Mg/(Mg + Fe +  Ca) 
1 00 * Fe/{Mg + Fe +  Ca) 
1 00 * Ca/(Mg + Fe +  Ca) 



A 1 69 

Sample Tephra Section Page 
Code 

R4 Waimihia Tephra Tufa Trig 5.2 A176 

R6 Hinemaiaia Tephra Desert Road 5.1 1 A177 

R7 Hinemaiaia Tephra Death Valley T.L. A179 

RS Whakatane Tephra Death Valley 5.6 A TBO 

R9 Motutere Tephra Death Valley 5.4 A T B T  

R 1 1 Waiohau Tephra Wahianoa Aqueduct A182 

R12 Waiohau Tephra Missile Ridge A184 

R 1 4  Rerewhakaaitu Tephra Bullot Track 5.1 A185 

R15 Rerewhakaaitu Tephra Whangaehu River 5.5 A186 

R16 Rerewhakaaitu Tephra Desert Road 5 . 1  0 A187 

R18 Okareka T ephra Bullot Track 5 . 1  A TBB 

Okareka Tephra Okareka Quarry T.L. A190 

R1 9 Kawakawa Tephra Formation Desert Road 5 . 1 0  A192 



A 1 70 

iux-': . .  ::· .:·: ,.,:_: ·: ··,._:i ' 
Tephra Page 

Member Tf14, Tufa Trig Formation A194 

Member Tf8, Tufa Trig Formation A195 

Member Tf5, Tufa Trig Formation A196 

Member Tf1, Tufa Trig Formation A197 

Poutu Lapilli, Mangamate Tephra A198 

Waihohonu Lapilli, Mangamate Tephra A200 

Oturere Lapilli, Mangamate Tephra A202 

Te Rato Lapilli, Mangamate Tephra A203 

Okupata Tephra A205 

Pahoka Tephra A204 

Pourahu Member [tephra unit) [BT1 ), Bullot Formation A206 

Pourahu Member [tephra unit) [WS 1 ), Bullot Formation A207 

Pourahu Member [tephra unit) [DR16), Bullot Formation A208 

Pourahu Member [tephra unit) [OT), Bullot Formation A209 

Pourahu Member [ignimbrite unit) [CT), Bullot Formation A210 

Pouahu Member [ignimbrite unit) [MQ], Bullot Formation A211 

Ngamatea lapilli-1 , Bullot Formation A212 

Helwan lapilli, Bullot Formation A213 

Member L 1 7, Bullot Formation A214 

Member L 16, Bullot Formation A215 

Shawcroft Tephra, Bullot Formation A216 

Rotoaira Lapilli A218 

Member L8, Bullot Formation A219 

Member L7b, Bullot Formation A220 

Member LS (pink lapilli), Bullot Formation A221 

Member L4, Bullot Formation A222 

Member L3 (hokey pokey lapilli), Bullot Formation A223 

Member L 1 (green ash), Bullot Formation A224 



-"ll .. .· · · . :  ... . : . s;.) ���! IU�"�� ) 
. 

Tephra 

Member Tf14, Tufa Trig Formation 

Member TfS, Tufa Trig Formation 

Member Tf5, Tufa Trig Formation 

Member Tf1, Tufa Trig Formation 

Poutu Lapilli, Mangamate Tephra 

Waihohonu Lapilli, Mangamate Tephra 

Oturere Lapilli, Mangamate Tephra 

Te Rato Lapilli, Mangamate Tephra 

Pahoka Tephra 

Okupata Tephra 

Pourahu Member [tephra unit) [BT1 ), Bullot Formation 

Pourahu Member [tephra unit) [WS 1 ), Bullot Formation 

Pourahu Member [tephra unit) [DR16), Bullot Formation 

Pourahu Member [tephra unit) [OT), Bullot Formation 

Pourahu Member [ignimbrite unit) [CT), Bullot Formation 

Pourahu Member [ignimbrite unit) [MQJ. Bullot Formation 

Ngamatea lapilli-1 , Bullot Formation 

Helwan lapilli, Bullot Formation 

Member L 17, Bullot Formation 

Member L 16, Bullot Formation 

Shawcroft Tephra, Bullot Formation 

Rotoaira Lapilli 

Member LS, Bullot Formation 

Member L7b, Bullot Formation 

Member L6 (pink lapilli), Bullot Formation 

Member L4, Bullot Formation 

Member L3 (hokey pokey lapilli), Bullot Formation 

Member L 1 (green ash), Bullot Formation 

A 1 7 1  

: :::: : : 
Page 

A225 

A226 

A227 

A228 

A229 

A230 

A231 

A232 

A233 

A234 

A236 

A238 

A239 

A240 

A241 

A242 

A243 

A244 

A245 

A246 

A247 

A249 

A250 

A251 

A252 

A253 

A254 

A255 
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Tephra Page 

Poutu Lapilli, Mangamate Tephra A256 

Waihohonu Lapilli, Mangamate Tephra A257 

Oturere Lapilli, Mangamate Tephra A259 

Pourahu Member [tephra unit) [OT), Bullot Formation A260 

Shawcroft Tephra, Bullot Formation A261 

Rotoaira Lapilli A262 

Member L3 (hokey pokey lapilli) ,  Bullot Formation A263 



A 1 73 

Tephra Page 

Oturere Lapilli, Mangamate Tephra A264 

Te Rato Lapilli, Mangamate Tephra A265 

Pahoka Tephra A267 

Ngamatea lapilli-1, Bullot Formation A269 

Pourahu Member [tephra unit) [OT), Bullot Formation A270 

Pourahu Member [tephra unit) [DR16), Bullot Formation A271 

Member L 17, Bullot Formation A272 

Member L6 (pink lapilli), Bullot Formation A273 

Member L 1 (green ash), Bullot Formation A274 
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Tephre Page 

Ngamatea lapilli-1, Bullot Formation A275 

Pourahu Member [tephra unit) [BT1 ), Bullot Formation A276 

Pourahu Member [ignimbrite unit) [CT), Bullot Formation A277 

Member L 1 7, Bullot Formation A278 

Member L 16, Bullot Formation A279 

Member LS, Bullot Formation A280 

Member L6 (pink lapilli), Bullot Formation A28 1 
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Tephra Page 

Member Tf14, Tufa Trig Formation A282 

Member Tf8, Tufa Trig Formation A283 

Member TfS, Tufa Trig Formation A284 

Poutu Lapilli, Mangamate Tephra A285 

Pourahu Member [tephra unit) [BT1 ), Bullot Formation A286 

Pourahu Member [tephra unit) [DR16), Bullot Formation A287 

Pourahu Member [ignimbrite unit) [CTJ : unbanded, Bullot Formation A288 

Pourahu Member [ignimbrite unit) [CTJ: banded, Bullot Formation A289 

Member L6 (pink lapilli), Bullot Formation A291 

Member L3 (hokey pokey lapilli), Bullot Formation A292 



R4 [Waimihia Tephra]. Tufa Trig 5.2 
EMP analyses: glass 

Si02 76.08 76.32 76.79 76.90 

Al20, 1 2.68 1 2.84 1 2.69 1 2.71  

Ti02 0 . 1 6  0 . 1 7  0 . 1 7  0. 1 7  

FeO 1 .76 2.03 1 .67 1 .66 

M gO 0 . 1 6  0.2 1 ·o.oo 0.10 

CoO 1 .34 1 .30 1 . 1 2  1 . 1 0  

No,O 4.06 3.86 4 . 1 2  4.09 

K,O 3.26 2.87 2.94 2.96 

Cl 0.08 0.1 3 0. 1 2  0.07 

Totol 98.44 99.72 98.61 98.76 

76.31 

1 2.74 

0.24 

1 .66 

0 . 1 8  

1 .29 

4.23 

3.06 

0 . 1 2  

99.72 

Analyses ebovo detection limit normalieed to 100% Ion free 

Si02 76.61 76.63 76.86 76.86 76.62 

Al20, 1 2.66 1 2.87 1 2.87 1 2.87 1 2.77 

Ti02 0 . 1 6  0 . 1 7  0.1 7 0.1 8 0.24 

FeO 1 .76 2.03 1 .69 1 .67 1 .66 

M gO 0 . 1 6  0.21 0.10 0 . 1 8  

CoO 1 .36 1 .3 1  1 . 1 4  1 . 1 1  1 .30 

No,o 4.07 3.87 4 . 1 8  4.14 4.24 

K20 3.26 2.87 2.98 2.99 3.06 

Cl 0.08 0. 1 3  0. 1 2  0.07 0.12 

Water' 0.66 0.28 1 .39 1 .26 0.28 

l__ 
· Indicates value w• below the detection limit. 

76.67 

1 2.61 

0 . 1 3  

1 .61  

0.21 

1 .37 

4 . 1 0  

3.07 

0 . 1 3  

99.90 

76.76 

1 2.63 

0 . 1 3  

1 .6 1  

0.2 1 

1 .37 

4 . 1 0  

3.07 

0.1 3 

0 . 1 0  

' Means a nd  standard deviatione are for values above detection limit only. 

76.36 74.92 76.44 

1 2.79 1 2.60 1 2.66 

0.21 0 . 1 4  0.16 

1 .66 1 .64 1 .66 

0.19 0. 1 8  0.16 

1 .36 1 .27 1 .30 

4.06 3.92 3.76 

2.81 2.83 2.93 

0 . 1 2  0 . 1 0  0 . 1 2  

99.66 97.60 99.16 

76.70 76.84 77.09 

1 2.86 1 2.82 1 2.77 

0.21 0 . 1 4  0 . 1 6  

1 .67 1 .68 1 .68 

0 . 1 9  0 . 1 9  0.16 

1 .36 1 .30 1 .31 

4.08 4.02 3.78 

2.82 2.90 2.96 

0. 1 2  0 . 1 1 0. 1 2  

0.46 2 .60 0.84 

• Assumed water - the difference between originat analytical total (of analyses above detection limit) and 100. 

76.14 

1 2.67 

0.23 

1 .76 

0.1 1 

1 .2 1  

3.69 

2.94 

0.07 

98.70 

7 7 . 1 4  

1 2.83 

0.23 

1 .78 

0.1 1 

1 .23 

3.63 

2.98 

0.07 

1 .30 

):. -
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R6 [Hinemaiaia Tephra] , Desert Road 5 . 1 1 
EMP analyses: glass (continued . . .  ) 

Si02 

AJ,o, 

Ti02 

FeO 

M gO 

c.o 

Na,O 

K20 

Cl 

Toto! 

73.66 

1 2.32 

0.14 

1 .6 1  

0.1 6 

1 .27 

4.32 

2.80 

0. 1 7  

96.44 

73. 1 8  

1 2.36 

0.1 8 

1 .72 

0.1 7 

1 .29 

4.20 

2.91 

0.09 

96.09 

76.38 

1 2.76 

0.48 

1 .66 

0 . 1 9  

1 .20 

4.20 

2.93 

0 . 1 6  

98.83 

74.60 

1 2.60 

0.27 

1 .70 

0 . 1 6  

1 . 1 4  

4.30 

2.91 

·o.oo 
97.67 

73.83 

1 2.36 

0 . 1 7 

1 .62 

0.20 

1 .22 

4.06 

2.97 

0 . 1 3 

98.46 

Analysa .t>ove detection limit normaHaed to 100" loa free 

Si02 

Al.203 

Ti02 

FeO 

M gO 

c.o 

N•20 

K20 

Cl 

Water* 

76.37 

1 2.78 

0.14 

1 .67 

0. 1 7  

1 .3 1  

4.48 

2.90 

0.1 7 

3.66 

7 6 . 1 6  

1 2.86 

0.1 9 

1 .79 

0 . 1 8  

1 .36 

4.37 

3.03 

0.09 

3.91 

76.27 

1 2.90 

0.48 

1 .67 

0 . 1 9  

1 .22 

4.24 

2.97 

0 . 1 6  

1 .1 7  

• Indicate. value w •  below the detection limit. 

76.38 

1 2.92 

0.27 

1 .74 

0. 1 6  

1 . 1 7  

4.4 1 

2.98 

2.43 

76.64 

1 2.81  

0 . 1 7 

1 .68 

0.21 

1 .27 

4.21 

3.07 

0.1 4 

3.64 

76.27 

1 2.82 

0.24 

1 .6 1  

0.1 9 

1 .42 

4.04 

2.98 

0.2 1 

99.67 

76.62 

1 2.86 

0.24 

1 .62 

0. 1 9  

1 .42 

4.06 

2.89 

0.21 

0.33 

1 Mearw and atandard deviationa are for vah.Jee ebove detection limit only. 

76. 1 1  

1 2.93 

0 . 1 8  

1 .38 

0.1 1 

1 .26 

4.23 

2.99 

0 . 1 7  

99.36 

76.61 

1 3.01 

0 . 1 8  

1 .39 

0 . 1 1 

1 .26 

4.26 

3.01 

0 . 1 7  

0.86 

74.62 

1 2 .44 

0 . 1 3  

1 .66 

0.23 

1 .33 

3.99 

2.90 

0.14 

97.36 

76.64 

1 2.78 

0.14 

1 .7 1  

0.24 

1 .37 

4.10 

2.98 

0.14 

2.66 

76.36 

1 2.64 

0.09 

1 .4 1  

0.19 

1 .22 

3.97 

2.98 

0.1 6 

97 .90 

76.96 

1 2.81 

0.10 

1 .44 

0.1 9 

1 .26 

4.06 

3.04 

0.1 6 

2.10 

' Aosumed w•ter - the difference between originol •n•lyticol toto! (of on•lyoes •bove detection limit) ond 100. 

73.7 1 

1 2.61 

0.28 

1 .64 

0.1 8  

1 .26 

3.76 

3.02 

0 . 1 8  

98.41 

76.46 

1 2.98 

0.27 

1 .60 

0 . 1 8  

1 .30 

3.89 

3 . 1 3  

0 . 1 9  

3.69 

73.94 

1 2.36 

0.24 

1 .66 

0.20 

1 . 1 4  

3.41 

2.77 

0.14 

96.73 

77.24 

1 2.90 

0.26 

1 .62 

0.20 

1 . 1 9  

3.66 

2.90 

0.16 

4.28 

74.24 

1 2.62 

0.20 

1 .42 

0.21 

1 .26 

3.69 

2.82 

0 . 1 7  

96.62 

76.92 

1 3.07 

0.21 

1 .47 

0.21 

1 .30 

3.72 

2.92 

0 . 1 7  

3.48 

74.69 

1 2.83 

0. 1 7  

1 .64 

0.20 

1 .26 

4.09 

3.04 

0.1 1 

97.72 

78.43 

1 2.93 

0.1 7  

1 .67 

0.20 

1 .28 

4 . 1 9  

3.1 1 

0.1 1 

2.28 

76.87 

1 2.72 

0 . 1 3  

1 .66 

0.20 

1 .36 

4.08 

2.91 

0.09 

98.88 

78.88 

1 2.89 

0 . 1 3  

1 .67 

0.21 

1 .37 

4. 1 1  

2.96 

0.09 

1 .32 

76.81 

1 2.39 

0.09 

1 .64 

0.1 8 

1 .24 

4.07 

2.89 

0.20 

98. 1 8  

77.01 

1 2.62 

0.09 

1 .67 

0 . 1 7  

1 .28 

4.14 

2.94 

0.20 

1 .82 

76.17  

1 2.86 

0.1 3 

1 .63 

0 . 1 9  

1 .33 

4.08 

2.92 

0 . 1 2  

98.29 

76.48 

1 3 .07 

0 . 1 3  

1 .66 

0 . 1 9  

1 .36 

4 . 1 3  

2.97 

0.1 2 

1 .7 1  

7 8.1 1 

1 2.72 

0.32 

1 .49 

0.1 7 

1 .28 

4.23 

2.82 

"0.03 

99.1 1 

78.80 

1 2.84 

0.32 

1 .60 

0.1 7 

1 .27 

4.27 

2.84 

0.89 

78.38 

1 2.81 

0.1 1 

1 .87 

0. 1 8  

1 .28 

3.88 

2.98 

0 . 1 6  

99.37 

78.84 

1 2.89 

0.1 1 

1 .88 

0 . 1 8  

1 .27 

3.88 

3.00 

0. 1 6  

0.83 

76.80 

1 2.91 

0 . 1 8  

1 .77 

0 . 1 9  

1 .38 

4 . 1 0  

2.88 

0 . 1 3  

99.29 

78.34 

1 3.00 

0 . 1 8  

1 .78 

0 . 1 9  

1 .37 

4 . 1 3  

2.88 

0 . 1 3 

0.7 1 

):,. -
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R6 [Hinemaiaia Tephra]. Desert Road S .  1 1  
EMP analyses: glass ( . . .  continued) 

Si02 

Af203 

Ti02 

FeO 

M gO 

CoO 

No20 

K20 

Cl 

Toto! 

Si02 

AJ203 

Ti02 

FeO 

M gO 

CoO 

No,O 

K20 

Cl 

Water' 

' lndicatf,. value w• below the detection limit. 
' Mearw and atandard deviationa are for values above detection limit only. 
' Anumed water • the difference between ortginat analytical total lof enaJyea above detection limit) and 100. 

:t:.. -
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R7 [Hinemaiaia Tephra] , Death Valley Type locality 
EMP analyses: glass 

SiO, 

Al20, 

TiO, 

FeO 

M gO 

CoO 

No,O 

K,o 

Cl 

Toto! 

74.83 

1 2.62 

0.22 

1 .69 

0.1 7 

1 .00 

4 . 1 7  

3.06 

0 . 1 2  

97.88 

76.1 6 

1 2.76 

0 . 1 8  

1 .82 

0.1 7 

1 .09 

4 . 1 8  

3.07 

0.1 1 

99.31 

7 6.79 

1 2.63 

0 . 1 6  

1 .60 

0.07 

1 .00 

4 .29 

3.08 

0 . 1 2  

98.63 

76.60 

1 2.79 

0.23 

1 .61 

0.17 

1 . 1 2  

4.1 8 

2.97 

0. 1 6  

99.82 

76.68 

1 2.64 

0.20 

1 .76 

0.20 

1 .36 

3.78 

3.01 

0.1 1 

98.72 

Anolv- obove detection limit normolioed to 100'l' loeo free 

SiO, 

Al20l 

TiO, 

FeO 

M gO 

CoO 

No,o 

K,O 

Cl 

Water1 

76.46 

1 2.90 

0.22 

1 .73 

0.1 7 

1 .02 

4.26 

3 . 1 3  

0 . 1 2  

2. 1 2  

76.68 

1 2.84 

0.19 

1 .63 

0 . 1 7  

1 . 1 0  

4.21 

3.09 

0.1 1 

0.69 

7 6 .86 

1 2.70 

0 . 1 6  

1 .63 

0.07 

1 .01 

4.36 

3 . 1 2  

0 . 1 2  

1 .37 

• Indicates value was below the detection limit. 

76.76 

1 2.81 

0.23 

1 .61 

0 . 1 7  

1 . 1 2  

4 . 1 9  

2.97 

0.16 

0.18 

76.66 

1 2.80 

0.20 

1 .7 8  

0.20 

1 .37 

3.83 

3.04 

0.1 1 

1 .28 

74.88 

1 2.69 

0.26 

1 .69 

0 . 1 7  

1 .26 

4.24 

2.72 

0 . 1 7  

97.96 

76.44 

1 2.86 

0.26 

1 .73 

0. 1 7  

1 .28 

4.33 

2.78 

0 . 1 7  

2.04 

' Means and atandard deviations are for values above detection limit only. 

72.76 

1 2. 1 0  

0.20 

1 .46 

0 . 1 9  

1 .08 

4.01 

2.69 

"0.06 

84.47 

7 7 .0 1  

1 2.81  

0.21  

1 .63 

0.20 

1 . 1 4  

4.26 

2.86 

6.63 

76.46 

1 2.77 

0.26 

1 .62 

0.24 

1 .29 

4.06 

2.93 

"0.06 

98.60 

76.60 

1 2.96 

0.26 

1 .66 

0.24 

1 .31  

4.1 1 

2.97 

1 .60 

76.14 

1 2.80 

0.26 

1 .80 

0.18 

1 .36 

4.08 

3. 1 6  

0.16 

99.88 

76.23 

1 2.81 

0.26 

1 .80 

0.18 

1 .36 

4.08 

3.16 

0.1 6 

0.12 

1 Assumed water - the difference between ortginal enalytical total (of analyses above detection limiU and 100. 

7 6 . 1 0  

1 2.73 

0. 1 7  

1 .7 1  

0 . 1 9  

1 .32 

3.94 

2.84 

0 . 1 6  

99. 1 6  

76.76 

1 2.84 

0 . 1 7  

1 .73 

0 . 1 9  

1 .33 

3.97 

2.87 

0 . 1 8  

0.86 

76.72 

1 2.79 

0 . 1 7  

1 .69 

0.1 8 

1 .24 

4.14 

2.80 

0.1 1 

98.74 

76.69 

1 2.96 

0 . 1 8  

1 .6 1  

0. 1 8  

1 .26 

4.20 

2.83 

0. 1 1  

1 .27 

76.24 

1 2.72 

0.24 

1 .66 

0.24 

1 .37 

4 . 1 3  

2.92 

0.1 1 

99.60 

76.64 

1 2.77 

0.24 

1 .66 

0.24 

1 .37 

4 . 1 4  

2.93 

0.1 1 

0.40 

76.74 

1 2.80 

0.22 

1 .73 

0. 1 8  

1 .27 

3.89 

3.20 

0.14 

99. 1 6  

76.38 

1 2.91 

0.22 

1 .76 

0 . 1 8  

1 .28 

3.92 

3.23 

0.14 

0.84 

):. -
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R8 [Whakatane Tephra] . unnamed section 
EMP analyses: glass 

SiO, 78.72 78.10 77.64 77.79 78.32 

Al,O, 1 1 .96 1 2.31 1 2.21 1 2.08 1 2. 1 2  

TiO, 0 . 1 7  0 . 1 4  ·o.o6 0. 1 6  0. 1 0  

FeO 0.96 0.86 0.94 0.78 0.84 

M gO 0.09 0.09 0.10 0.1 1 0 . 1 0  

CaO 0.63 0.7 1 0.72 0.7 1 0.79 

Na,O 3.62 3.71 3.93 3.89 3.89 

K,O 3.67 3.62 4.07 3.66 3.66 

Cl ·o.o4 0. 1 6  0 . 1 6  0 . 1 2  0. 1 3  

Total 99.81 99.69 99.77 99.29 99.94 

Ane'yaes 8bove detection limit normalised to 100% loa free 

SiO, 78.87 78.36 77.81 78.36 78.37 

AI,O, 1 1 .98 1 2.36 1 2.24 1 2. 1 7  1 2. 1 3  

TiO, 0. 1 7  0 . 1 4  0. 1 6  0.10 

FeO 0.96 0.86 0.94 0.78 0.84 

M gO 0.09 0.09 0.10 0.1 1 0.10 

CaO 0.63 0.71  0.72 0.72 0.79 

Na,o 3.63 3.72 3.94 3.92 3.89 

K,O 3.67 3.63 4.08 3.69 3.66 

Cl 0. 1 6  0 . 1 6  0 . 1 2 0. 1 3  

Water• 0 . 1 9  0.31 0.23 0.7 1 0.06 

· Indicates value was below the detection limit. 

77.97 

1 2.23 

·o.o7 

0.60 

0.14 

0.73 

3.64 

3.33 

0.20 

98.74 

78.97 

1 2.38 

0.61 

0 . 1 4  

0.74 

3.69 

3.38 

0.20 

1 .27 

' Me..,. end atendard deviation. ere for valua above detection limit only. 

77.79 

1 2 .24 

·o.o7 

0.37 

·o.o6 

0.74 

3.62 4.1 1 

3.23 

·o.oo 

97 .88 99.81 

7 9 .47 

1 2.6 1 

0.38 

0.76 

3.60 

3.30 

2 . 1 2  

• Aaaumed water - t he  difference between original analytical total tof analyaes above detection limit) and 100. 

):. -
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R9 [Motutere Tephra], Death Valley 5.4 
EMP analyses: glass 

Si02 75. 1 4  76.38 76.27 76.47 75.85 

Al20, 1 2. 9 1  1 2.80 1 2.69 1 2.79 1 2.59 

TiO, 0. 1 8  0.21 0 . 1 0  ·o.oo 0 . 1 6  

FeO 1 .7 5  1 .86 1 .37 1 .78 1 .55 

M gO 0.20 0.16  0 . 1 7  0 . 1 6  0 . 1 2  

CoO 1 .53 1 .48 1 .55 1 .48 1 .43 

N o,O 4. 1 5  4.08 3.73 3.73 3.92 

K,O 3.09 2.94 3.03 3.15 3.09 

Cl 0.1 6 0.09 0 . 1 3  0 . 1 2  0 . 1 4  

Tot.t 99.09 100.00 99.03 99.66 98.86 

Anelyaea above detection limit normalised to 100% loa free 

SiO, 75.84 76.38 77.01 76.73 76.73 

Al20, 1 3.03 1 2.80 1 2.82 1 2.83 1 2.74 

TiO, 0. 1 8  0.21 0.10 0.1 6 

FeO 1 .7 7  1 .86 1 .38 1 .79 1 .57 

M gO 0.20 0 . 1 6  0 . 1 7  0 . 1 6  0.1 2 

CoO 1 .64 1 .48 1 .56 1 .48 1 .45 

No,O 4.1 9 4.08 3.76 3.74 3.97 

K,O 3 . 1 2 2.94 3.06 3.1 6 3. 1 3  

Cl 0. 1 5  0.09 0 . 1 3  0 . 1 2  0 . 1 4  

Water1 0 . 9 1  0.00 0.97 0.34 1 . 1 6  

• Indicates value was below the detection limit. 

75.41 

1 2.76 

0.27 

1 .69 

0 . 1 3  

1 .46 

3.96 

3.08 

0.16 

98.92 

76.24 

1 2.90 

0.28 

1 .7 1  

0 . 1 3  

1 .47 

4.00 

3.1 1 

0.1 6 

1 .08 

1 Meane and atandard deviatione are for values above detection limit only. 

76.05 75.35 75.36 

1 3.00 1 2.52 1 2.70 

0.26 0.22 0.17 

1 .65 1 .84 1 .87 

0 . 1 7 0.20 0.21 

1 .48 1 .35 1 .43 

3.82 3.65 3.71 

2.92 3.05 3.1 1 

0 . 1 6 0. 1 6  0.1 1 

99.60 98.33 98.67 

76.43 76.63 76.37 

1 3.06 1 2.74 1 2.87 

0.26 0.22 0.18 

1 .65 1 .87 1 .90 

0 . 1 7  0.20 0.21 

1 .49 1 .38 1 .45 

3.84 3.71 3.76 

2.93 3 . 1 0  3.15 

0 . 1 6  0 . 1 6  0. 1 1  

0.50 1 .67 1 .33 

1 Assumed water • the difference between original analytical total (of analyses above detection limit) and 1 00. 

75.34 73.83 

1 2.73 1 2.05 

0.23 0. 1 7  

1 .69 1 .48 

0 . 1 2  0. 1 3  

1 .39 1 .64 

3.69 3.57 

3.62 2.71 

0.10 0.12  

98.91 95.69 

76.1 7 7 7 . 1 6  

1 2.87 1 2.59 

0.23 0. 1 7  

1 .7 1  1 .54 

0.1 2 0 . 1 4  

1 .41 1 .72 

3.73 3.73 

3.66 2.83 

0.10 0.13  

1 .09 4.31 

):,. ..... 
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R 1 1 [Waiohau Tephra], Wahianoa Aqueduct Section 
EMP analyses: glass (continued . . . J 

Si02 

Al20s 

Ti02 

FeO 

M gO 

CoO 

Na,O 

K20 

Cl 

Total 

76.96 

1 1 .74 

0. 1 6  

0.68 

0.1 1 

0.91 

3.8 1 

3.1 1 

0. 1 6  

96.3 1 

78.06 

1 2.06 

0 . 1 4  

0.80 

·o.o8 

0.87 

3.96 

3.31 

0.1 2 

99.29 

76.31 

1 1 .38 

0.24 

0.72 

0.1 1 

0.74 

3.36 

3. 1 2  

0.10 

96.07 

77.97 

1 2. 1 8  

0.14 

0.76 

0.1 1 

0.97 

3.89 

3.23 

0.1 7 

99.43 

78. 1 2  

1 2. 1 2  

·o.oo 

0.67 

0.1 3  

0.96 

4 . 1 3  

3.47 

0.1 6 

99.76 

Analyaes ebove detection limit normalised to 100" loa free 

Si02 

AJ20, 

Ti02 

FeO 

M gO 

CoO 

Na,O 

K20 

Cl 

Water* 

78.87 

1 2. 1 9  

0 . 1 6 

0.60 

0. 1 2  

0.96 

3.76 

3.23 

0. 1 6  

3.69 

78.60 

1 2. 1 4  

0 . 1 4  

0 . 8 1  

0.88 

3.98 

3.33 

0 . 1 2  

0.7 1 

79.22 

1 1 .97 

0.26 

0.76 

0. 1 2  

0.78 

3.62 

3.28 

0.1 1 

4.93 

· Indicate. value w• below the detection limit. 

78.42 

1 2.26 

0.14 

0.78 

0.1 1 

0.98 

3.92 

3.26 

0.1 7 

0.67 

78.31  

1 2. 1 6  

0.87 

0 . 1 3  

0.96 

4 . 1 4  

3.48 

0. 1 8  

0.24 

78.43 

1 1 .76 

0.10 

0.88 

0 . 1 4  

0.79 

4 . 1 0  

3.44 

0 . 1 6  

99.79 

78.60 

1 1 .78 

0.10 

0.88 

0.14 

0.80 

4.1 1 

3.46 

0. 1 6  

0.21 

' Me.,.. and standard deviations are for values above detection limit only. 

78.62 

1 1 .62 

0. 1 6  

0.88 

0.08 

0.80 

2.66 

3.47 

0 . 1 3  

98.20 

79.96 

1 1 .83 

0 . 1 6  

0.89 

0.08 

0.81 

2.69 

3.64 

0 . 1 3  

1 .80 

76.93 

1 2.01 

0 . 1 6  

0.76 

0.07 

0.82 

3.74 

3.21 

0.10 

97.79 

78.87 

1 2.28 

0 . 1 7  

0.77 

0.07 

0.84 

3.82 

3.28 

0 . 1 0  

2.21 

76.39 

1 1 .39 

0.10 

0.71 

0.13 

0.86 

3.13  

3.39 

0.17 

98.06 

79.62 

1 1 .88 

0. 1 1  

0.74 

0.13 

0.88 

3.28 

3.63 

0.18 

3.96 

• Aaumed water - the difference between original .nalytical total (of analyaes above detection limit) and 100. 

76.82 

1 1 .96 

0 . 1 6  

0.84 

0 . 1 7  

0.82 

3.28 

3 . 1 9  

0. 1 8  

96.37 

78.88 

1 2.40 

0. 1 6  

0.87 

0 . 1 8  

0.86 

3.38 

3.31 

0 . 1 7  

3.63 

76.63 

1 1 .76 

0 . 1 6  

0.82 

0.10 

0.93 

3.80 

3.63 

0 . 1 4  

98.36 

78.39 

1 2. 1 9  

0 . 1 7  

0.64 

0.1 1 

0.98 

3.73 

3.66 

0 . 1 6  

3.66 

78.26 

1 2. 1 0  

0 . 1 4  

0.84 

0 . 1 3  

0.86 

3.88 

3.23 

0 . 1 1 

99.62 

78.83 

1 2. 1 8  

0 . 1 4  

0.86 

0.1 3 

0.86 

3.88 

3.26 

0 . 1 1 

0.48 

78.99 

1 1 .86 

0. 1 0  

0.96 

0.1 8 

0.94 

3.86 

3.38 

0.14 

98.38 

78.28 

1 2.06 

0.1 1 

0.97 

0.1 7 

0.96 

3.91 

3.41 

0.14 

1 .84 

76.83 

1 1 .88 

0.08 

0.77 

0.1 3 

0.88 

3.83 

3.34 

0.14 

98.83 

78.47 

1 2.27 

0.08 

0.80 

0 . 1 3  

0.89 

3.78 

3.46 

0.14 

3.37 

7 7 . 1 6  

1 1 .98 

0. 1 6  

0.93 

0. 1 3  

0.80 

3.83 

3.32 

0 . 1 6  

98.44 

78.38 

1 2. 1 7  

0.1 6  

0.94 

0 . 1 3  

0.82 

3.89 

3.37 

0 . 1 6  

1 .68 

77.43 

1 1 .8 1  

0. 1 8  

0.98 

0 . 1 4  

0.93 

3.81 

3.22 

0 . 1 9  

98.44 

78.88 

1 2.00 

0 . 1 8  

0.97 

0 . 1 4  

0.94 

3.87 

3.27 

0 . 1 9  

1 .68 

7 7 . 1 8  

1 1 .93 

0.26 

1 .06 

0.10 

0.92 

3.89 

3.30 

0. 1 8  

98.78 

7 8. 1 3  

1 2.08 

0.28 

1 .08 

0.10 

0.93 

3.94 

3.34 

0 . 1 6  

1 .22 

76.89 

1 1 .87 

0 . 1 2  

0.88 

0.1 2 

0.88 

3.84 

2.91 

0. 1 2  

118.22 

78.87 

1 2. 1 3  

0.12 

0.90 

0 . 1 3  

0.92 

3.78 

3.03 

0 . 1 2  

3.78 

78.40 

1 2.01 

"0.06 

0.111 

0 . 1 2  

0.91 

3.83 

3.14 

0.16 

99.48 

78.82 

1 2.08 

0.92 

0 . 1 2  

0.92 

3.86 

3.1 8 

0 . 1 6  

0.62 

7 7 . 1 4  

1 1 .90 

0 . 1 8  

1 .0 1  

0.1 1 

0.86 

3.91 

3.82 

0.1 1 

98.80 

78.08 

1 2.04 

0. 1 6  

1 .02 

0.1 1 

0.87 

3.96 

3.66 

0.1 1 

1 .20 

h. 
-
� 
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R1 1 [Waiohau Tephra], Wahianoa Aqueduct Section 
EMP analyses: glass ( . . .  continued) 

Si02 

AI,O, 

Ti02 

FeO 

M gO 

CaO 

Na,O 

K20 

Cl 

Toto! 

Anoly- above the 
normalised to 100% 

Si02 

Al,o, 

Ti02 

FeO 

M gO 

CaO 

Na20 

K,o 

Cl 

Water1 

• Indicates value w .. below the detection limit. 
' Mearw and standard deviations are for values above detection limit only. 

1 Auumed w ater • the difference between ortginal anatytical total (of analysee above detection limit} and 1 00. 

h. ..... 
� 



R 1 2  [Waiohau Tephra]. Missile Ridge 
EMP analyses: glass 

Si02 7 7 . 1 3  76.02 76. 1 3  77.74 

Al20� 1 1 .84 1 1 .67 1 1 .72 1 2.02 

Ti02 0.1 0 '0.07 0.14 '0.06 

FeO 0.93 0.90 0.84 1 .02 

M g O  0 . 1 6  0. 1 1  0 . 1 2  0 . 1 6 

c.o 0.84 0.88 0.81 0.8 1 

No,O 3.68 3.79 3.62 4.02 

K20 3.22 3.23 2.92 3.29 

Cl 0 . 1 3 0.10 0.10 0.16 

Toto! 97.92 96.7 1 96.29 99. 1 9  

78.33 

1 2.06 

'0.07 

0.84 

0 . 1 1 

0.86 

3.80 

3.48 

0 . 1 3  

99.69 

Analyses above detection limit normalised to 1 00 %  loa free 

Si02 78.77 78.61 78.86 78.38 78.66 

Al20, 1 2. 1 0  1 2.07 1 2.30 1 2 . 1 2  1 2. 1 0  

Ti02 0 . 1 0  0.1 6 

FeO 0.96 0.93 0.88 1 .03 0.84 

M gO 0.1 6 0.12  0.1 2 0 . 1 6 0 . 1 1 

c.o 0.86 0.91 0.84 0.81  0.86 

N•20 3.66 3.92 3.69 4.06 3.81 

K20 3.29 3.34 3.06 3.32 3.60 

Cl 0 . 1 3  0.1 1 0.10 0 . 1 6  0. 1 3  

Water' 2.08 3.29 4.72 0.82 0.41 

· Indicates value was below the detection limit. 

78.66 

1 2. 1 9 

0 . 1 3 

0.96 

0.09 

0.91 

4.02 

2.86 

0 . 1 0  

99.89 

78.73 

1 2.21  

0. 1 3  

0.96 

0.09 

0.91 

4.02 

2.87 

0 . 1 0  

0 . 1 1 

' Means and eundard deviations are for values above detection limit only. 

76.87 77.78 76.76 

1 1 .68 1 2.26 1 1 .70 

·o.oo 0.1 1 '0.06 

0.99 0.99 0.99 

0.1 1 0.1 1 0.13 

0.86 0.91 1 .32 

3.93 3.97 3.79 

3.26 3.29 3.01 

0.09 0. 1 2  0.18 

97.78 99.63 96.86 

78.61 78. 1 6  78.20 

1 1 .96 1 2.31  1 2.08 

0 . 1 1 

1 .01  0.99 1 .02 

0.1 1 0.1 1 0.13 

0.88 0.91 1 .36 

4.02 3.99 3.92 

3.32 3.31 3.10 

0.09 0 . 1 2 0.19 

2.22 0.48 3.14 

• Assumed water • the diHerence between original analytical total (of analyses above detection limit! and 1 00. 

77.30 

1 2. 1 8  

0.14 

0.97 

0.1 1 

0.96 

3.64 

3.24 

'0.01 

98.43 

78.63 

1 2.37 

0.1 6 

0.99 

0.1 1 

0.97 

3.69 

3.29 

1 .67 

h. 
-

� 
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R 1 4  [Rerewhakaaitu Tephra], Bullot Track 5 . 1 
EMP analyses: glass 

SiO, 

AJ20, 

TiO, 

FeO 

MoO 

CaO 

N a,O 

K,O 

Cl 

Total 

7636 

1 2.31 

0�9 

0� 

��6 

0� 

U7 

3� 

0 . 1 1 

97A2 

76.76 

1 2.7 1 

0.1 1 

0.84 

0.09 

0.70 

3.49 

3.87 

0.16 

98.72 

74.69 

1 2.24 

0.07 

0.86 

"0.04 

0.76 

3.64 

3.86 

0.14 

96.26 

7 7 . 1 0  

1 2.67 

0.1 2  

0.83 

"0.04 

0.66 

3.36 

4 . 1 3  

0. 1 6  

98.90 

76.62 

1 2.24 

0.09 

0.74 

0.06 

0.64 

3.64 

4.14 

0 . 1 6  

97.23 

Analyses above detection limit normalised to 1 00 %  loa free 

SiO, 

Al203 

TiO, 

FeO 

MoO 

CaO 

N a,O 

K,O 

Cl 

Water' 

7 7 .76 

1 2.64 

0.09 

0.86 

0.68 

3.87 

4.08 

0 . 1 1 

2.69 

7736 

1 2�7 

0. 1 1  

0� 

0.10 

031 

3� 

3�2 

0.16 

1 �8 

77.69 

1 2.72 

0.08 

0.90 

0.79 

3.78 

4.01 

0 . 1 6  

3.74 

• Indicates value WM below the detection limit. 

77.96 

1 2.71  

0 . 1 2 

0.84 

0.66 

3.39 

4 . 1 7  

0.1 6  

1 . 1 0  

77.77 

1 2.69 

0.10 

0.76 

0.06 

0.66 

3.64 

4.26 

0.1 7 

2.77 

7 8 . 1 3  

1 1 .86 

0 . 1 1 

0.68 

0.07 

0.62 

3.62 

4.09 

0 . 1 8  

99.23 

78.73 

1 1 .94 

0 . 1 1 

0.68 

0.07 

0.63 

3.66 

4 . 1 2  

0 . 1 8  

0.77 

' Mean. and standard deviations are for velues above detection limit only. 

76.41 

1 2.67 

0.23 

1 .28 

0.27 

1 .39 

3.64 

2.84 

0.09 

97.72 

77.1 7 

1 2�7 

on 

1 .3 1  

0 �  

1 A2 

333 

2� 

0.10 

2� 

76.23 

1 2.33 

0.10 

0.84 

0.1 0 

0.66 

3.66 

4.1 6 

0.1 6 

98. 1 9  

77.63 

1 2.66 

0.10 

0.86 

0.10 

0.66 

3.72 

4.22 

0.1 6 

1 .8 1  

76.16 

1 2.30 

0.09 

0.86 

0.06 

0.72 

3.34 

4.02 

0.14 

96.87 

77.76 

1 2.72 

0.09 

0.88 

0.07 

0.74 

3.48 

4.18 

0.14 

3.33 

' Assumed water - the difference between original analytical total (of analyses above detection limit} and 100. 

76.61 

1 2. 1 0  

0 . 1 2  

0.97 

·o.o6 

0.73 

3.44 

3.92 

0.1 6  

98.06 

78.1 3 

1 2.34 

0 . 1 2  

0.99 

0.74 

3.61 

3.99 

0 . 1 6  

1 .96 

76.69 

1 2. 1 6  

"0.03 

0.83 

0.06 

0.64 

3.62 

4.14 

0. 1 8  

98.22 

78.08 

1 2.38 

0.84 

0.07 

0.66 

3.89 

4.22 

0. 1 8  

1 .78 

76.87 

1 2.42 

·o.o6 

0.73 

0.07 

0.63 

3.48 

4 . 1 7  

0 . 1 8  

97.22 

77.83 

1 2.78 

0.76 

0.07 

0.66 

3.67 

4.29 

0 . 1 8  

2.78 

76.60 

1 2. 1 6  

0 . 1 0  

0.76 

0.08 

0.68 

3.86 

4 . 1 6  

0 . 1 2  

97.08 

7 7 .79 

1 2�2 

0 . 1 0  

0 3 8  

0 �  

0�8 

U8 

4 �  

0 . 1 2  

2 �  

76.20 

1 2.07 

0.14 

0.84 

0.07 

0.69 

3.37 

3.78 

0.1 2 

98. 1 7  

78.20 

1 2.66 

0.1 6 

0.87 

0.07 

0.6 1 

3.61 

3.91 

0 . 1 3  

3.84 

76.64 

1 2.68 

0 . 1 8  

1 .42 

0.23 

1 .3 1  

3.70 

2.86 

0. 1 2  

97.94 

7 7 . 1 3  

1 2.84 

0 . 1 8  

1 .46 

0.24 

1 .34 

3.78 

2.92 

0 . 1 2  

2.06 

77 .34 

1 1 .38 

0.28 

1 .34 

0.21 

1 .43 

3.96 

2.76 

0.10 

98.76 

78.31 

1 1 .62 

0.27 

1 .36 

0.21 

1 .46 

4.00 

2.79 

0.1 1 

1 .26 

0.1 1 

0.61 

):.. ..... 
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R 1 5  [Rerewhakaaitu Tephra],  Whangaehu River 5.5 
E M P  analyses: glass 

SiO, 

AJ,o, 

TiO, 

FeO 

M gO 

CoO 

No,O 

K,o 

Cl 

Totlll 

78.68 

1 2.41 

'0.06 

0.79 

0.07 

0.8 1 

3 .60 

4 . 1 3  

0 . 1 4  

9 8.20 

76.7 1 

1 2.73 

0.26 

1 .26 

0.22 

1 .30 

3.98 

2.61 

0.09 

98. 1 4  

74.48 

1 2 .46 

0.20 

1 .62 

0.20 

1 .67 

3.97 

2.76 

0 . 1 6  

97.29 

77.06 

1 2.80 

0.22 

1 . 1 8  

0.22 

1 . 1 9  

3.72 

3.03 

0.07 

99.27 

76.23 

1 2.66 

0.21 

1 .30 

0.1 3 

1 .24 

3.98 

2.78 

0 . 1 2  

97.62 

ANiyoa obove detection limit normlllioed to 1 00'!6 loa free 

Si02 
AJ,o, 

TiO, 

FeO 

M gO 

CoO 

No,O 

K,O 

Cl 

Water• 

7 7 .96 

1 2.84 

0 .80 

0.07 

0.82 

3.67 

4.20 

0 . 1 4  

1 .80 

7 7 . 1 6  

1 2.97 

0.28 

1 .27 

0.22 

1 .33 

4.06 

2.88 

0.09 

1 .88 

78.66 

1 2.81 

0.21 

1 .68 

0.21 

1 .8 1  

4.08 

2.83 

0 . 1 6  

2.7 1 

· Indicates value was below the detection limit. 

77.82 

1 2.89 

0.22 

1 . 1 9  

0.22 

1 . 1 9  

3.76 

3.06 

0.07 

0.73 

7 7 . 1 4  

1 2 .87 

0.22 

1 .33 

0 . 1 3  

1 .27 

4.08 

2.83 

0 . 1 3  

2.48 

76.03 

1 2. 1 4  

0.07 

0.87 

'0.04 

0.67 

3.72 

4.04 

0. 1 6  

98.38 

77.86 

1 2.80 

0.07 

0.89 

0.69 

3.86 

4 . 1 9  

0 . 1 6  

3.82 

' Meana and etanderd deviatione are for values above detection limit ony. 

76.28 

1 1 .92 

'0.03 

0.88 

0.07 

0.64 

3.40 

4.02 

0.1 2 

88.04 

78.39 

1 2.41 

0.7 1 

0.07 

0.68 

3.64 

4. 1 8  

0. 1 3  

3.97 

76.47 

1 2.28 

'0.07 

0.76 

'0.06 

0.68 

3.64 

4 . 1 2  

0 . 1 7  

98.88 

7 7 .90 

1 2.88 

0.77 

0.69 

3.86 

4.26 

0. 1 7  

3. 1 2  

76.31 

1 2.08 

0.08 

0.81 

0.1 1 

0.73 

3.81 

3.79 

0 . 1 8  

98.86 

77.83 

1 2.47 

0.08 

0.84 

0. 1 1  

0.76 

3.74 

3.92 

0.18 

3.36 

1 Auumed water - the difference between original analyticel totel lof analyses above detection limit) and 1 00 .  

77.24 

1 2. 1 0  

·o.o8 

0.64 

'0.02 

0.62 

3.82 

4.07 

0.1 8 

88.27 

78.81 

1 2.31 

0.66 

0.63 

3.88 

4 . 1 4  

0 . 1 8  

1 .73 

78.33 

1 2.83 

0.26 

1 .29 

0.27 

1 .42 

3.47 

2.97 

0. 1 2  

98.96 

77.14 

1 2.97 

0.26 

1 .30 

0.27 

1 .44 

3.61 

3.00 

0 . 1 3  

1 .06 

74.98 

1 2.28 

0 . 1 3  

0.98 

0.1 2 

1 .04 

3.88 

3.1 1 

0 . 1 7  

98.83 

7 7 .69 

1 2.89 

0.1 3 

1 .00 

0 . 1 2  

1 .08 

4.00 

3.22 

0.1 8 

3.37 

78. 1 2  

1 2.28 

0.1 1 

0.77 

0.08 

0.86 

3.73 

4 . 1 0  

0 . 1 3  

97 .94 

77.73 

1 2.62 

0.1 1 

0.78 

0.08 

0.88 

3.80 

4 . 1 9  

0 . 1 3  

2.08 

):,. ...... 
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R 1 6  [Rerewhakaaitu Tephral.  Desert Road 5 . 1 0  
EMP analyses: glass 

SiO, 76.66 76.62 77.02 76.74 76.94 76.62 

Al20, 1 2.00 1 1 .88 1 2.01 1 1 .84 1 2.91  1 2.69 

TiO, 0.09 "0.07 "0.01 0. 1 2  0 . 1 9  0 . 1 9  

FeO 0.98 0.78 0.76 0.99 1 .29 1 .23 

MoO 0.1 1 0 . 1 3  ·o.o6 0.08 0.26 0.30 

CaO 0.68 0.62 0.76 0.78 1 .42 1 .38 

Na,o 3.36 3.64 3.61 3.38 3.64 3.77 

K,O 4.46 4.61 4.31 4.27 2.89 2.97 

Cl 0.20 0.1 6 0. 1 3  0. 1 3  0 . 1 1 0 . 1 0  

Total 97.49 98.14 98.60 97.31 99.76 99.24 

A.nelysee above detection limit normalised to 1 00 CJ6 loaa free 

SiO, 77.69 77.98 78. 1 9  7 7 .83 7 7 . 1 3  77.20 

Al20, 1 2.30 1 2. 1 1 1 2.20 1 2. 1 6  1 2.94 1 2.78 

Ti02 0.09 0 . 1 2  0. 1 9  0 . 1 9  

FeO 0.99 0.79 0.77 1 .02 1 .29 1 .24 

MoO 0 . 1 2  0 . 1 3  0.08 0.26 0.30 

CaO 0.69 0.63 0.77 0.80 1 .43 1 .39 

Na,o 3.44 3.61 3.67 3.47 3.66 3.80 

K,O 4.67 4.69 4.37 4.38 3.00 3 .00 

Cl 0.21 0.17 0. 1 3  0.1 3  0.1 1 0 . 1 0  

Water1 2.61 1 .87 1 .60 2.89 0.26 0.76 

· Indicates value w• below the detection limit. 
' Meane and standard deviatiorw are for values above detection limit only. 

77.01 76.98 

1 2.06 1 2.48 

0.10 0.22 

0.99 1 .29 

"0.03 0.26 

0.68 1 .64 0.61 

3.711 3.64 3.71 

4.47 2.96 

0.1 8 0 . 1 2  

99. 1 8  99.36 

77 .66 77.47 

1 2 . 1 6  1 2.64 

0.10 0.22 

1 .00 1 .30 0.88 

0.26 

0.611 1 .66 0.61 

3.82 3.66 3.7 1 

4.61 2.97 

0. 1 8  0.1 2  

0.82 0.64 

1 Auumed water • the difference between original analytical toul (of analyBH above detection limit} and 100. 

h 
.... 
Q:) 
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R 1 8  [Okareka Tephra], Bullot Track S .  1 
EMP analyses: glass (continued ...  ) 

Si02 

AI20, 

Ti02 

FeO 

M gO 

c.o 

Na20 

K2o 

Cl 

Toto! 

76.33 

1 1 .66 

0 . 1 2  

0.67 

0.09 

0.78 

3.33 

3.90 

0.1 2 

96. 1 8  

76.64 

1 1 .73 

0 . 1 9  

1 .0 1  

0.10 

0.94 

3.62 

3.26 

0 . 1 6  

97.44 

76.61 

1 1 .82 

"0.03 

0.86 

"0.01 

0.60 

3 .46 

4 .04 

0 . 1 7  

96.73 

77.91 

1 2.09 

0.22 

0.99 

0 . 1 7  

0.89 

4.02 

3.30 

0. 1 8  

99.76 

76.82 

1 1 .68 

0.1 4 

0.98 

0.09 

0.90 

3.70 

3.28 

0 . 1 1 

98.87 

Analyses above detection limit normaliud to 100CJE, Ion free 

Si02 

Al203 

Ti02 

FeO 

M gO 

c.o 

N•20 

K20 

Cl 

Water' 

78.32 

1 2. 1 2  

0 . 1 2  

0.91 

0.09 

0.81 

3.48 

4.06 

0 . 1 2  

3.82 

78.64 

1 2.03 

0 . 1 9  

1 .04 

0.10 

0.96 

3.61 

3.36 

0 . 1 6  

2.66 

7 8 . 1 6  

1 2.21 

0.89 

0.83 

3.68 

4 . 1 7  

0 . 1 7  

3.27 

• Indicates value w• below the detection limit. 

78.10 

1 2. 1 2  

0.22 

0.99 

0.1 7 

0.90 

4.03 

3.30 

0.1 8 

0.24 

78.42 

1 2.08 

0 . 1 4  

1 .00 

0 . 1 0  

0.93 

3.83 

3.39 

0.1 1 

3.33 

76.24 

1 1 .72 

"0.07 

0.73 

0.08 

0.77 

3.33 

4.00 

0 . 1 6  

98.02 

78.36 

1 2.20 

0.76 

0.08 

0.81 

3.46 

4 . 1 7  

0.1 6 

3.98 

' Means and stendard deviationa are for valun above detection limit only. 

76.38 

1 1 .77 

"0.06 

0.89 

·o.o4 

0.79 

3.44 

4 . 1 8  

0 . 1 0  

98.64 

78.07 

1 2. 1 9  

0.93 

0.81 

3.66 

4.33 

0.1 1 

3.46 

76.83 

1 1 .69 

·o.oo 

0.88 

0.06 

0.76 

3.40 

4.16 

0.14 

96.90 

78.26 

1 2.08 

0.90 

0.06 

0.78 

3.61 

4.28 

0.16 

3 . 1 0  

77.76 

1 2.07 

0.14 

1 . 1 2  

0.1 1 

0.87 

3.84 

3.48 

0.09 

99.49 

78. 1 8  

1 2. 1 3  

0.14 

1 . 1 3  

0. 1 1  

0.88 

3.86 

3.60 

0.09 

0.61 

' Aaumed water - the difference between original analytical total (of analyses ebove detection limit) and 100. 

78�8 

1 1 .86 

0�7 

0�9 

0� 

03 1 

U8 

4 . 1 8  

0 . 1 2  

97A3 

78.08 

1 2. 1 8  

0.08 

0.91 

0.08 

0.72 

3.67 

4.29 

0. 1 2  

2.67 

76.22 

1 1 .86 

0.09 

0.94 

·o.o6 

0.73 

3.67 

4.07 

0. 1 6  

97.74 

77.99 

1 2. 1 3  

0.09 

0.97 

0.76 

3.76 

4.17  

0.16  

2.26 

77.38 

1 1 .86 

0 . 1 2 

0.97 

0 . 1 4  

0.86 

3.91 

3.73 

0.1 7 

99. 1 2  

78.06 

1 1 .96 

0 . 1 3  

0.98 

0 . 1 4  

0.86 

3.94 

3.76 

0 . 1 7  

0.88 

76A9 

1 1 .78 

0 . 1 6  

1 .03 

0 . 1 6  

0.88 

3.82 

3.02 

0 . 1 6  

96.60 

78.23 

1 2.21 

0 . 1 6  

1 .07 

0 . 1 7  

0.91 

3.96 

3 . 1 3  

0.1 6 

3.60 

78.31 

1 2.27 

0.1 4 

1 .04 

0 . 1 6  

0.98 

3.62 

3.21 

0 . 1 8  

99.91 

78.38 

1 2.28 

0.14 

1 .04 

0.1 6 

0.98 

3.63 

3.21 

0 . 1 8  

0.09 

78. 1 1  

1 2. 1 7  

0.1 3 

0.99 

0 . 1 4  

0.89 

3.60 

3.46 

0.14 

99.82 

78.41 

1 2.22 

0 . 1 3  

0.99 

0.14 

0.90 

3.6 1 

3.47 

0.14 

0.38 

76.73 

1 1 .79 

0.1 1 

0.78 

0 . 1 3  

0.90 

3.68 

3.24 

0 . 1 6  

97.62 

78.69 

1 2�9 

0 . 1 1 

039 

0.14 

on 

338 

3n 

0.1 6 

2A9 

76.76 

1 1 .98 

·o.o7 

0.96 

0.09 

0.66 

3.68 

4 . 1 6  

0.1 6 

97.33 

77.83 

1 2.30 

0.98 

0.09 

0.67 

3.68 

4.27 

0.16  

2.87 

76.67 

1 1 .63 

"0.06 

0.82 

0. 1 3  

0.76 

3.32 

3.97 

0 . 1 3  

96.33 

78.46 

1 2.08 

0.86 

0 . 1 4  

0.77 

3.46 

4 . 1 2  

0 . 1 4  

3.68 

76.24 

1 2.09 

0. 1 6  

0.93 

0.14 

0.86 

3.86 

4.07 

0 . 1 7  

98.29 

77.68 

1 2.30 

0.1 6  

0.96 

0.14 

0.87 

3.71 

4 . 1 4  

0 . 1 8  

1 .7 1  

77 .44 

1 2. 1 3  

0.10 

0.83 

0.10 

0.76 

3.86 

4 . 1 3  

·o.o6 

99. 1 2  

78. 1 3  

1 2.24 

0.10 

0.84 

0 . 1 0  

0.76 

3.68 

4 . 1 7  

0.89 
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R 1 8  [Okareka Tephra], Bullot Track 5 . 1  
EMP analyses: glass ( ... continued) 

Si02 77.81  76.73 

AI,O, 1 1 .80 1 1 .8 1  

TiO, 0.20 0. 1 6  

FeO 0.84 0.98 

M gO 0 . 1 1 0. 1 8  

CoO 0.93 0.92 

No,O 3.66 3.88 

K,o 3.33 3.00 

Cl 0.1 2 0 . 1 3  

Totol 98.90 98.62 

Analysea above detection limit normaHeed 

Si02 78.68 78.48 

Al20, 1 2.03 1 2.24 

TiO, 0.20 0.1 8 

FeO 0.96 1 .00 

M gO 0 . 1 1 0 . 1 6  

CoO 0.94 0.96 

No,o 3.69 3.79 

K,O 3.37 3.1 1 

Cl 0. 1 2  0 . 1 3  

Water' 1 . 1 0  3.48 

• Indicates value w• below the detection limit. 
' Means and etandard deviatione are for vah.Jett ebove detection limit only. 
1 An:umed water - the difference between original analytical total {of analyaea above detection limit) and 100. 
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Okareka Tephra, O ka reka Quarry Type Locality 
EMP analyses: glass (continued . . .  ) 

s;o, 

Al20, 

Ti02 

FeO 

M gO 

c.o 

Ne,O 

K,O 

C l  

Tote! 

77.26 

1 1 .68 

0 . 1 6  

0.79 

0.08 

0.7 1 

3 . 1 6  

4 . 1 3  

0 . 1 0  

97.94 

7 7 .24 

1 2.09 

0.1 2 

0.78 

0.07 

0.87 

3.66 

3.98 

0. 1 2  

98.80 

77.04 

1 2.01 

·o.o6 

0.90 

0.07 

0.77 

3.48 

4. 1 2  

0. 1 3  

98.62 

76.64 

1 1 .84 

0.09 

0.86 

0.1 2  

0.92 

3.46 

3.96 

0.14 

98.00 

76.24 

1 2.00 

0.09 

0.82 

0.10 

0.84 

3.34 

3.80 

0. 1 3  

97.36 

Analyses above detection limit normaliaed to 1 00 CJ6 loa free 

SiO, 

AJ,o, 

TiO, 

FeO 

M gO 

c.o 

N e,o 

K,O 

Cl 

Water* 

78.88 

1 1 .82 

0 . 1 7  

0.81 

0.08 

0.72 

3.21 

4.22 

0.10 

2.06 

78. 1 8  

1 2.24 

0.1 2  

0.79 

0.07 

0.88 

3.80 

4.0 1 

0.1 2 

1 .20 

78.20 

1 2. 1 9  

0.91 

0.07 

0.78 

3.64 

4.18  

0 . 1 3  

1 .48 

' Indicates value w• below the detection limit. 

78.21 

1 2.08 

0.09 

0.86 

0 . 1 2  

0.94 

3.62 

4.04 

0 . 1 4  

2.01 

78.31 

1 2.32 

0.09 

0.84 

0.10 

0.86 

3.43 

3.91 

0. 1 3  

2.64 

74.41 

1 1 .73 

·o.oo 

0.94 

0.1 2 

0.83 

3.26 

3.94 

0 . 1 2  

96.34 

78.06 

1 2.30 

0.99 

0.1 3 

0.87 

3 .4 1  

4 . 1 3  

0 . 1 3  

4.68 

' Means and atandard deviatiorw are for values above detection limit only. 

7 6 .8 1  

1 1 .88 

0 . 1 3  

0.81  

0.09 

0.78 

3 .60 

3.98 

0.09 

98.06 

7 8.34 

1 2.1 1 

0 . 1 3  

0.82 

0.09 

0.79 

3.67 

4.06 

0.09 

1 .96 

76. 1 3  

1 2.09 

0.09 

0.78 

0.09 

0.72 

3.43 

3.98 

0.1 3 

97.43 

78.1 3 

1 2.41 

0.09 

0.80 

0.09 

0.74 

3.62 

4.08 

0.1 3 

2.67 

77 .04 

1 2.02 

0.19 

0.98 

0.14 

0.81 

3.71 

3.99 

0.1 3 

98.99 

7 7 .82 

1 2.14 

0 . 1 8  

0.99 

0.14 

0.82 

3.76 

4.03 

0 . 1 3  

1 .01  

* Aaumed water - t he  difference between original analytical total (of analyaea above detection limit) end 100. 

76.37 

1 1 .92 

0 . 1 3  

0.92 

0.07 

0.81 

3.29 

3.91 

0 . 1 2  

97.63 

78.30 

1 2.22 

0 . 1 3  

0.94 

0.08 

0.83 

3.38 

4 .0 1  

0.1 2 

2.47 

77.32 

1 1 .67 

·o.o6 

0.78 

0. 1 6  

0.72 

3.62 

3.93 

0 . 1 4  

98.22 

78.72 

1 1 .88 

0.79 

0.1 6 

0.74 

3.69 

4 .00 

0.14 

1 .78 

77.32 

1 1 .92 

0.34 

0.91 

·o.o3 

0.83 

3.67 

4.1 7 

0.09 

99.1 6  

77.97 

1 2.02 

0.34 

0.92 

0.84 

3.60 

4.21 

0.09 

0.84 

76.6 1 

1 1 .68 

·o.o6 

0.80 

0.07 

0.72 

3.27 

3.91 

0 . 1 6  

97.21 

78.80 

1 2 .02 

0.83 

0.07 

0.74 

3.36 

4.02 

0. 1 6  

2.79 

77.09 

1 1 .86 

"0.07 

0.77 

0 . 1 1 

0.72 

3.62 

4 . 1 8  

"0.02 

98.24 

78.47 

1 2.07 

0.78 

0 . 1 1 

0.73 

3.68 

4.26 

1 .76 

77.49 

1 1 .89 

0.16 

0.86 

0.09 

0.76 

3.47 

4.06 

0 . 1 4  

98.90 

78.36 

1 2.02 

0.1 6 

0.86 

0.09 

0.77 

3.6 1 

4.1 1 

0 . 1 4  

1 . 1 0  

76.46 

1 1 .78 

0. 1 2  

0.43 

0.08 

0.78 

3.31 

3.96 

0.14 

97.06 

7838 

1 2.14 

0. 1 3  

O M  

0 �  

0� 

3 A 1  

4 m  

0 . 1 4  

2� 

76.69 

1 2.00 

0.1 6 

0.92 

0.1 2  

0.82 

3.33 

4.07 

0. 1 7  

98. 1 6  

78.03 

1 2.22 

0. 1 6  

0.94 

0.1 2 

0.83 

3.40 

4 . 1 6  

0.1 7 

1 .84 

77 .60 

1 1 .68 

0.10 

0.81 

0.09 

0.79 

3.46 

4.03 

0.1 4 

88.67 

78.62 

1 1 .8 3  

0. 1 0  

0.82 

0.09 

0.80 

3.61 

4.08 

0 . 1 4  

1 .43 

76.84 

1 1 .9 1  

0.1 1 

0.82 

0.09 

0.8 1 

3.66 

4.08 

0 . 1 6  

87.38 

77.88 

1 2.23 

0.1 1 

0.84 

0.09 

0.83 

3.66 

4.20 

0. 1 8  

2.62 

77.78 

1 1 .96 

0. 1 8  

0.81 

"0.06 

0.76 

3.61 

4.01 

0 . 1 2  

88.20 

78.38 

1 2.06 

0 . 1 8  

0.82 

0.78 

3.64 

4.06 

0 . 1 2  

0.80 
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O kareka Tephra, Okareka Quarry Type locality 
EMP analyses: glass ( . . .  continued) 

SiO, 

AJ,o, 
Ti02 

FeO 

M gO 

CaO 

Na,O 3.48 

K,o 3.40 

Cl 0 . 1 3  

Total 96.66 

Si02 
AJ20, 
TiO, 

FeO 0.86 

M gO 0 . 1 2  

CaO 0.87 

Na,o 3.60 

K,O 3.62 

Cl 0 . 1 3  

Water' 3.46 

• lndic1tes value w• below the detection limit. 

' Means and standard deviatione are for values eove detection limit only. 

' Anumed water - the difference between original analytical total (of analy- above detection limit) and 100. 

)::.. .... 
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R 1 9  [Kawakawa Tephra Formation] .  Desert Road 5 . 1 0  
EMP analyses: glass (continued ... ) 

Si02 

Al203 

Ti02 

FeO 

MoO 

CoO 

No20 

K20 

Cl 

Total 

76.33 

1 1 .83 

0.08 

1 .01  

0.14 

1 .01  

3.68 

2.76 

0 . 1 8  

96.92 

76.87 

1 1 .74 

0. 1 8  

1 .23 

0.09 

1 . 1 1  

3.6 1 

2.86 

0 . 1 6  

96.83 

76.88 

1 1 .70 

0 . 1 6  

0.96 

0.08 

1 .07 

3 . 1 0  

2.70 

'0.06 

96.64 

76.69 

1 1 .67 

0.1 3 

0.94 

0.09 

0.96 

3.1 3  

2.97 

0. 1 6  

96.62 

76.98 

1 1 .70 

0.21 

0.96 

0.16 

0.92 

3.27 

3.08 

0.26 

96.63 

An�yses above detection limit normalised to 1 00 %  Ion free 

Si02 

A1203 

Ti02 

FeO 

MoO 

CoO 

No20 

K20 

Cl 

Water• 

78.76 

1 2.20 

0.09 

1 .04 

0.1 6 

1 .04 

3.69 

2.86 

0 . 1 8  

3.08 

78.36 

1 2 . 1 2  

0. 1 9  

1 .27 

0.09 

1 .1 4  

3.73 

2.96 

0 . 1 6 

3 . 1 7  

79.34 

1 2.23 

0. 1 6  

1 .00 

0.08 

1 . 1 2  

3.24 

2.83 

4.36 

· Indicates value was below the detection limit. 

79. 1 6  

1 2. 1 0  

0.1 3 

0.99 

0.09 

1 .00 

3.27 

3. 1 1  

0 . 1 6  

4.38 

78.71 

1 2. 1 2  

0.22 

0.99 

0.16 

0.96 

3.38 

3. 1 9  

0.26 

3.47 

76.92 

1 1 .7 2  

0 . 1 1 

1 . 1 6  

0 . 1 4  

0.90 

3.32 

3.26 

0.24 

96.74 

78.47 

1 2. 1 1 

0 . 1 1 

1 . 1 8  

0.1 4 

0.93 

3.43 

3.37 

0.26 

3.26 

' Means and standerd deviatiorw are for values above detection limit only. 

7 6.24 

1 1 .76 

0 . 1 9  

1 . 1 6  

0 . 1 0  

1 .07 

3.42 

3.33 

0.31 

9 7 .67 

7 8 . 1 4  

1 2.06 

0 . 1 9  

1 . 1 8  

0 . 1 0  

1 . 1 0  

3.60 

3.42 

0.32 

2.43 

76.22 

1 1 .98 

0. 1 3  

1 .2 1  

0 . 1 6  

0.91 

3.63 

3 . 1 3  

0.22 

97.60 

78. 1 8  

1 2.29 

0 . 1 4  

1 .24 

0 . 1 6  

0.94 

3.62 

3.21 

0.23 

2.61 

76.41 

1 1 .89 

·o.o1 

1 .03 

0.12 

1 .03 

2.97 

3.08 

0.33 

96.86 

78.89 

1 2.28 

1 .06 

0.1 2 

1 .07 

3.07 

3.1 7 

0.34 

3.14 

' Anumed woter - the difference between originol onolyticol totol (of onoly- above detection limit) and 100. 

76.96 

1 1 .70 

0.10 

1 .1 6  

0.1 6 

1 .01  

3.1 9 

3.36 

0.22 

96.86 

78.43 

1 2.08 

0.10 

1 .20 

0 . 1 6  

1 .04 

3.29 

3.47 

0.22 

3 . 1 6  

76.80 

1 1 .76 

0.2 1 

0.99 

0 . 1 0  

0.92 

3 . 1 1 

2.94 

·o.oo 

96.83 

79. 1 0  

1 2.27 

0.22 

1 .03 

0 . 1 0  

0.96 

3.26 

3.06 

4 . 1 7  

76.69 

1 1 .76 

0.01 

0.80 

0.10 

1 .02 

2.91 

3.01 

0.08 

96.27 

79.34 

1 2.36 

0.01 

0.83 

0.10 

1 .07 

3.06 

3 . 1 6  

0.09 

4.73 

76.98 

1 1 .74 

0.23 

1 .1 0  

·o.o6 

1 .1 2  

2.98 

2.83 

0.1 9 

96. 1 6  

79.02 

1 2.21 

0.24 

1 . 1 4  

1 . 1 6  

3 . 1 0  

2.94 

0.20 

3.84 

76.70 

1 1 .96 

0. 1 1  

1 .27 

0.10 

1 .01  

3.64 

2.96 

·o.o2 

96.66 

78.32 

1 2.37 

0.1 2 

1 .32 

0.1 1 

1 .06 

3.66 

3.06 

3.36 

76.61 

1 1 .70 

0.1 2  

0.98 

0 . 1 3 

0.97 

2.99 

2.84 

0.26 

96.68 

79.1 1 

1 2.24 

0.1 2 

1 .02 

0 . 1 3  

1 .02 

3 . 1 3  

2.97 

0.26 

4.42 

76.92 

1 1 .44 

0.1 7 

0.80 

0.09 

1 .03 

3 . 1 0  

2.98 

0 . 1 4  

96.67 

79.36 

1 1 .96 

0 . 1 8  

0.83 

0.10 

1 .07 

3.24 

3.1 2 

0 . 1 6  

4.33 

76.96 

1 1 .74 

0 . 1 2  

1 .02 

0 . 1 4  

0.97 

3.21 

3.08 

0.10 

96.31 

78.86 

1 2. 1 9  

0 . 1 3  

1 .06 

0 . 1 4  

1 .01  

3.33 

3.20 

0.10 

3.69 

76.23 

1 1 .62 

0.10 

0.94 

0 . 1 3  

1 .08 

3.14 

2.94 

0.26 

96.43 

79.06 

1 2.06 

0.10 

0.98 

0 . 1 3  

1 . 1 2  

3.26 

3.06 

0.26 

3.67 

76.38 

1 1 .76 

0.09 

1 .24 

0.10 

1 .06 

3.49 

2.76 

'0.07 

96.87 

78.86 

1 2. 1 4  

0.09 

1 .28 

0.1 1 

1 .08 

3.61 

2.86 

3 . 1 3  

76. 1 6  

1 1 .7 1  

0.09 

1 .07 

0 . 1 6  

1 . 1 0  

3.37 

3.03 

0.20 

96.87 

78.61 

1 2.09 

0.09 

1 . 1 0  

0 . 1 6  

1 . 1 3  

3.48 

3 . 1 3  

0.20 

3 . 1 3  

):.. .... 
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R 1 9  [Kawakawa Tephra Formation], Desert Road S . 1 0  
EMP analyses: glass ( ... continued) 

Si02 

AJ:z03 

Ti02 

FeO 

M gO 

c.o 
N-,0 

K20 

Cl 

Tot•l 

Analyaes above 
normoliaed to 1 00 '!6  

Si02 

Al20, 

Ti02 

FeO 

M gO 

c.o 
N•20 

K20 

Cl 0.22 

W•ter' 2.77 

· Indicates value w• below the detection limit. 

' Mearw and standard devietiorw ere for values above detection limit only. 

' Assumed w•ter - the difference between original •nolyticol total lof .n•lyMS •bove detection limit) .m 1 00. 

)::.. -
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Member Tf1 4, Tufa Trig Formation 
EMP analyses: clinopyroxene 

SiO, 

AJ,o, 

TiO, 

FeO 

M nO 

M gO 

CoO 

No,o 

K,O 

NiO 

cr,o, 

Toto! 

62.46 

1 .97 

0 . 1 4  

4.71 

0.16 

1 7 .74 

2 1 .39 

0.29 

"0.01 

·o.o6 

0.42 

99.27 

60.72 

2.26 

0.4 1 

1 0. 1 0  

0. 1 9  

1 4.26 

2 1 .07 

0.36 

·o.oo 

·o.oo 

·o.o9 

99.38 

60.70 

1 .74 

0.60 

1 0.81 

0.29 

1 4.26 

1 9.92 

0.34 

"0.01 

·o.oo 

·o.oo 

98.66 

60.62 

2 . 1 6  

0.64 

1 1 .46 

0.36 

1 3.67 

20.40 

0.30 

"0.01 

"0.02 

"0.02 

99.48 

60.30 

3.28 

0.49 

7.79 

0.24 

1 6.43 

20.42 

0.32 

·o.oo 

·o.o9 

0.43 

98.69 

60.90 

3.08 

0.40 

7.44 

0.24 

1 6.42 

2 1 .06 

0.36 

·o.oo 

·o.oo 

"0. 1 2  

98.88 

60.86 

2.66 

0.38 

7 . 1 9  

0.26 

1 6 .90 

2 1 .63 

0.26 

"0.02 

"0.08 

0 . 1 9  

99.23 

60.98 

2.33 

0.49 

9.32 

"0. 1 4  

1 6. 1 0  

20.63 

0.37 

·o.oo 

·o.o6 

0.30 

99.43 

60.86 

2.63 

0.31 

7.03 

·o.oo 

1 6.98 

2 1 .01  

0.32 

·o.oo 

·o.o6 

0.21 

98.34 

6 1 .2 1  

2.62 

0.37 

7. 1 1  

0.31 

1 6.81 

2 1 .44 

0.32 

·o.oo 

"0.02 

"0. 1 0  

99. 1 8  

Cationa on the besi• of 6 oxygens 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

Co 

No 

K 

Ni 

Cr 

Totol 

Mg N" 

En% 

Fo% 

Wo% 

1 .932 1 .9 1 4  1 .932 1 .9 1 9  1 .891 1 .906 1 .901 1 .9 1 2  1 .91 1 1 .9 1 1 

0.086 0. 1 0 1  0.078 0.096 0.146 0 . 1 3 6  0.1 1 7  0.103 0.1 1 6  0 . 1 1 6  

0.004 0.0 1 2  0.014 0.0 1 6  0.014 0.0 1 1 0.0 1 1 0.014 0.009 0.0 1 0  

0 . 1 4 6  0.3 1 9  0.344 0.363 0.246 0.233 0.226 0.292 0.221 0.222 

o.oo6 o.ooe o.oo9 0.0 1 1 o.oo8 o.oo8 o.oo8 ·o.oo6 ·o.ooo o.o1o 

0.974 0.802 0.8 1 0  0.772 0.866 0.860 0.886 0.844 0.896 0.879 

0.844 0.862 0.8 1 3  0.829 0.822 0.844 0.862 0.826 0.846 0.867 

0.020 0.027 0.026 0.022 0.024 0.026 0.0 1 9  0.027 0.023 0.023 

·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo 

·o.oo2 ·o.ooo ·o.ooo ·o.oo1 ·o.oo3 ·o.ooo ·o.oo2 ·o.oo2 ·o.oo2 ·o.oo1 

0.0 1 2  ·o.oo3 ·o.ooo ·o.oo1 o.0 1 3  ·o.oo4 o.oo6 o.oo9 o.oo6 ·o.oo3 

4.022 4.033 4.026 4.027 4.027 4.022 4.036 4.026 4.027 4.027 

87.04 7 1 .64 70. 1 9  68.02 77.93 78.68 79.76 74.30 80.20 79.84 

49.62 40.66 4 1 . 1 8  39.31 44.77 44.40 44.91 43.04 46.62 44.89 

7.38 

43.00 

1 6. 1 7 

43. 1 8  

1 7 .49 

4 1 .33 

1 8.48 

42.2 1 

1 2.68 

42.66 

1 2.03 

43.67 

1 1 .40 

43.69 

1 4.89 

42.07 

1 1 .26 

43.1 2  

1 1 .34 

43.77 

· lndicatee value w• below the detection limit. 
' Me.,.. end atanderd devietiorw ere for core values above detection limit only. 

1 1 .66 

42.92 

):,. ..... 
� 



Member Tf8, Tufa Trig Formation 
EMP analyses: clinopyroxene 

SiO, 

Al20, 

TiO, 

FeO 

M nO 

MoO 

CoO 

No,O 

K20 

NiO 

Cr20, 
Totol 

60.23 

2.91 

0.69 

9.80 

'0. 1 1 

1 4.34 

20.23 

0.34 

'0.00 

'0.06 

'0.06 

98.42 

6 1 . 1 7  

2.88 

0.44 

7.63 

'0.1 1 

1 6.29 

2 1 .61 

0.32 

·o.oo 

'0.07 

'0.08 

99.23 

Catiot"'8 on the b•i• of 6 oxygens 

6 1 .0 1  

1 .7 1  

0.64 

10.66 

0.30 

14.79 

1 9.46 

0.24 

'0.00 

'0.04 

·o.oo 

98.60 

60.99 

1 .61 

0.60 

10.36 

0.34 

1 4.64 

20. 1 8  

0.26 

·o.oo 

'0.07 

0.16 

98.82 

60.73 

1 .96 

0.68 

1 1 . 1 8  

0.26 

1 4 . 1 9  

1 9.92 

0.36 

'0.01 

·o.oo 

'0.14 

99.26 

60.88 

1 .82 

0.60 

1 0.64 

0.29 

1 4.70 

1 9.99 

0.28 

'0.00 

·o.oo 

'0 . 1 0  

99.07 

60.44 

2.88 

0.41 

8.69 

0.20 

1 4 . 7 1  

21 .26 

0.34 

'0.01 

'0.03 

·o.o8 

98.81 

60.98 

2.76 

0.38 

6.87 

0.21 

1 6.33 

2 1 .90 

0.29 

·o.oo 

·o.oo 

0.37 

99.09 

62.71 

1 .71 

0.19 

6.06 

0.16 

1 7 .70 

2 1 .36 

0.23 

·o.oo 

·o.oo 

0.37 

99.47 

62.24 

1 .76 

0.19 

6.64 

0.16 

1 7 .83 

1 9.72 

0.2 1 

'0.01 

'0.10 

·o.o7 

98.61 

62. 1 6  

2.22 

0.23 

6.26 

0.24 

1 6.64 

22.03 

0.23 

'0.01 

'0.02 

0.26 

99.26 

Si 1 .904 1 .908 1 .936 1 .936 1 .920 1 .924 1 .902 1 .907 1 .940 1 .941 1 .930 

AJ 0. 1 30 0.127 0.076 0.068 0.087 0.081 0 . 1 28 0.1 2 1  0.074 0.076 0.097 

Ti 0.0 1 7  0.012 0.0 1 6  0.014 0.0 1 9  0.0 1 7  0.0 1 2  0.0 1 1  0.006 0.006 0.007 

Fe 0.3 1 1 0.236 0.336 0.328 0.364 0.334 0.271 0.2 1 6  0.166 0.203 0.1 62 

Mn '0.004 '0.003 0.010 0.0 1 1  0.008 0.009 0.007 0.007 0.006 0.006 0.007 

Mg 0.8 1 0  0.860 0.836 0.823 0.801 0.829 0.827 0.866 0.971 0.987 0.9 1 8  

Co 0.822 0.864 0.791 0.820 0.808 0.810 0.869 0.878 0.842 0.786 0.874 

No 0.026 0.023 0.0 1 8  0,019 0.026 0 .020 0.026 0.0 2 1  0.0 1 7  0.0 1 6  0.0 1 7  

K �� �� �00 �� �� �� �� �� �� �� �� 
N i  ·o.oo2 ·o.oo2 ·o.oo1 ·o.oo2 ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo3 ·o.oo1 

Cr '0.002 '0.002 '0.000 0.006 '0.004 '0.003 '0,002 0.01 1 0.0 1 1 '0.002 0.007 

Toto! 4 .0 1 9  4 .0 1 9  4.0 1 7  4.023 4.022 4 .024 4.031 4.026 4.021 4 .0 1 7  4.0 1 9  

M o  N" 72.26 78.34 71 .39 7 1 .60 69.36 7 1 .28 76.32 79.91 86. 1 6  82.94 86.00 

En'll> 4 1 .69 43.61 42.61 4 1 .76 40.80 42.02 42.26 43.89 49.31 49.97 46.98 

Fe'll> 1 6.01 1 2.06 1 7.07 1 6.64 1 8.03 1 6.93 1 3.86 1 1 .04 7.92 1 0.28 8.29 

Wo'l!> 42.31 44.33 40.32 41  .eo 4 1 . 1 e 4 1 .06 43.89 46.07 42.76 39.76 44.73 

· Indicates v•ue w• below the detection limit. 
' Mo.,. ond otondord deviotiono oro for core vol.._ obovo detection limit only. 
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Member Tf5, Tufa Trig Formation 
EMP analyses : clinopyroxene 

SiO, 

AI.20, 

TiO, 

FeO 

M nO 
M gO 

CoO 

No,O 

K20 

NiO 

Cr20, 

Totol 

60.68 

2.4 1 

0.60 

8.68 

0.26 

1 4.69 

21 .04 

0.21 

0oooo 

0oooo 

0ooo6 

98o27 

60o69 

1 .63 

0.67 

1 1 o69 

Oo29 

1 3o90 

1 9o66 

Oo30 

0oooo 

0oooo 

O o 1 9  

98o72 

C•tiOfW on the b•i• of 6 oxygena 

60o69 

1 o69 

Oo69 

1 1 o4 1  

Oo26 

1 3o 7 1  

1 9.61  

Oo31 

00.02 

00o08 

Oo21 

98o26 

60o42 

2o06 

Oo64 

1 0o63 

Oo30 

1 3o84 

20.81 

Oo36 

0oooo 

0oooo 

00o07 

98.84 

6 1 o79 

2o61 

Oo31 

6o63 

Oo20 

1 6o66 

2 1 .0 1  

Oo30 

0oooo 

0oooo 

Oo1 7 

99.68 

60o41 

3o73 

0.46 

6.82 

O o 1 6  

1 6o44 

21 .60 

Oo33 

00o01 

0oooo 

00. 1 4  

98.81 

6 1 . 1 9  

2.64 

0.36 

6.67 

O o 1 7  

1 6. 1 6  

21 .89 

Oo29 

0o.oo 

0o.oo 

00o 1 6  

99.36 

60o 1 9  

2o61 

Oo60 

1 1 o86 

Oo26 

1 3 o66 

1 9 o32 

0.44 

OO.o1 

0oooo 

00o04 

98o81 

60o61 

2o31 

Oo44 

8o80 

Oo22 

14o89 

20.83 

Oo31 

0oooo 

00o02 

0.1 7 

98.67 

6 1 o 1 4  

2o76 

Oo34 

6o06 

00o 1 0  

1 6 .39 

2 1 o99 

Oo28 

00o02 

0o.oo 

Oo22 

99o1 7 

60o86 

1 o68 

0.46 

1 0o37 

0.29 

1 4.63 

20.30 

0.32 

0o.oo 

00.02 

00.07 

98.80 

60o27 

1 o78 

Oo64 

1 0o77 

Oo28 

1 4o28 

1 9o98 

0.24 

OO.o1 

0oooo 

00o 1 0  

98o 1 9  

6 1 .07 

1 o86 

Oo66 

1 1 o82 

Oo28 

1 4o09 

20o40 

Oo28 

00o01 

00o04 

00o06 

99o90 

60o30 

2 o 1 6  

Oo66 

1 1 o69 

Oo32 

1 4 o 1 6  

1 9o33 

Oo41 

00o01 

00o06 

00o06 

98o82 

Si 1 o9 1 8  1 o931 1 o9 3 6  1 o9 1 8  1 o9 1 8  1 .886 1 .904 1 o9 1 3  1 .9 1 6  1 .902 1 o930 1 .922 1 o927 1 o9 1 6  

AI O o 1 08 Oo074 Oo076 0.092 Oo109 Oo1 64 Oo1 1 6  O o 1 1 3  Oo103 Oo1 20 Oo076 O o080 0.073 Oo097 

Ti Oo014 Oo0 1 9  Oo0 1 7 Oo016 Oo009 Oo0 1 3  Oo010 O o0 1 7  Oo0 1 3  Oo0 1 0  0.0 1 3  Oo0 1 8  Oo0 1 8  O o0 1 8  

Fe Oo278 Oo370 Oo366 Oo336 0.206 0.2 1 3  0.207 Oo378 Oo279 0.1 89 Oo329 Oo344 Oo387 Oo389 

Mn Oo008 0.009 0.008 0.0 1 0  0.008 0.006 0.006 Oo008 0.007 °0.003 Oo009 Oo008 Oo008 O.o 1 0  

Mg 0.826 Oo791 Oo782 Oo786 Oo920 Oo861 Oo896 Oo778 0.840 Oo908 Oo822 Oo81 3 0.793 0.803 

Co Oo866 Oo800 Oo800 Oo848 Oo834 Oo861 Oo872 Oo789 0.846 Oo878 Oo826 O o8 1 9  Oo826 Oo789 

No O o0 1 6  Oo022 Oo023 Oo026 Oo021 Oo024 0.021 O o033 Oo022 Oo020 Oo024 Oo0 1 8  Oo0 1 9  0.030 

K 0ooooo 0ooooo 0oooo1 °ooooo 0ooooo 0o.oo1 °ooooo 0ooooo 0o.ooo 0oooo1 °ooooo 0oooo1 °o.ooo 0ooooo 

Ni 0o.ooo 0ooooo 0oooo2 °o.ooo 0o.ooo 0o.ooo 0o.ooo 0ooooo 0ooooo 0ooooo 0ooooo 0ooooo 0oooo1 °oooo2 

Cr 00o002 Oo006 Oo006 °0o002 Oo006 °0o004 °0o004 °0o001 Oo006 Oo007 °0o002 °0o003 °0o001 °0o002 

Totol 4 o0 1 9  4o022 4o0 1 3  4.030 4.027 4.026 4.031 4o027 4o029 4o032 4o027 4.022 4o028 4o030 

Mg N" 74o93 88o 1 3  88o 1 8 70o09 8 1 o78 80o 1 7  8 1 o23 87 .24 76o07 82.77 7 1 o42 70o27 88o36 68o62 

En" 42o 18 40o34 40o 1 8  39o88 46o96 44.60 46o37 39o94 42o77 46o02 41 o80 41
0
1 4  39o96 40o96 

Fe" 1 4 o 1 1 1 8o87 1 8o76 1 7 o02 1 0o46 1 1 .0 1  1 0o48 1 9o46 14o21 9o68 1 6o86 1 7 .41 1 8o49 1 8o82 

Wo" 43o71 40o80 4 1 o0 9  43o09 42o67 44.60 44o 1 6  40o81 43o02 44o40 41 o76 4 1 o46 41 o68 40o23 

• lndicetea velue w• below the detection limit. 
' M...-. ond atondord deviotiono ore for core vol.- obove detection limit only o 
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Member Tf 1 ,  Tufa Trig Formation 
EMP analyses: clinopyroxene 

SiO, 

Al20, 

TiO, 

FeO 

M nO 
M gO 

CoO 

Ne,O 

K,O 

NiO 

Cr20, 

Totel 

60.66 

2.02 

0.62 

1 2 .46 

0.29 

1 4 . 1 6  

1 8.29 

0.42 

"0.02 

·o.o1 

0 . 1 2  

99.03 

60.89 

2.60 

0.64 

1 1 .48 

0.27 

1 3.96 

1 9.66 

0.39 

·o.oo 

"0.02 

·o.o8 

99.78 

C•ti()JW on the b•i• of 6 oxygens 

62.76 

2.23 

0.20 

6.47 

0.1 8  

1 8.39 

1 9. 2 1  

0.30 

·o.oo 

·o.o8 

0.26 

98.99 

62.88 

2.66 

0.21 

6.61 

0.17 

1 8.43 

1 9.28 

0.30 

·o.oo 

·o.o6 

0.1 1 

99.64 

62. 1 6  6 1 .76 

3.07 1 .66 

0.23 0.61 

4.90 1 0.48 

0 . 1 6  0.29 

1 7 .82 1 6.69 

20.66 1 9 .69 

0.23 0.22 

·o.oo ·o.oo 

·o.o8 ·o.oo 

o.1o ·o.oo 

99.82 1 00 . 1 0  

60.99 

2 . 1 2  

0.87 

1 0 . 1 1 

0.26 

1 4 .79 

1 9.92 

0.24 

·o.oo 

"0.01 

"0.02 

99.09 

63.1 6  

1 .98 

0 . 1 8  

6.16  

0.16 

1 8.04 

20.61 

0.26 

·o.oo 

·o.oo 

0.36 

99.86 

6 1 . 1 6  

1 .78 

0.69 

10.34 

0.28 

14.74 

1 9.28 

0.26 

"0.02 

"0.02 

"0.07 

98.43 

60.71 6 1 .89 6 1 .40 

2.42 1 .70 2.03 

0.61 0.60 0.48 

1 1 .83 10.21 1 1 .41  

0.30 0.30 0.40 

1 3.94 1 6.27 1 4.02 

1 9.66 20. 1 9  1 9.92 

0.4 1 0 . 1 8  0.41 

·o.oo ·o.o1 ·o.oo 

·o.oo ·o.oo ·o.o4 

·o.o2 ·o.o3 ·o.oo 

99.77 1 00.33 1 00.08 

62.43 

2.1 1 

0.43 

7.91 

0.29 

1 6.99 

1 9.67 

0.16 

"0.01 

"0.06 

·o.oo 

99.87 

60.66 6 1 . 1 6  62.77 

4.67 4.47 3.09 

0.49 0.46 0.23 

6.62 6 . 1 3  6.60 

0.1 7 0.23 0 . 1 6  

1 6.77 1 6.33 1 8.81 

2 1 . 1 3  2 1 .00 1 8.67 

0.30 0.29 0.28 

·o.oo ·o.oo ·o.oo 

"0.06 "0.04 "0.07 

"0.03 0 . 1 9  0.88 

89.81 1 00.24 1 00.67 

Si 1 .927 1 .9 1 6  1 .9 4 1  1 .934 1 .908 1 .933 1 .923 1 .943 1 .940 1 .9 1 6  1 .933 1 .932 1 .936 1 .870 1 .876 1 .8 1 1  

AI 0.091 0.1 1 1  0.097 0.1 1 0  0.1 32 0.068 0.094 0.086 0.080 0 . 1 08 0.076 0.090 0.092 0.203 0 . 1 93 0 . 1 32 

Ti 0.018 O.Q 1 8  0.006 0.006 0.006 0.0 1 7  0.0 1 8  0.006 0.0 1 7  0.0 1 7  0.0 1 7  0.0 1 4  0.0 1 2  0.014 0.0 1 3  0.006 

Fe 0.396 0.362 0. 1 68 0.1 7 1  0 . 1 60 0.327 0.3 1 9  0.167 0.328 0.374 0 . 3 1 8  0.369 0.244 0.204 0.1 88 0 . 1 69 

Mn 0.009 0.009 0.006 0.006 0.006 0.009 0.008 0.006 0.009 0.0 1 0  0.009 0.0 1 3  0.009 0.006 0.007 0.006 

Mg 0.803 0.783 1 .008 1 .006 0.972 0.868 0.832 0.883 0.833 0.766 0.848 0.786 0.934 0.868 0.893 1 .021 

c. 0.746 0.793 0.767 0.766 0.806 0.784 0.806 0.807 0.783 0.791 0.806 0.802 0.774 0.836 0.826 0.724 

Ne 0.031 0.028 0.0 2 1  0.021 0.0 1 7  0.0 1 6  0.0 1 7  0.018 0.0 1 9  0.030 0.0 1 3  0.030 0.01 1 0.021 0.021 0.020 

K ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

Ni ·o.ooo ·o.oo1 ·o.oo2 ·o.oo1 ·o.oo2 ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.oo2 ·o.oo2 ·o.oo1 ·o.oo2 

cr o.oo4 ·o.oo2 0.001 o.003 0.020 ·o.ooo ·o.oo1 0.010 ·o.oo2 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 o.oo6 o.026 

Totel 4 .024 4.020 4.0 1 0  4.0 1 1  4.0 1 6  4.023 4.0 1 7  4.013 4.009 4 .030 4 .0 1 9  4.026 4.01 1 4.021 4.021 4 .0 1 3  

M g  N" 66.97 68.38 86. 7 1  86.46 86.63 72.64 72.28 86.23 71 .76 67.73 72.73 68.66 78.28 80.87 82.61 86.80 

En% 4 1 .3 1  40.40 62. 1 6  62.02 60.41 43.86 42.64 60.48 42.86 40.26 43.00 40.37 4 7.86 46.48 46.86 63.34 

Fe% 20.37 1 8.68 8.68 8.86 7.78 1 6.62 1 6. 3 1  8.06 16.87 1 8 . 1 8  1 6. 1 3  1 8.44 1 2.60 1 0 .68 8.86 8.83 

Wo% 38.32 40.82 39. 1 6  38. 1 3  4 1 .80 39.62 4 1 . 1 6  4 1 .46 40.28 40.66 40.87 4 1 . 1 8  38.66 43.82 43.28 37.83 

· lndic•tee v-'ue w• below the detection limit. 
' M .. rw 8nd ltendwd devietiorw we for core veh.- lbove detection limit only. 
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Poutu lapilli, Mangamate Tephra 
EMP analyses : clinopyroxene (continued ... J 

Si02 

Al20, 

Ti02 

FeO 
M nO 

M gO 

CoO 

No,O 

K20 

NiO 

Cr203 

Totol 

62.39 

1 .84 

0.2 1 

6.1 1 

0.20 

1 7 . 1 8  

21 .28 

0.21 

·o.oo 

·o.oo 

0.26 

99.68 

61 .90 

2.26 

0.26 

4.79 

"0.03 

1 6.66 

22.66 

0.17 

·o.oo 

·o.o6 

0.66 

99.24 

62.67 

1 .69 

0.14 

4.78 

0.19 

1 7.24 

22.32 

0 . 1 8  

"0.01 

·o.oo 

0.30 

99.60 

62.34 6 1 .69 

1 .87 2.91 

0.23 0.30 

8.02 6.68 

0.23 "0.1 3 

1 6.81 1 6.37 

2 1 . 1 7  2 1 .6 1  

·o.o8 0.20 

·o.oo ·o.oo 

·o.oo ·o.o6 

·o.oo o.43 

98.66 100. 1 0  

6 1 .68 62.63 

2.83 1 .80 

0.31 0 . 1 8  

6.40 4.73 

0.20 0.20 

1 6.42 1 7. 1 9  

2 1 . 1 6  22.64 

0.23 0.19 

·o.oo ·o.o1 

·o.oo ·o.o3 

0.29 0.60 

99.61 1 00.06 

61 .64 

2.74 

0.31 

6.4 1 

0.2 1 

1 6.64 

2 1 .47 

0.24 

"0.01 

·o.oo 

0.33 

99.80 

62.77 

1 .47 

0.19 

6.00 

0.22 

1 7 .66 

20.30 

"0.14 

·o.oo 

·o.oo 

"0.1 1 

98.61 

61 .67 

3.29 

0.31 

6.87 

"0. 1 3  

1 7 .84 

1 9.28 

"0.02 

"0.01 

·o.oo 

·o.oo 

99. 1 6  

62.00 

1 .91  

0.19 

6.36 

0 . 1 9  

1 7 .34 

20.93 

"0.18 

"0.02 

'0.02 

0.23 

99.16 

6 1 .60 63.01 

2.63 1 .39 

0.32 0.21 

6.07 6.87 

·o.oo o.26 

1 6.61 1 8.68 

2 1 .8 1  20.33 

·o.21 ·o.oo 

·o.oo ·o.oo 

·o.oo ·o.o2 

0.30 0.44 

99. 1 4  1 00.07 

62.01 6 2 . 1 2  63.04 63.46 

2.41 2.80 1 .89 1 .46 

0.29 0.28 0.22 0 . 1 7  

6.68 6.60 6.19 3.83 

0. 1 7  0.20 0.16 "0. 1 0  

1 6.80 1 6.40 1 7 .40 1 7 .96 

21 .27 21 .63 2 1 .82 22.60 

·o.1 o ·o.o3 ·o.o6 ·o.o6 

·o.oo ·o.oo ·o.oo ·o.oo 

·o.o4 ·o.o2 ·o.o6 ·o.oo 

0.32 0.33 0.48 0.86 

99.84 100. 1 6  1 00.42 100.41 

62.66 

1 .69 

"0. 1 4  

4.83 

"0.07 

1 6.74 

22. 1 7  

0.24 

"0.02 

"0.06 

0.60 

98.72 

62.96 62.09 

1 .66 2.86 

0.21 0.22 

4.88 6.86 

"0. 1 2  "0.16 

1 6.86 1 6. 1 6  

22.39 2 1 .48 

"0. 1 6  0.27 

·o.oo ·o.o1 

"0. 1 0  "0.03 

0.43 0.27 

99.49 99.29 

Cations on the b•i• of 6 oxyge,.. 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

c. 

No 

K 

Ni 

Cr 

Totol 

Mg N" 

En" 

"-" 

Wo" 

1 .934 1 .920 1 .941 1 .946 1 .902 1 .91 3 1 .931 1 .906 1 .966 1 .904 1 .927 1 .9 1 1 1 .940 1 .9 1 8  1 .9 1 6  1 .834 1 .942 1 .860 1 .946 1 .926 

0.080 0.098 0.073 0.082 0.126 0.123 0.078 0.1 1 9  0.064 0.143 0.083 0.1 1 6  0.060 0.106 0 . 1 2 1  0.086 0.062 0.069 0.072 0.124 

0.006 0.007 0.004 0.006 0.008 0.009 0.006 0.009 0.006 0.009 0.006 0.009 0.006 0.008 0.008 0.006 0.006 "0.004 0.006 0.006 

0.1 8 9  0.148 0.147 0 . 1 87 0.206 0 . 1 98 0.146 0 . 1 98 0.186 0.2 1 2  0 . 1 97 0.1 88 0 . 1 80 0.203 0.200 0.168 0.1 1 8  0 . 1 60 0. 1 60 0.1 84 

o.oo6 ·o.oo1 o.oo6 o.oo1 ·o.oo4 o.oo6 o.oo6 o.oo1 0.001 ·o.oo4 o.oo6 ·o.ooo o.oo8 o.oo6 o.oo6 o.oo6 ·o.oo3 ·o.oo2 ·o.oo4 ·o.oo6 

0.946 0.9 1 8  0.947 0.932 0.900 0.906 0.940 0.9 1 2  0.976 0.982 0.968 0.9 1 3  1 .0 1 4  0.923 0.899 0.946 0.972 0.924 0.929 0.890 

0.842 0.894 0.881 0.843 0.863 0.839 0.886 0.861 0.806 0.762 0.831 0.867 0.797 0.841 0.848 0.867 0.880 0.880 0.881 0.860 

o.0 1 6  0.0 1 2  o.0 1 3  ·o.oo6 o.0 1 4  o.0 1 6  o.0 1 4  0 .0 1 1  ·o.o 1 o  ·o.oo1 ·o.0 1 3  ·o.0 1 6  ·o.ooo ·o.oo1 ·o.oo2 ·o.oo4 ·o.oo3 0.0 1 1  ·o.o 1 2  o.0 1 9  

·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo 

·o.ooo ·o.oo2 ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.oo2 ·o.ooo ·o.oo1 ·o.oo3 ·o.oo1 

o.oo1 o.0 1 9  o.oo9 ·o.ooo o.0 1 3  o.oo8 0.0 1 1  o.o 1 o  ·o.oo3 ·o.ooo o.oo1 o.oo9 o.0 1 3  o.oo9 0.010 o.014 o.o26 o.0 1 6  0.0 1 2  o.oo8 

4.024 4.0 1 6  4.021 4.003 4.022 4.0 1 8  4.022 4.029 3.998 4.0 1 2  4.014 4.0 1 2  4 .0 1 8  4.0 1 2  4.008 4.006 4.006 4.006 3.996 4.006 

83.33 86. 1 2  86.66 83.29 81 .37 82.07 86.64 82. 1 6  83.98 82.24 82.94 82.92 84.92 8 1 .97 8 1 .80 86.69 89.09 86.03 86. 1 0  82.87 

47.82 46.84 47.96 47.60 46.94 46.63 47.69 46.61 49.67 60.20 48.24 46.39 60.93 46.92 46.1 7 48.24 49.32 47.29 47.40 46.26 

9.66 7.66 7.44 9.63 10.62 10.1 9 7.36 1 0 . 1 0  9.46 1 0.84 9.92 9.66 9.04 10.32 1 0.27 8.06 6.04 7.68 7.66 9.66 

42.6 1 46.61 44.61 42.97 43.64 43. 1 8  44.96 43.40 40.98 38.96 4 1 .84 44.06 40.03 42.76 43.66 43.70 44.66 46.04 44.96 44. 1 8  

· lndicat .. v-'ue w• below t he  detection limit. 
' Me.,.. .net etenderd devi.tior. •• for core vah .... .t>ove detection limit only. 
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Poutu Lapilli, Mangamate Tephra 
EMP analyses: clinopyroxene ( ... continued) 

Si02 63.69 61 .90 62.87 63.42 63.28 6 1 .79 61 .83 

Al203 1 .3 2  2.98 1 .96 1 .74 1 .77 2.69 2.84 

Ti02 ·o.1 3 0.26 ·o.oo ·o. 1 2  ·o . 1 3  0.26 0.32 

FeO 6 . 1 4  6 . 1 6  6. 1 6  6.21 6.26 6.60 6.84 

M nO ·o. 1 3  0.21 ·0. 1 8  0.21 ·o.oo ·o.1 2  0.21 

M gO 1 7 .70 1 6 .90 1 6. 8 1  1 7. 1 1 1 6.79 1 6.60 1 6.31 

CoO 21 .33 2 1 .78 21 .26 20.44 21 .24 20.29 21 .38 

No20 0 . 1 7  0.23 ·o. 1 6  0.20 ·o. 1 1  0.26 0.23 

K20 ·o.oo ·o.oo ·o.oo ·o.oo ·o.oo ·o.oo ·o.o4 

NiO ·o.oo ·o.oo ·o.oo ·o.o3 ·o.oo ·o.oo ·o.o3 

Cr203 0.46 0.34 0.24 ·o. 1 6  ·o. 1 6  0.28 0.34 

Totol 99.81 99.76 99.28 99.32 99.36 98.76 1 00.29 

Cltions on the b•i• of 6 oxygena 

Si 1 .9 6 1  1 .9 1 7  1 .949 1 .963 1 .968 1 .926 1 .909 

AI 0.067 0 . 1 30 0.086 0.076 0.077 0.1 1 8  0.123 

Ti  ·o.oo4 0.007 ·o.ooo ·o.oo3 ·o.oo4 0.007 0.009 

Fe 0.1 67 0 . 1 90 0 . 1 90 0 . 1 9 1  0 . 1 9 2  0.206 0.2 1 0  

Mn ·o.oo4 0.006 ·o.oo6 0.006 ·o.ooo "0.004 0.007 

Mg 0.964 0.876 0.924 0.937 0.920 0.920 0.896 

c. 0.836 0.862 0.840 0.806 0.836 0.808 0.843 

No 0.0 1 2  0.0 1 7  ·o.o 1 2  0.0 1 4  ·o.o 1 2  0.018 0.0 1 6  

K ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo2 

Ni ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 

Cr 0.0 1 3  0.010 0.007 ·o.oo4 ·o.oo6 0.008 0.0 1 0  

Totol 3.999 4.014 3.996 3.992 3.983 4.009 4.022 

Mg N" 86.99 82. 1 6  82.94 83.07 82.73 8 1 .78 81 .00 80.61 

En% 49.28 46.41 47.29 48.47 47.23 47.69 46.94 

Fo'l(. 8.03 9.86 9.72 9.88 9.86 1 0.61 10.78 

Wo% 42.69 44.73 42.99 4 1 .66 42.92 4 1 .80 43.28 .·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.··:-:-:-::·.· ·· · I ):,. 
• lndiclteo volue w11 below the detection limit. -

<o ' Meerw W1d atanderd devi•tior. are for core veii.Je8 move detection limit only. 
<o 



Waihohonu Lapilli, Mangamate Tephra 
EMP analyses : clinopyroxene (continued . . .  J 

Si02 

AJ20, 

Ti02 

FeO 

M nO 
M gO 

CoO 

No20 

K20 

NiO 

Cr20, 

Toto! 

62.43 62.78 

1 .36 0.96 

0 . 1 4  0. 1 3  

4.20 3.94 

0 . 1 6  '0. 1 3  

1 7 .28 1 7 .86 

22.77 22.29 

0.26 '0.14 

·o.o1 ·o.oo 

·o.oo ·o.oo 

0.77 0.36 

99.32 96.30 

Cations on the b•i• of 6 oxyger-. 

60.28 

3.62 

0.63 

8.44 

·o.oo 

1 6.93 

1 9.09 

0.27 

·o.oo 

·o.oo 

'0.10 

98.07 

62.42 

1 .2 1  

·o.oo 

4.07 

'0.09 

1 7 .73 

22.31 

0.26 

·o.oo 

·o.oo 

0.79 

98.79 

6 1 .93 

2.24 

0.22 

6.90 

0 . 1 7  

1 8.81 

2 1 .68 

0 . 1 7  

'0.02 

'0.02 

0.21 

99.21 

62.87 

0.96 

0. 1 1  

3.90 

'0.09 

1 7.89 

22.40 

0. 1 8  

·o.oo 

'0.01 

0.81  

98.92 

63.21 

1 .02 

0.09 

3.43 

'0.08 

1 8.36 

2 1 .79 

'0.1 3 

·o.oo 

·o.oo 

0.60 

98.48 

6 1 .07 

1 .98 

0.63 

1 1 . 1 3  

0.27 

1 3.86 

20.36 

0.36 

'0.02 

'0.06 

'0.06 

99.64 

61 .62 

3.01 

0.38 

6.70 

0.21 

1 6.99 

2 1 .46 

0.24 

'0.02 

·o.o6 

'0.12 

99.60 

63.06 

1 .24 

0.12  

3.46 

'0. 1 1  

1 7 .74 

22.80 

0.20 

·o.oo 

'0.03 

0.79 

99.40 

62.70 

1 .60 

0 . 1 6  

6.33 

0.21 

1 8. 1 6  

20.26 

0.1 9 

'0.02 

·o.oo 

0.36 

98.97 

60.83 

2.68 

0.60 

8.39 

0.26 

1 6.42 

2 1 . 1 1 

0.33 

·o.oo 

'0.03 

'0.03 

99.62 

6 1 .98 

1 .69 

0 . 1 9  

4.06 

0 . 1 9  

1 7 .66 

22.24 

'0. 1 7  

·o.oo 

·o.oo 

1 .08 

98.97 

62.73 

1 .26 

0.1 3 

3.60 

0.14 

1 7 .78 

22.81 

'0. 1 6  

·o.oo 

·o.oo 

0.76 

99. 1 8  

63.22 

1 . 1 9  

0. 1 2  

3.86 

'0. 1 4  

1 7.89 

22.86 

0 . 1 7  

·o.oo 

·o.oo 

0.73 

99.81 

62.62 

1 .68 

0 . 1 9  

6.42 

0 . 1 7  

1 7 .30 

2 1 .46 

0 . 1 7  

'0.01 

'0.03 

0.26 

99.14 

6 1 .46 

2.34 

0.26 

6.76 

0 . 1 6  

1 8.113 

2 1 .22 

0.27 

'0.01 

·o.oo 

0.38 

98.76 

62.80 

1 .1 3  

0 . 1 2  

3.68 

'0.09 

1 7 .66 

23.04 

0 . 1 8  

'0.02 

'0.02 

0.84 

99.33 

62.06 62.1 2  

1 .88 1 .86 

0.20 0.22 

4.24 6.69 

0.1 7 0.1 7 

1 7 .29 1 7 .27 

2 1 .72 2 1 .29 

0.21 0.20 

·o.o1 ·o.oo 

'0.07 '0.01 

1 .09 0.24 

98.84 99.07 

Si 1 .937 1 .966 1 .896 1 .942 1 .926 1 .962 1 .961 1 .927 1 .909 1 .947 1 .946 1 .902 1 .923 1 .941 1 .948 1 .948 1 .9 1 7  1 .943 1 .928 1 .933 

AI 0.069 0.041 0.166 0.063 0.098 0.042 0.044 0.088 0.131  0.063 0.069 0.1 1 8  0.073 0.064 0.061 0.069 0 . 1 03 0.049 0.082 0.081 

Ti 0 .004 0.004 0.0 1 6  '0.000 0.008 0.003 0.003 0.0 1 8  0.01 1 0.003 0.004 0.014 0.006 0.003 0.003 0.006 0.007 0.003 0.006 0.006 

Fe 0 . 1 30 0.122 0.266 0 . 1 28 0.1 83 0 . 1 20 0.106 0.36 1 0.207 0.106 0.166 0.262 0 . 1 26 0.1 1 1  0 . 1 1 2  0.168 0 . 1 7 9  0 . 1 09 0 . 1 3 1  0 . 1 7 7  

M n  o.oo6 ·o.oo4 ·o.ooo ·o.oo3 o.oo6 ·o.oo3 ·o.oo2 o.oo9 o.oo1 ·o.oo4 o.oo6 o.oo8 o .006 0.004 ·o.oo4 o.oo6 o.oo6 '0.003 o.oo6 o.oo6 

Mg 0.961 0.987 0.896 0.979 0.929 0.986 1 .008 0.779 0.883 0.97 1 0.999 0.860 0.968 0.976 0.976 0.964 0.940 0.969 0.966 0.866 

c. 0.901 0.886 0.771 0.886 0.866 0.886 0.860 0.823 0.861 0.887 0.801 0.846 0.882 0.900 0.896 0.860 0.847 0.909 0.882 0.846 

No 0.0 1 8  '0.0 1 0  0.020 0.0 1 9  0.0 1 3  0.0 1 3  '0.010 0.026 0.0 1 7  0.014 0.014 0.024 '0.0 1 2  '0.0 1 1 0.0 1 2  0.0 1 2  0.020 0.0 1 3  0.0 1 6  0.0 1 4  

K ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo 

Ni ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.oo2 ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.oo2 ·o.ooo 

Cr 0.023 0.010 '0.003 0.023 0.006 0.0 1 8  0.0 1 7  '0.002 '0.003 0.023 0.01 1 '0.001 0.031 0.022 0.021 0.007 0.0 1 1 0.026 0.032 0.007 

Toto! 4.028 4.006 4.0 1 8  4.027 4.021 4.0 1 8  3.999 4.020 4.0 1 6  4.014 4.0 1 6  4.034 4 .0 1 3  4.01 1 4 .0 1 6  4 .0 1 6  4.029 4 .020 4 .0 1 6  4.024 

Mg N" 87.97 89.00 7 7 .09 88.60 83.64 89. 1 4  90.48 68.94 81 .01 90 . 1 6  86.82 76.66 88.66 89.79 88.70 86.03 84.00 89.89 87.94 84.36 

En'llo 47.98 49.60 46.33 49.20 47.21 49.47 61 .06 39.88 46.49 49. 1 9  60.84 43.70 49.01 48. 1 2  49.1 9  48.38 47.81 48.77 49.02 48.28 

Fe'llo 6.66 6.1 2 1 3.77 6.33 9.30 6.03 6.37 1 7.97 10.66 6.37 8.40 1 3.31 6.33 6.69 6.66 8.62 11 . 1 0  6.49 6.72 8.96 

Wo'llo 46.46 44.38 39.91 44.47 43.60 44.60 43.67 42. 1 4  43.84 46.44 40.76 42.99 44.66 46.29 46.1 6  43.10 43.08 46.76 44.26 42.77 

· lndicatea value w• below the detection limit. 
' Me.,.. Wld atandard deviatiorw •• for core veluee above detection limit only. 
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Waihohonu Lapilli, Mangamate Tephra 
EMP analyses: clinopyroxene ( . . .  continued) 

SiO, 

Al20, 

TiO, 

FeO 

M nO 
M gO 

CoO 

No,o 

K,O 

NiO 

Cr203 

Toto! 

C•tion. 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

c. 

No 

K 

Ni 

Cr 

Toto! 

Mg N" 

En% 

"-" 
Wo% 

• lndic•tea value w• below the detection limit. 
' Me.,. ond atondord deviotione ore for core vol.- obove detection limit only. 

):::.. 
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Oturere Lapilli, Mangamate Tephra 
EMP analyses: clinopyroxene 

sio, 

Al20, 

TiO, 

FeO 

M nO 

M gO 

CoO 

No,O 

K,O 

NiO 

Cr20, 

Totol 

47.71 

8.72 

0.93 

8.67 

'0. 1 4  

1 3.98 

20.60 

0.34 

·o.oo 

·o.oo 

'0. 1 3  

98.76 

61 .84 

2.79 

0.38 

8.83 

0.21 

1 8.43 

20.96 

0.28 

·o.oo 

·o.oo 

'0. 1 1  

99.48 

60.31 

4.36 

0.44 

8.88 

0.20 

1 6.40 

2 1 .62 

0.29 

·o.oo 

'0.03 

0 . 1 9  

99.67 

6 1 . 1 7  62.96 49.38 

2.89 0.8 1 6.36 

0.68 0.22 0.86 

9 . 1 6  8.04 9.02 

·o.oo 0.21 0.1 1 

1 3.92 1 6. 1 2  14.26 

22.06 22.78 20.99 

0.38 0.22 0.32 

·o.oo ·o.o2 ·o.o2 

·o.o4 ·o.oo ·o.o3 

'0.04 '0.08 '0.09 

99.92 1 00.38 100. 1 3  

62.27 

2.30 

0.24 

8.43 

0 . 1 8  

1 7 .09 

2 1 .02 

0.21 

·o.oo 

'0.06 

0.20 

99.92 

61 .69 

2.32 

0.30 

7.91 

0.28 

1 7 .47 

1 9.27 

'0. 1 6  

'0,01 

'0.08 

'0.06 

99. 1 4  

61 .44 

3.19  

0.28 

7.23 

0.20 

1 8.68 

20.60 

·o.oo 

·o.oo 

·o.oo 

·o.oo 

99.42 

60.14 60.38 60.7 1 6 1 .9 1  

4.60 4.44 4.30 2.94 

0.48 0.49 0.48 0.28 

7.39 7.43 7 . 1 2  8.72 

0.22 0.22 '0. 1 3  0 . 1 8  

1 6.33 1 6.78 1 6.76 1 8.61 

21 .38 21 .43 21 .62 2 1 .47 

0.28 0.28 0.32 0 . 1 8  

·o.oo ·o.oo ·o.o1 ·o.oo 

·o.13  ·o.o6 ·o.o1 ·o.oo 

'0. 1 1  '0. 1 2  0 . 1 8  '0. 1 6  

99.78 100.44 1 00.36 1 00.19 

Cations on the b•i• of  6 oxygene 

Si 

AI 

Ti 

Fe 

M n  

Mg 

c. 
No 

K 

Ni 

Cr 

Totol 

Mg N" 

En'l6 

Fa'l6 

Wo'l6 

1 .  797 1 .9 1 3  1 .870 1 .914 1 .983 1 .839 1 .924 1 .9 1 8  1 .907 1 .880 1 .868 1 .888 1 .909 

0.298 0 . 1 22 0 . 1 90 0. 1 1 9 0.036 0.236 0 . 1 00 0 . 1 0 1  0.139 0.201 0 . 1 93 0 . 1 87 0.1 27 

0.028 0.01 1 0.0 1 2  0.0 1 8  0.008 0.0 1 8  0.007 0.008 0.008 0.0 1 3  0.014 0.0 1 3  0.008 

0.270 0.2 1 1  0 . 2 1 4  0.288 0.249 0.281 0 . 1 9 8  0.248 0.224 0.229 0.229 0.2 1 9  0.207 

'0.004 0.007 0.008 '0.000 0.008 0.006 0.006 0.009 0.006 0.007 0.007 '0.004 0.008 

0.786 0.907 0.863 0.778 0.838 0.791 0.938 0.987 0.9 1 8  0.848 0.888 0.886 0.906 

0.827 0.831 0.867 0.883 0.904 0.838 0.828 0.787 0.8 1 4  0.849 0.847 0.849 0.848 

o.o25 o.0 1 9  0.021 o.o28 o .o 1 8  o.o23 o.o 1 6  ·o.o 1 1 ·o.ooo o.o2o o.o2o o.o23 o.o 1 3  

·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.oo1 ·o.oo1 ·o.oo2 ·o.ooo ·o.oo4 ·o.oo1 ·o.oo2 ·o.ooo 

'0.004 '0.003 0.008 '0.001 '0.002 '0.003 0.008 '0.001 '0.000 '0.003 '0.003 0.006 '0.004 

4.028 4.021 4.029 4.020 4 .0 1 7  4.030 4.022 4.0 1 4  4.014 4.027 4.038 4.029 4.021 

74.41 81 . 1 3  79.94 73.07 7 7 .06 73.79 82.67 79.72 80.36 78.74 79.12 79.80 8 1 .38 

4 1 .7 1  48.64 44.33 39.90 42.03 4 1 .41  47.74 48.84 48.88 44.03 44.86 44.76 48.22 

14.36 1 0.83 1 1 . 1 2  1 4 .70 1 2.62 14.71 10.08 1 2.42 1 1 .48 1 1 .89 1 1 .78 1 1 .33 10.67 

43.84 42.84 44.64 46.40 46.46 43.87 42.1 8 38.74 41 .88 44.08 43.67 43.82 43.21 

• lndicatee v-'ue w• below the detection limit. 
1 Me- end atondord deviotiorw ore for core val..- obove detection limit only. 
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Te Rato lapilli, Mangamate Tephra 
EMP analyses: clinopyroxene 

Si02 

Al:z03 

Ti02 

FeO 

M nO 

M gO 

c.o 

N-,o 

K20 

NiO 

Cr:z03 

Tot•l 

6 1 .06 

1 .96 

0.62 

1 0.36 

0.36 

1 4.46 

20.68 

"0.23 

·o.oo 

·o.oo 

"0.08 

99.37 

61 .60 

2.01 

0.61 

9.41 

0.23 

1 6.43 

20.49 

·0.21 

"0.03 

"0.03 

"0.06 

99.69 

62.66 

2.33 

0.24 

6.83 

0.19 

1 6.91 

21 .02 

·o.o6 

·o.oo 

"0.03 

0.43 

99.61 

62.31 

2.1 9 

0.2 1 

6.44 

0.1 8 

1 6.88 

22.07 

"0. 1 6  

"0.01 

·o.o9 

0.61 

99.79 

6 1 .4 1  

2.09 

0.64 

9.61 

·o.oo 

1 6.08 

21 .04 

"0. 1 6  

·o.oo 

·o.oo 

·o.oo 

99.76 

6 1 .21 

2.66 

0 .24 

6.96 

0.26 

1 6.68 

20.70 

"0.1 8 

·o.oo 

"0.01 

·o.oo 

61 .63 

2.1 2  

0.64 

9.80 

0.29 

1 4.86 

2 1 . 1 6  

"0.31 

·o.oo 

"0.01 

·o.oo 

6 1 .33 

2.07 

0.67 

1 0.34 

0.27 

1 4.48 

2 1 .00 

"0.32 

·o.oo 

"0.02 

·o.oo 

97.69 100.29 1 00.06 

6 1 .88 

2.28 

0.62 

7.90 

·o.oo 

1 4 .70 

20.91 

"0.34 

·o.oo 

"0.02 

"0.10 

97.98 

6 1 .00 

3.66 

0.32 

6.26 

·o.oo 

1 6.76 

20.84 

"0.21 

·o.oo 

"0.1 1 

1 .36 

99. 1 7  

Cetiona o n  t he  baie of 6 oxyoerw 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

c. 

N• 

K 

Ni 

Cr 

Toul 

Mg N" 

En% 

Fa% 

Wo% 

1 .823 1 .924 1 .937 1 .924 1 .922 1 .929 1 .9 1 8  1 .9 1 9  1 .943 1 .890 

0.087 0.088 0 . 1 0 1  0.096 0.092 0.1 1 8  0.093 0.091 0.101 0.169 

0.0 1 6  0.014 0.007 0.006 0.0 1 6  0.007 0.0 1 6  0.0 1 6  0.016 0.009 

0.326 0.294 0 . 1 7 9  0 . 1 67 0.300 0.2 1 9  0.306 0.323 0.248 0 . 1 94 

o.o1 1 o.oo7 o.oo6 o.oo5 ·o.ooo o.oo8 o.oo9 o.oo8 ·o.ooo ·o.ooo 

0.8 1 2  0.869 0.927 0.926 0.840 0.880 0.826 0.807 0.824 0.871 

0.834 0.820 0.828 0.870 0.843 0.836 0.844 0.841 0.842 0.828 

"0.0 1 6  "0.016 "0.004 "0.01 1 "0.01 1 "0.0 1 3  "0.022 "0.024 "0.026 "0.0 1 6  

·o.ooo ·o.oo2 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

·o.ooo ·o.oo1 ·o.oo 1 ·o.oo3 ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo3 

·o.oo2 ·o.oo1 o.0 1 3  o.o 1 6  ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo3 o.o4o 

4.008 4.006 3.998 4.008 4.0 1 2  3.997 4.009 4.006 3.973 3.991 

7 1 .36 74.60 83.82 84.72 73.68 80.07 73.01 7 1 .42 76.87 8 1 .78 

4 1 . 1 8 43.64 47.93 47. 1 7  42.36 46.48 4 1 .7 8  40.94 43.06 46.01 

1 6.63 14.90 9.26 8.61 1 6 . 1 3  1 1 .32 1 6.46 1 6.39 1 2.96 1 0.26 

42.28 41 .66 42.81 44.32 42.61 43.20 42.76 42.67 43.99 43.74 

· lndicet• veh.• w• below the detection limit. 
' Me.,.. and atandwd devietiorw •• for core v• ..... .OOve detection limit only. 

20.34 

"0.02 

·o.oo 

·o.oo 

h 
� 
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Pahoka Tephra 
EMP analyses: clinopyroxene 

Si02 49.47 61 .36 60.33 48.36 

AJ,o, 4.66 2.37 4.44 6.07 

Ti02 0.49 0.26 0.66 0.66 

FeO 8.18  4.93 8.07 1 0 .00 

M nO 0.21 '0.1 1 '0. 1 8  '0. 1 8  

M gO 1 6.20 1 6.66 1 4.31 1 3.31 

CoO 20.70 22.03 2 1 .38 20. 1 7  

No,O '0.26 '0.23 0.31 0.36 

K,o '0.01 '0.01 '0.01 ·o.oo 

NiO '0.07 '0.09 '0.06 '0.03 

Cr203 0.1 7 0.66 0.29 '0.10 

Totol 99.07 98. 1 6  99.66 98.9 1 

Catiorw on the b•i• of 8 oxygena 

Si 1 .862 1 .9 1 6  1 .874 1 .826 

AJ 0.206 0.104 0. 1 96 0.270 

Ti 0.014 0.007 0.0 1 6  0.0 1 8  

Fe 0.266 0.1 64 0.261 0.3 1 6  

M n  0.007 '0.003 '0.006 '0.006 

Mg 0.848 0.921 0.794 0.749 

c. 0.830 0.880 0.863 0.8 1 6  

N o  '0.018 '0.0 1 6  0.022 0.026 

K ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

Ni  '0.002 '0.002 '0.002 '0.001 

Cr 0.006 0.0 1 9  0.008 '0.003 

Totol 4.0 1 7  4.001 4.0 1 2  4.021 

Mg N" 76.81 86.67 76.98 70.33 

En% 43.86 47 . 1 1 4 1 .83 39.82 

Fo% 1 3 .24 7.88 1 3.22 1 6.80 

Wo% 42.92 46.01 44.94 43.38 . · · · · · · ·.·.·.·.·.·.·.·.·.· ·.·.·. · ·.·-:-:-;.:-:-:···:·· I )::,. 
· lndic.tes v-'ue w• below the detection limit. 1\) 
' Mearw end atandard deviationa are for core vah ... .t>ove detection limit only. � 



Okupata Tephra 
EMP analyses: clinopyroxene 

SiO, 

AJ,03 

TiO, 

FeO 

M nO 

M gO 

CoO 

No,O 

K,O 

NiO 

Cr203 

Toto! 

6 1 .49 

2.1 7 

0.27 

8.81 

0.18 

1 8.24 

2 1 .47 

0.26 

·o.oo 

"0.06 

0.1 7 

98.84 

60.83 

1 .69 

0.48 

10.36 

0.28 

14.38 

20.64 

0.33 

·o.oo 

"0.03 

"0.03 

98.76 

49.88 

2.31 

0.67 

1 1 .63 

0.29 

1 3.68 

20. 1 9  

0 .44 

"0.01 

·o.oo 

·o.o8 

98.67 

49.92 

2.39 

0.68 

10.48 

0.3 1 

14.04 

20.48 

0.34 

·o.o1 

·o.o2 

·o.o1 

98.61 

60.82 

1 .20 

0.24 

1 1 .86 

0.32 

1 3.89 

2 1 .09 

0.33 

"0.01 

·o.o1 

"0.01 

99.34 

60.96 

1 .66 

0.60 

10.03 

0.37 

1 4.62 

20.84 

0.27 

"0.01 

"0. 1 0  

"0.01 

99.02 

60.69 

1 .67 

0.46 

1 1 .00 

0.31 

14.21 

20. 1 2  

0.37 

·o.oo 

"0 . 1 3  

0.26 

98.98 

49.73 

2.66 

0.82 

1 0.38 

0.29 

1 4.01 

1 9.99 

0.37 

·o.oo 

·o.o6 

·o.o8 

98.03 

60.81 

2.47 

·o.oo 

7.99 

0.26 

1 6.66 

20.28 

0.40 

·o.oo 

·o.oo 

"0.04 

98.68 

60.64 

1 .96 

0.63 

1 0.34 

0.32 

1 4.26 

20. 1 9  

0.38 

·o.oo 

"0.01 

"0.04 

98.61 

60.06 

2.66 

0.83 

1 1 . 1 2  

0.24 

1 3.76 

1 9.90 

0.42 

"0.02 

·o.oo 

·o.o8 

98.78 

Cetiorw on the baia of 8 oxygerw 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

c. 

No 

K 

Ni 

Cr 

Toto! 

Mg NO 
En% 

"-" 
Wo'll> 

1 .924 1 .926 1 .902 1 .906 1 .938 1 .930 1 .927 1 .903 1 .908 1 .926 1 .908 

0.096 0.076 0 . 1 04 0 . 1 08 0.064 0.089 0.071 0.1 1 9  0.1 1 0  0.088 0.1 1 9  

o.oo8 o.o 1 4  o.o 1 1  o.o 1 1  o.oo1 o.o14 o.o 1 3  o.o 1 8  ·o.ooo o.0 1 6  o.0 1 8  

0.206 0.329 0.369 0.334 0.371 0.3 1 8  0.360 0.332 0.262 0.329 0.364 

0.006 0.008 0.009 0.010 0.0 1 0  0.0 1 2  0.0 1 0  0.009 0.008 0.010 0.008 

0.906 0.8 1 6  0.779 0.799 0.777 0.820 0.806 0.789 0.929 0.809 0.780 

0.869 0.841 0.828 0.837 0.881 0.846 0.820 0.820 0.8 1 8  0.824 0.8 1 2  

0.0 1 8  0.024 0.033 0.026 0.024 0.020 0.027 0.027 0.029 0.028 0.031 

·o.ooo ·o.ooo ·o.oo 1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 

·o.oo1 ·o.oo1 ·o.ooo ·o.oo1 ·o.oo2 ·o.oo3 ·o.oo4 ·o.oo2 ·o.ooo ·o.ooo ·o.ooo 

o.oo6 ·o.oo1 ·o.oo2 ·o.oo2 ·o.ooo ·o.ooo o.oo8 ·o.oo2 ·o.oo1 ·o.oo1 ·o.oo2 

4.028 4.032 4.041 4.034 4.040 4.029 4.031 4.027 4.062 4.028 4.028 

8 1 .48 7 1 .24 87 .88 70.49 87.88 72.08 89.70 70.86 78.88 7 1 .09 88.78 

46.94 41 .08 39.42 40.63 38.88 4 1 .33 40.78 40.96 48.47 4 1 .23 40.08 

10.48 1 6.67 1 8.87 1 8.98 1 8.47 1 8 .03 1 7 .72 1 7 .02 1 2.81 1 8.77 1 8 . 1 9  

43.80 42.37 4 1 .90 42.61 42.88 42.84 4 1 .62 42.03 40.92 42.00 4 1 .7 3  

· lndicata value w •  below t he  detection limit. 
' Me•rw end atend•rd devi•tiorw •• for core veh ... .t>ove detection limit only. 

2.01 

10.41 

:h 1\J 
� 



Pourahu Member [tephra unit] [BT1 ], Bullot Formation 
EMP analyses: clinopyroxene 

SiO, 60.04 6 1 .04 60.86 49.84 61 .09 

Al203 2.94 1 .66 2.04 4 . 1 6  2.03 

Ti02 0.73 0.47 0.63 0.77 0.62 

FeO 1 1 .24 9.92 1 1 . 1 9  9.44 1 0.76 

M nO 0.23 0.36 0.30 0.21 0.33 0.41 

M gO 1 3.84 1 4.68 1 4 . 8 1  1 4.23 1 4.48 

CaO 1 9.92 20.67 1 8.06 20.42 20.09 

Na,O 0.20 0.1 7 0.30 0.22 0.16 0 . 1 2  

K,O ·o.oo ·o.o1 ·o.o1 ·o.oo ·o.oo ·o.oo 

NiO ·o.o4 ·o.oo ·o.o3 ·o.o6 ·o.o3 ·o.oo 

Cr20, ·o.o9 ·o.o6 0.14 ·o.o1 0 . 1 6  0 . 1 8  

Total 99. 1 3  98.73 99. 1 1  99.26 99.68 

C •tione on the basi• of 6 oxygene 

Si 1 .897 1 .936 1 .924 1 .873 1 .926 

AJ 0.1 31  0.074 0.091 0 . 1 84 0.090 

Ti 0.021 0.0 1 3  0.0 1 8  0.022 0.0 1 6  

Fe 0.366 0.3 1 6  0.364 0.297 0.339 

Mn 0.007 0.0 1 1 0.0 1 0  0.007 0.0 1 1  

Mg 0.782 0.823 0.824 0.797 0.8 1 2  

C a  0.809 0.836 0.773 0.822 0.8 1 1 

Na 0.014 0.0 1 3  0.022 0.0 1 6  0.0 1 2  

K ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo 

Ni ·o.oo1 ·o.ooo ·o.oo1 ·o.oo2 ·o.oo1 

Cr ·o.oo3 ·o.oo2 0.004 ·o.oo2 0.004 

Total 4.0 1 7  4.0 1 9  4.020 4.0 1 8  4.0 1 9  

Mg N" 68.72 72.32 69.96 72.86 70.66 

En'll> 40.16 4 1 .7 1  42.23 4 1 .60 4 1 .39 

Fa %  1 8.28 1 6.97 1 8. 1 4  1 6.60 1 7 .28 

Wo'll> 41 .66 42.32 39.62 42.90 4 1 .34 

• lndic- value w• below the detection limit. 
' Meerw .net at.nd•d deviatiorw •• for core veh ... ebove detection limit only. 

I 
)::.. 
1\) 
c 
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Pourahu Member [tephra unit] [WS 1 ] ,  Bullot Formation 
EMP analyses: clinopyroxene 

Si02 61 .70 60.79 6 1 .33 6 1 .66 

Al203 1 .49 2.29 1 .86 1 .29 

Ti02 0.48 0.63 0.47 0.34 

FeO 9.69 1 0.76 1 0.48 1 0 . 1 2  

M nO 0.30 0.32 0.34 0.31 

M gO 1 4.66 1 3.90 1 4.44 1 4.27 

CoO 20.79 20.23 20. 1 8  20.61 

No,O 0.1 6 0.34 0.30 0.23 

K,O '0.02 '0.01 ·o.oo ·o.oo 

NiO ·o.oo '0.02 0 . 1 1 ·o.oo 

Cr203 ·o.oo '0.03 '0.03 ·o.oo 

Totol 88.03 99.26 99.49 98.83 

C•tione on the basis of 6 oxygens 

Si 1 .949 1 .921 1 .934 1 .966 

AI 0.066 0.102 0.082 0.068 

Ti 0.0 1 4  0.0 1 8  0.0 1 3  0.0 1 0  

Fe 0.302 0.340 0.330 0.320 

Mn 0.009 0.0 1 0  0.01 1 0.0 1 0  

Mg 0.8 1 8  0.784 0.8 1 1  0.806 

c. 0.840 0.820 0.8 1 6  0.836 

No 0.0 1 1 0.026 0.022 0.0 1 7  

K '0.001 '0.001 ·o.ooo '0.000 

Ni '0.000 '0.001 0.003 ·o.ooo 

Cr ·o.ooo '0.001 '0.00 1 ·o.ooo 

Totol 4.009 4.020 4.021 4.0 1 3  

Mg N' 73.04 69.76 7 1 .08 7 1 .68 

En% 4 1 .73 40.33 4 1 .46 4 1 .08 

fo'J(, 1 6.4 1 1 7 .49 1 6.87 1 6.31 1 7.6 1 

Wo% 42.86 42. 1 8  4 1 .67 42.61 
:-:-:-:-:-:-:-:-:-:-;;;.;;;;;;;;;;;;;::-:-:=:-:-:=:-::-:;:;:·:·:· 

• lndicatea velue w• below the detection limit. 
' Mearw end at.nd•d devi•tione •re for core veh.JM .t>ove detection limit only. 

I ):.. 
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Pourahu Member [tephra unit] [DR1 6] , Bullot Formation 
EMP analyses: clinopyroxene 

s;o. 

Al203 

Ti02 

FeO 

M nO 

M gO 

CoO 

N-.o 

K20 

NiO 

Cr,o, 
Toto! 

6 1 .43 

1 .89 

0.60 

1 0.64 

0.36 

1 3.99 

20.38 

0.34 

·o.oo 

'0.06 

·o.oo 

99. 1 9  

6 1 .48 

1 .79 

0.63 

1 0.40 

0.37 

1 4.3 1 

20.46 

0.32 

·o.oo 

·o.o8 

·o.oo 

99.88 

62.00 

1 .40 

0.38 

1 0.32 

0.31 

1 4 .32 

20.79 

0.30 

·o.oo 

·o.oo 

·o.oo 

99.82 

6 1 .68 

1 .69 

0.48 

1 0.68 

0.29 

1 4.31  

20. 1 7  

0.27 

'0.01 

·o.oo 

·o.oo 

99.28 

6 1 . 1 6  

2 . 1 9 

0.84 

1 0.23 

0.30 

1 4.34 

20.88 

0.32 

·o.oo 

·o.oo 

'0.0 1 

99.86 

6 1 .87 

1 .94 

0.61 

10.88 

0.26 

1 4.69 

1 9.78 

0.36 

·o.oo 

'0.04 

'0.07 

99.98 

62.38 

0.90 

0.36 

1 0.09 

0.34 

1 4 .69 

20.78 

0.28 

·o.oo 

·o.oo 

'0.03 

99.72 

60.36 

4.73 

0.62 

7.86 

0.28 

1 6. 1 7  

20.79 

0.28 

'0.02 

·o.oo 

0. 1 1  

99.86 

61 .30 

3.48 

0.32 

7.64 

0.17 

1 6 .04 

2 1 .46 

0.32 

·o.oo 

'0.03 

0 . 1 8  

99.78 

62.66 

1 .48 

0.23 

9 . 1 7  

0.36 

1 7 .26 

1 8.43 

0 . 1 6  

'0.01 

·o.oo 

'0.03 

99.81 

60.39 

4.06 

0.62 

7 . 1 9  

0.1 3 

1 6.42 

20.81 

0.27 

·o.oo 

0.1 2 

0.39 

99.28 

60.84 

3.82 

0.38 

7.94 

0.22 

1 8.30 

1 8.82 

0.24 

·o.oo 

'0.01 

0.24 

88.40 

6 1 .70 

2.86 

0.32 

7.07 

0.20 

1 6 . 7 1  

2 1 .64 

0.26 

·o.oo 

'0.01 

0 . 1 8  

99.82 

62.23 

0.69 

0.33 

1 0 .04 

0. 1 8  

1 4.48 

2 1 .24 

0.21 

·o.oo 

·o.oo 

·o.oo 

99.30 

C•tions on the b•i• of 6 oxyger-. 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

c. 

No 

K 

Ni 

Cr 

Toto! 

Mg N" 

En% 

Fa% 

Wo% 

1 .944 1 .938 1 .962 1 .948 1 .8 2 1  1 .936 1 .986 1 .888 1 .906 1 .960 1 .878 1 .881  1 .9 1 6  1 .970 

0.076 0.079 0.082 0.071 0.087 0.088 0.040 0.207 0.162 0.086 0 . 1 7 8  0 . 1 69 0 . 1 24 0.026 

0.014 0.0 1 6  0 .0 1 1 0.0 1 4  0.0 1 8  0.0 1 4  0.010 0.0 1 4  0.009 0.006 0.014 0.0 1 1  0.009 0.009 

0.333 0.327 0.324 0.334 0.321 0.340 0 .3 1 7  0.237 0.234 0.286 0.224 0.247 0.2 1 9  0.3 1 7  

0.01 1 0.0 1 2  0.0 1 0  0.009 0.009 0.008 0.0 1 1 0.008 0.006 0.01 1 0.004 0.007 0.006 0.006 

0.788 0.802 0.801 0.806 0.803 0.8 1 4  0.8 1 6  0.838 0.832 0.964 0.867 0.904 0.888 0.8 1 6  

0.824 0.824 0.836 0.8 1 6  0.832 0.793 0.836 0.826 0.863 0.733 0.831 0.782 0.866 0.868 

0.026 0.024 0.022 0.020 0.023 0.026 0.020 0.020 0.023 0.01 1 0.020 0.0 1 8  0 .0 1 8  O.o 1 6  

·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo 1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

·o.oo1 ·o.oo2 ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o .ooo ·o.ooo ·o.oo1 ·o.ooo o.oo4 ·o.ooo ·o.ooo ·o.ooo 

·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo2 ·o.oo1 o.oo3 o.oo6 ·o.oo1 0.0 1 1 o.oo1 o.oo6 ·o.ooo 

4.0 1 4  4.0 1 9  4.0 1 8  4.0 1 6  4.024 4.0 1 6  4.0 1 4  4.022 4.0 1 8  4.0 1 6  4.022 4.028 4 .0 1 9  4.0 1 6  

70.29 7 1 .04 7 1 .20 70.68 7 1 .44 70.64 72.02 77.97 78.06 77.00 79.28 78.64 79.86 72.00 

40.61 4 1 .07 40.86 4 1 . 1 8  4 1 .06 4 1 .8 1  4 1 .48 44.1 1 43.36 48.38 44.82 46.77 44.70 40.96 

1 7. 1 2  1 6.74 1 6.62 1 7 .08 1 8.4 1 1 7.48 1 8. 1 1 1 2.48 1 2 . 1 9  1 4.46 1 1 .72 1 2.78 1 1 .28 1 6.83 

42.37 42. 1 9  42.83 4 1 .74 42.64 40.73 42.43 43.43 44.46 37.1 7 43.46 40.48 44.03 43.1 2  

• lndicet .. v.t...- w• below the detection limit. 
• Mearw and atanderd devi•tiorw •• for core veh ... .t>ove detection limit only. 

):.. 1\) 
� 



Pourahu Member [tephra unit] lOT]. Bullot Formation 
EMP analyses: clinopyroxene 

Si02 52.04 50.92 51 .21 5 1 .33 50.78 50.75 51 .35 

Al20, 1 .69 1 .85 3.44 3.59 4.05 3.92 1 .80 

TiO, 0.48 0.55 0.33 0.4 1 0.45 0.43 0.58 

FeO 10.78 10.20 8.35 7 .34 7.03 7.68 1 1 .51  

M nO 0.37 0.35 0.28 0.22 0.09 0.26 0.26 

MoO 1 4.25 1 3.76 1 5.75 1 5.40 1 5.45 1 5.23 14.1 2 

c.o 20.58 20.39 1 9.96 2 1 .28 2 1 .38 20.35 1 9.83 

Na,o 0.34 0.27 0.27 0.30 0.30 0.34 0.38 

K,O '0.01 '0,01 ·o.oo '0.01 '0.01 ·o.oo ·o.oo 

NiO ·o.oo '0.04 ·o.oo '0.05 ·o.oo ·o.oo ·o.oo 

Cr20, ·o.oo ·o.oo '0.02 0 . 1 6  0.38 '0.05 '0.03 

Total 100.53 98.28 99.59 1 00.01 99.89 98.94 99.80 

Catior. on the basis of 6 oxygens 

Si 1 .943 1 .941 1 .904 1 .899 1 .881 1 .896 1 .935 

AI 0.074 0.083 0 . 1 5 1  0 . 1 56 0.177 0.173 0.080 

Ti 0.0 1 3  0.016 0.009 0 .0 1 1 0.0 1 2  0.0 1 2  0.0 1 6  

Fe 0.337 0.325 0.260 0.227 0.2 1 8  0.239 0.363 

Mn 0.0 1 2  0.0 1 1  0.009 0.007 0.003 0.006 0.008 

Mo 0.793 0.782 0.873 0.850 0.853 0.848 0.793 

c. 0.823 0.832 0.796 0.843 0.848 0.8 14 0.800 

Na 0.026 0.020 0.0 1 9  0.022 0.021 0.024 0.028 

K ·o.ooo '0.001 ·o.ooo '0.000 '0.001 ·o.ooo ·o.ooo 

Ni ·o.ooo '0.001 '0.000 '0.001 ·o.ooo '0.000 '0.000 

Cr '0.000 ·o.ooo '0.001 0.006 0.01 1 '0.002 '0.001 

Total 4.020 4.010 4.020 4.020 4.024 4 .0 1 4  4.023 

Mo N" 70. 1 6  70.84 77.06 78.92 79.66 78.01 68.60 

En% 40.80 40.33 46.28 44.27 44.46 44.61 40.64 

Fa% 1 7 .26 1 8.78 1 3.49 1 1 .8 2  1 1 .38 1 2 .67 1 8.66 

Wo% 42. 1 4  42.91 4 1 .23 43.91 44. 1 9  42.82 40.90 

• lndicet .. v-'ue w• below the detection limit. 
' Me- and otandard deviatior. are for core vah ... above detection limit only. 

·:·:·:·:·:·:·:·;·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:·:····· I ):.. 
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Pourahu Member [ignimbrite unit] [CT]. Bullot Formation 
EMP analyses: clinopyroxene 

SiO, 6 1 .94 61 .90 6 1 .6 1  62. 1 3  61 .86 6 1 .99 60.47 

Al20� 1 .76 1 .26 1 .76 0.70 1 .86 1 .30 2.36 

TiO, 0.49 0.40 0.64 0.22 0.41 0.38 0.66 

FeO 1 1 . 1 9  10.22 1 0.30 9.99 9.77 1 0 . 1 7  1 0.96 

M nO 0.30 0.39 0.24 0.27 0.31 0.31 0.24 

M gO 1 4 .69 14.64 1 4.86 1 6.06 1 6. 1 7  1 4.84 1 4.62 

c.o 1 9.22 20.63 20.62 2 1 .02 20.68 20.63 1 9.92 

Na,O 0.37 0.23 0.32 0.23 0 . 1 9  0 . 1 8  0.26 

K20 '0.02 '0.03 '0.02 ·o.oo '0.01 '0.01 '0.02 

NiO '0.06 ·o.oo '0.06 ·o.oo '0.03 '0.02 ·o.oo 
Cr20, '0.09 '0.04 '0. 1 3  ·o.oo '0. 1 3  ·o.oo '0.06 

Totel 99.86 99.66 1 00.24 99.62 1 00 . 1 2  99.79 99.26 

Cetiorw on the basis of 6 oxygene 

Si 1 .946 1 .960 1 .927 1 .960 1 .932 1 .949 1 .909 

AJ 0.078 0.066 0.078 0.031 0.081 0.068 0.106 

Ti 0.0 1 4  0.01 1 0.0 1 6  0.006 0.0 1 2  0.01 1 0.0 1 6  

Fe 0.360 0.321 0.321 0.314 0.304 0.3 1 9  0.346 

Mn 0.0 1 0  0.0 1 2  0.008 0.009 0.0 1 0  0.0 1 0  0.008 

Mg 0.8 1 6  0.820 0.827 0.843 0.843 0.829 0.8 1 9  

ea 0.7 7 1  0.831 0.826 0.847 0.821 0.829 0.807 

Na 0.027 0.0 1 7  0.023 0.0 1 7  0.014 0.0 1 3  0.0 1 8  

K '0.001 '0.002 '0.001 ·o.ooo ·o.ooo '0.001 '0.001 

Ni '0.001 ·o.ooo '0.002 ·o.ooo '0.001 '0.001 ·o.ooo 
Cr '0.003 '0.001 '0.004 ·o.ooo '0.004 ·o.ooo '0.002 

Total 4.0 1 0  4.0 1 7  4.024 4 .027 4.0 1 7  4.0 1 8  4.028 

Mg N" 69.96 7 1 .87 72.04 72.86 73.60 72.21 70.30 

En% 42. 1 0  41 .68 4 1 .92 42.07 42.84 4 1 .93 4 1 .63 

Fa% 1 8.08 1 6.28 1 6.27 1 6.67 1 6.46 1 6. 1 4  1 7 .66 

Wo% 39.82 42.14 4 1 .81 42.27 4 1 .72 4 1 .93 40.92 

• Indicate. value w• below the detection limit. 
' Me..-. and atendard devi1tion. ere for core values above detection limit only. 

1 00.31 
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Pourahu Member [ ignimbrite unit] [MQ), Bullot Formation 
EMP analyses: clinopyroxene 

Si02 61 .90 60.86 61 .40 6 1 .22 

AJ203 1 .60 2. 1 1  1 .60 2.06 

Ti02 0.46 0.48 0.43 0.62 

FeO 9.72 1 1 .9 1  1 0 . 1 6  1 0 .3 1  

M nO 0.34 0.43 0.33 0.28 

M gO 1 4.41 1 3.74 14.23 14.66 

CoO 20.86 1 9.60 20.73 20.10 

No,O 0.28 0.39 0.26 0.27 

K,O ·o.oo ·o.oo ·o.oo ·o.oo 

NiO "0.02 "0.03 ·o.oo "0.03 

Cr203 0.1 9 "0.03 0.10 "0.01 

Totol 99.74 99.63 99. 1 2  99.40 

C•tions on the basia of 6 oxygens 

Si 1 .946 1 .926 1 .944 1 .928 

AI 0.07 1 0.094 0.067 0.091 

Ti 0.0 1 3  0.0 1 4  0.0 1 2  0.0 1 6  

Fe 0.306 0.377 0.321 0.326 

Mn 0.0 1 1 0.0 1 4  0.01 1 0.009 

Mg 0.806 0.776 0.802 0.823 

Co 0.837 0.796 0.840 0.8 1 1 

No 0.020 0.029 0.019 0.020 

K ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

Ni ·o.ooo "0.00 1 ·o.ooo "0.001 

Cr 0.006 "0.001 0.003 ·o.ooo 

Totol 4.0 1 4  4.026 4.0 1 9  4.022 

Mg N" 72.62 67.30 7 1 .42 7 1 .69 

En% 4 1 .36 39.84 40.86 42.01 

Fo% 1 6.67 1 9.36 1 6.36 1 6.69 

Wo% 42.99 40.81 42.79 4 1 .40 

· lndic•t• velue w• below the detection limit. 
' Me .. .nd .tand•d devi•tiorw •• for core velues llbove detection limit only. 

I ):,. 
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Ngamatea lapilli- 1 , Bullot Formation 
EMP analyses: clinopyroxene 

Si02 

A120, 

Ti02 

FeO 

M nO 

M gO 

c.o 
Na20 

K20 

NiO 

Cr20, 

Tot•l 

61 .90 
2.06 
0.38 

10.00 
0.30 

14.86 
20.1 2  
0.30 
'0.01 
'0.01 
·o.oo 
99.92 

60.62 
1 .84 
0.61 

10.38 
0.28 

1 4.96 
1 9.78 
0.27 
'0.02 
·o.oo 
'0.02 
98.66 

61 .63 61 .73 
1 .79 1 .80 
0.46 0.49 
9.62 10.27 

0.27 0.29 
14.90 14.98 
20.23 20.36 
0.36 0.30 
·o.oo ·o.oo 
·o.o2 ·o.oo 
'0. 1 3  '0.04 
99.23 100.21 

6 1 .79 62. 18  
1 .33 1 .62 
0.41 0.66 

10.34 9.88 
0.38 0.38 

1 4.81 14.90 
20.40 20.63 
0.28 0.26 
'0.01 '0.01 
·o.oo ·o.04 
'0.06 '0.08 
99.76 100. 1 8  

60.94 
2.99 
0.66 
9.08 
0.26 

1 4.93 
20.22 
0.23 
'0.02 
'0.06 
0 . 17 

99.46 

60.33 
3.33 
0.64 
9.47 
0.23 

1 3.88 
21 .20 
0.32 
·o.oo 
·o.oo 
'0.03 
99.29 

Cations on the b•i• of 6 oxygens 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

c. 
Na 
K 

Ni 

Cr 

Total 

Mg N" 

En% 

Fa% 

Wo% 

1 .938 1 .921 1 .939 1 .932 1 .946 1 .944 1 .906 1 .897 
0.091 0.083 0.079 0.079 0.069 0.067 0. 132 0.148 
0.0 1 1  0.0 1 6  0.0 13  0.0 14  0.012 0.0 16  0.0 1 8  0.016 
0.31 2  0.330 0.302 0.321 0.326 0.308 0.284 0.299 
0.009 0.009 0.009 0.009 0.012 0.0 1 2  0.009 0.007 
0.828 0.848 0.834 0.834 0.829 0.827 0.833 0.780 
0.806 0.806 0.814  0.8 14  0.821 0.820 0.810  0.866 
0.022 0.020 0.026 0.022 0.021 0.01 8  0.0 16  0.024 
·o.oo1 ·o.oo 1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo 
·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.oo2 ·o.ooo 
·o.ooo ·o.oo1 ·o.oo4 ·o.oo1 ·o.oo1 ·o.oo2 o.oo6 ·o.oo1 
4.016 4.032 4.014 4.026 4.024 4.0 1 1 4 .0 1 2  4.026 

72.63 7 1 .99 73.42 72.21 7 1 .84 72.86 74.67 72.29 
42.67 42.74 42.77 42.36 4 1 .97 42.30 43.23 40.31 
16.04 16.63 1 6.49 1 6.30 16.46 1 6.76 14 .74 1 6.46 
41 .39 40.63 4 1 .74 4 1 .34 41 .67 4 1 .94 42.03 44.24 

• lndic.tes velue w• below the detection limit. 
' Me.,. .nd ltandwd deviatiotW are for core vah ... .t>ove detection limit only. 

):,. 
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Helwan lapilli, Bullot Formation 
EMP analyses: clinopyroxene 

Si02 

Al20, 

Ti02 

FeO 

M nO 

M gO 

c.o 
N-,o 

K20 
NiO 

Cr203 

Tout 

61 .03 
2.00 
0.81 

10.20 
0.21 

1 4.74 
20.66 
0.34 
·o.oo 
·o.o8 
'0.04 
99.88 

60.96 
1 .88 
0.68 
10.79 
0.48 
14.46 
20.29 
0.33 
'0.01 
'0.02 
'0.02 
99.71 

60.32 
2.27 
0.68 

1 1 .24 

0.24 
14.26 
20.83 
0.30 
·o.oo 
·o.oo 
'0.03 
99.84 

60.72 
2 . 1 2  
0.67 

10.83 
0.24 

1 4.28 
20.47 
0.33 
·o.oo 
·o.oo 
·o.o8 
99.36 

60.69 
2.06 
0.64 
9.98 
0.30 

14.62 
2 1 . 1 8  
0.34 
'0,01 
·o.oo 
'0. 1 1  
99.60 

60.38 
3.46 
0.87 

10.66 
0.23 

1 3.38 
20. 1 6  
0.47 
0.06 
'0.03 
'0.09 

60.88 
2. 1 8  
0.61 

10.27 
0.24 

14.67 
21 .09 
0.34 
·o.oo 
·o.oo 
'0.04 

99.42 100.09 

60.28 
2.68 
0.64 

1 1 .63 
0.38 

13.72 
20.26 
0.47 
·o.oo 
·o.o8 
'0.06 
99.90 

60.82 
2.16 
0.67 

10.80 
0.28 

14.42 
20.34 
0.37 
'0.02 
'0.03 
·o.oo 

61 . 18 
1 .84 
0.66 
1 1 .33 
0.23 
14.24 
20.66 
0.33 
·o.oo 
'0.02 
·o.oo 

6 1 .36 
1 .88 
0.49 

10.78 
0.29 

14.62 
20.64 
0.36 
'0.01 
·o.oo 
'0. 10 

60.69 
2.09 
0.37 

1 1 .76 
0.17 

14.17 
1 9.90 
0.44 
'0,01 
·o.oo 
0.61 

60.49 
3.34 
0.88 

1 0.78 
0.1 6  

1 3.88 
20.1 8  
0.62 
'0.03 
'0.01 
'0. 1 3  

60.66 
2.28 
0.69 
1 1 . 1 3  
0.36 
13.96 
20.88 
0.41 
'0.01 
·o.oo 
·o.oo 

99.66 100.36 100.08 100.08 100.01 100.1 1 

Catiorw on the b•i• of 6 oxygerw 

Si 

AI 

Ti 

Fe 

M n  

M g  

c. 
Ne 
K 

N i 

Cr  

Totel 

M g N" 

En% 

Fe% 

Wo% 

1 .9 18  1 .921 1 .901 1 .9 1 7  1 .909 1 .900 1 .909 1 .898 1 .9 12 1 .922 1 .927 1 .909 1 .893 1 .908 
0.088 0.083 0. 101 0.096 0.091 0.1 63 0.096 0.1 1 8  0.098 0.081 0.074 0.093 0.148 0.101 
0.0 17 0.0 16  0.0 1 7  0.0 1 6  0.0 16 0.0 19 0.0 14 0.0 18 0.018 0.0 16  0.014 0,010 0.0 19 0.0 17 
0.321 0.340 0.366 0.338 0.3 16 0.338 0.322 0.384 0.34 1 0.368 0.338 0.37 1 0.338 0.361 
0.007 0.0 1 6  0.008 0.008 0.010 0.007 0.008 0.0 12 0.009 0.007 0.009 0.006 0.006 0.0 1 1 
0.828 0.8 1 3  0.803 0.804 0.8 17  0.761 0.8 1 6  0.772 0.812 0.797 0.8 18  0.797 0.778 0.784 
0.828 0.820 0.836 0.829 0.868 0.814 0.848 0.8 19  0.823 0.831 0.828 0.806 0.8 1 1  0.843 
0.026 0.024 0.022 0.024 0.026 0.034 0.026 0.036 0.027 0.024 0.028 0.032 0.038 0.030 
·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 o.oo3 ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo 
·o.oo2 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo2 ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo 
·o.oo1 ·o.oo1 ·o.oo1 ·o.oo2 ·o.oo3 ·o.oo3 ·o.oo1 ·o.oo2 ·o.ooo ·o.ooo ·o.oo3 o.0 18  ·o.oo4 ·o.ooo 
4.030 4.032 4.042 4.029 4.038 4.0 17 4.037 4.038 4.036 4.033 4.032 4.040 4.028 4.043 

72.01 70.61 69.34 70.63 72.1 7 69.09 7 1 .68 67.96 70.42 69. 12 70.76 68.24 69.66 89.07 
4 1 .82 4 1 .2 1  40.29 40.83 41 .10 39.61 4 1 .08 39.49 4 1 .09 40. 17 4 1 .27 40.40 40.31 39.64 
18.26 1 7.23 1 7 .81 1 7 .06 16.86 17 .67 1 8.22 18.62 17.28 1 7.94 1 7 .06 1 8.80 1 7 .66 1 7.76 
41 .92 41 .68 41 .90 42. 10 43.08 42.82 42.72 41 .89 41 .86 41 .89 41 .88 40.80 42. 1 3  42.82 

• lndicatn value w• below the detection limit. 
' Me .... - et-erd deYietiona ere for core vel.- ebove detection limit only. 
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Member L 1 7, Bullot Formation 
EMP analyses: clinopyroxene 

Si02 

Al20s 

Ti02 

FeO 

M nO 

MoO 

c.o 

N-,o 

K20 

NiO 

Cr203 

Totol 

49. 13  
4.61 
0.61 
7.66 
0.21 

1 4.74 
2 1 .24 
0.29 
·o.oo 
·o.o1 
·o.o2 
98.39 

60.10 
2.03 
0.62 

1 1 . 17 
0.28 

13.60 
20.43 
0.29 
·o.oo 
·o.o1 
·o.o1 
98.32 

49.81 
2 . 18 
0.63 

1 1 .86 
0.29 

1 3. 17  
20.40 
0.36 

·o.oo 
·o.oo 
·o.o4 
98.60 

49.86 
2.63 
0.63 

1 0.68 
0.28 

1 3.41 
20.31 
0.41 
·o.oo 
·o.o3 
·o.o6 
98.09 

60. 18 
2.03 
0.69 
9.73 
0.29 

14 .09 
20.84 
0.38 
·o.o1 
·o.o3 
·o.o8 
98.10 

48.86 
4 . 1 7  
0.60 
7.37 
·o. 1 1 
1 4.72 
22. 1 9  
0.33 
·o.oo 
·o.o1 
·o.o1 
98.24 

6 1 . 1 2  
1 .46 
0.47 

10.24 

0.30 
14.20 
2 1 .0 1  
0.26 
·o.o2 
·o.oo 
·o.oo 
99.04 

60.83 
3.60 
0.37 
6.68 
0.20 

1 6.67 
2 1 .40 
0.29 
·o.oo 
·o.o6 
0.36 

99.20 

C•tions on the b•i• of 6 oxygerw 

Si 
AI 

Ti 

Fe 

Mn 

Mo 

c. 

No 

K 

Ni 

Cr 

Totol 

Mg N" 

En" 

Fa" 

Wo" 

1 .866 1 .821 1 .8 1 2  1 .9 1 1 1 .9 17 1 .866 1 .938 1 .893 
0.206 0.092 0.099 0.1 1 4  0.09 1 0 . 186 0.066 0. 1 64 
0.0 16  0.016 0.0 16  0.0 1 8  0.0 17 0.014 0.0 1 3  0.0 10 
0.242 0.368 0.38 1 0.342 0.3 1 1  0.234 0.324 0.206 
o.oo1 o.oo9 o.o1o o.oo9 o.oo9 ·o.oo4 o.o1o o.006 
0.830 0.772 0.764 0.766 0.803 0.832 0.802 0.870 
0.869 0.839 0.839 0.834 0.863 0.901 0.863 0.864 
0.021 0.022 0.026 0.030 0.027 0.026 0.0 1 9  0.021 
·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo 
·o.oo2 ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.oo2 
·o.oo1 ·o.ooo ·o.oo1 ·o.oo2 ·o.oo2 ·o.ooo ·o.ooo o.o1o 
4.036 4.028 4.036 4.024 4.028 4 .047 4.024 4.023 

77 .43 68.32 66.43 68.1 3  72.08 78.06 7 1 .23 80.93 
42.88 39.21 38.20 39.44 40.82 42.30 40.63 46. 1 0  
1 2.63 1 8 . 1 8  1 9.30 1 7.61 1 6.81 1 1 .90 1 6.37 10.63 
44.48 42.61 42.60 42.96 43.37 46.81 43. 1 0  44.27 

· lndic•t• value w •  below the detection limit. 
' Mearw and �and•d devi•tiorw are for core Yai�..Je�S 8bove detection limit My. 
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Member L 1 6, Bullot Formation 
EMP analyses: clinopyroxene 

SiO, 61 .38 6 1 .1 1 60.89 
Al20, 1 .88 1 .88 2.36 
TiO, 0.67 0.62 0.48 
FeO 10.02 10.84 10.38 
M nO ·o.oo 0.28 0.22 
M gO 1 4.88 1 3.74 1 4.28 
c.o 20.96 20.30 20.98 
N-,o 0.26 0.33 0.33 
K,O ·o.oo ·o.oo ·o.oo 
NiO ·o.oo ·o.oo ·o.oo 
Cr203 ·o.oo ·o.o6 0.20 

61 .88 
2.00 
0.66 
9.69 
0.29 

1 6.36 
20.24 
0.36 
"0.02 
"0.07 
"0.01 

Tot•l 99.76 98.81 1 00.08 100.04 

C•tions on the b- of 8 oxygens 

Si 1 .927 1 .942 1 .9 1 1  1 .926 
AI 0.087 0.076 0.104 0.088 
Ti 0.0 18  0.016 0.014 0.016 
Fe 0.3 14 0.346 0.326 0.299 
Mn ·o.ooo 0.009 0.007 0.009 
Mg 0.820 0.778 0.799 0.863 
c. 0.842 0.827 0.843 0.809 
N• 0.018 0.024 0.024 0.026 
K ·o.ooo ·o.ooo ·o.ooo ·o.oo 1 
Ni ·o.ooo ·o.ooo ·o.ooo ·o.oo2 
Cr ·o.ooo "0.001 0.008 ·o.ooo 
Tot•l 4.024 4.016 4.033 4.024 
Mg N" 72.31 89.28 7 1 .09 74.06 
En% 4 1 .60 39.90 40.82 43.60 
Fa% 16.89 17 .89 1 8.62 1 6.26 
Wo% 42.81 42.41 42.88 41 .26 

· lndicat• Y.,ue WM below the detection limit. 
' Me- ..-.d et..-.d•d deviations •e for core vel.- ebove detection limit only. 

I )::.. 
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Shawcroft Tephra, Bullot Formation 
EMP analyses: clinopyroxene (continulld ... ) 

sio, 

AJ,O, 

TiO, 

FeO 

M nO 

M gO 

CoO 

No,O 

K,O 

NiO 

Cr20� 

Totol 

50. 14 
3.88 
0.42 
8.87 
0.20 
14.52 
20.54 
0.38 
·o.oo 
·o.oo 
·o. 1o 
98.71 

51 .29 
1 .58 
0.39 

10.79 
0.28 

1 4.47 
20.29 
0.34 
·o.oo 
"0.02 
·o.oo 
99.41 

50.77 
3.88 
0.28 
8.98 
"0. 1 8  
1 5.83 
2 1 . 1 8  
0.28 
·o.oo 
"0.01 
0.30 

99.25 

49.98 
3.79 
0.44 
9.90 
0.20 

1 4.01 
1 9.88 
0.44 
"0.01 
·o.o1 
·o. 15 
98.82 

51 . 1 1 
1 .88 
0.39 

1 1 .03 
0.27 

1 3.97 
1 9.88 
0.36 

"0.01 
"0.04 
·o.oo 
98.86 

60.93 
1 .55 
0.39 

10.31 
0.27 

1 4.46 
20.31 
0.31 
"0.02 
·o.oo 
·o.oo 
98.61 

60.68 
2.60 
0.60 

10.95 
0.29 

14 . 13 
1 9.39 
0.39 
·o.oo 
"0.01 
"0. 1 3  
98.70 

49.37 
3.86 
0.58 

10.80 
0.24 

1 3.78 
1 9.78 
0.43 
·o.oo 
"0.04 
"0.14 
98.40 

60.89 
3.55 
0.42 
8.41 
0.22 

1 4.89 
20.49 
0.34 
·o.oo 
"0.04 
·o.oe 
99.00 

50.03 
3.98 
0.48 
9.07 
0.20 
14.25 
20. 1 8  
0.48 
·o.oo 
·o.o8 
0. 17 

98.78 

50.81 
2.33 
0.25 

1 1 .72 
0.27 

14.07 
1 9.45 
0.38 
·o.oo 
·o.oo 
·o.oe 
99.27 

50.62 
2.43 
0.29 

1 1 .07 
0.33 

1 3.88 
20. 1 7  
0.35 
·o.oo 
·o.oo 
0 . 18 

99.01 

51 .35 
1 .53 
0.33 

10.32 
0.28 

14 .58 
20.82 
0.21 
"0.01 
·o.oo 
·o.oo 
99.39 

50.74 
2.38 
0.53 
10.72 
0.30 
14.00 
1 9.39 
0.45 
"0.01 
·o.oo 
·o.o7 
98.51 

60.47 
3.10 
0.41 

10.09 
0.29 

1 3.88 
20.69 
0.41 
·o.o1 
·o.o5 
·o.o8 
99.22 

60.36 
3 . 14 
0.24 
8.84 
0.28 

1 4.36 
20.1 8  
0.34 
·o.oo 
·o.o1 
0.28 

98.98 

62.1 4  
1 .81 
0.1 8  
5.04 
0.08 

1 7 .76 
20.87 
0. 18 
·o.oo 
·o.oo 
0.60 

98.85 

60.81 
1 .88 
0.58 
8.08 
0.26 
1 6.06 
20. 1 7  
0.30 
"0.02 
·o.o5 
·o.o2 
98.28 

60.55 51 .01 
2.27 2.30 
0.83 0.48 

10.43 10.01 
0.21 0.24 

14 .08 1 6.06 
1 8.38 18.27 
0.45 0.24 
·o.oo ·o.oo 
·o.oo ·o.oo 
0.1 2  "0.02 

88.13 88.81 

C•tiorw on the bats of 6 oxygerw 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

Co 

No 

K 

Ni 

Cr 

Toto! 

Mg N" 

En% 

Fo% 

Wo% 

1 .891 1 .937 1 .888 1 .890 1 .943 1 .938 1 .9 1 9  1 .881 1 .900 1 .887 1 .826 1 .920 1 .938 1 .928 1 .904 1 .903 1 .934 1 .929 1 .928 1 .928 
0.1 83 0.070 0 . 170 0.169 0.083 0.089 0.1 1 2  0.1 84 0.157 0.177 0.104 0.109 0.088 0.108 0.138 0.140 0.083 0.089 0.102 0.102 
0.012 0.01 1 0.007 0.013 0.0 1 1  0.01 1 0.0 1 4  0.0 18 0.012 0.013 0.007 0.008 0.009 0.0 15 0.012 0.007 0.006 0.0 1 8  0.0 1 9  0.0 14  
0.280 0.341 0.2 1 7  0.3 13  0.361 0.328 0.347 0.338 0.284 0.288 0.371 0.352 0.328 0.341 0.318 0.31 1 0.158 0.287 0.333 0.3 18  

o.ooe o.oo8 ·o.ooe o.oo1 o.oo9 o.oo9 o.oo9 o.oo8 0.001 o.ooe o.oo9 0.01 1 o.oo8 o.o 1o o.oo9 o.oo8 o.oo2 o.oo8 0.001 o.oo8 
0.818 0.8 1 5  0.888 0.790 0.792 0.820 0.800 0.783 0.832 0.801 0.796 0.776 0.8 19  0.793 0.781 0.808 0.881 0.860 0.801 0.848 
0.830 0.821 0.844 0.808 0.801 0.828 0.789 0.808 0.823 0.8 15 0.789 0.821 0.842 0.790 0.932 0.8 1 7  0.829 0.8 1 9  0.793 0.781 
0.028 0.025 0.0 1 9  0.032 0.028 0.023 0.029 0.032 0.024 0.034 0.028 0.028 0.016 0.033 0.030 0.026 0.0 13 0.022 0.033 0.0 1 8  
·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.oo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo 
·o.ooo ·o.oo1 ·o.ooo ·o.oo2 ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.oo2 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.oo2 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo 
·o.oo3 ·o.ooo o.oo9 ·o.oo4 ·o.ooo ·o.ooo ·o.oo4 ·o.oo4 ·o.oo2 o.oo5 ·o.oo2 o.oo5 ·o.ooo ·o.oo2 ·o.oo3 o.oo8 o.o15 ·o.oo1 o.oo4 ·o.ooo 

4.024 4.028 4.020 4.020 4.0 1 8  4.028 4.0 1 9  4.030 4.0 19 4.024 4.028 4.027 4.026 4.0 1 8  4.024 4.027 4.0 18 4.020 4.0 19 4.0 1 8  

74.45 70.60 79.98 7 1 .62 89.28 7 1 .43 88.76 69.86 75.91 73.69 88. 18 68.77 7 1 .53 89.83 7 1 .08 72.21 88.28 74.76 70.83 72.86 
42.37 41 .22 44.94 4 1 .38 40.74 4 1 .60 4 1 .32 40.69 43.38 42. 1 1  40.68 39.78 4 1 .22 4 1 .22 40.45 4 1 .74 49.90 43.46 4 1 .67 43.80 
14.64 17 .26 1 1 .26 1 8.40 1 8.08 1 8.60 1 7 .92 1 7.62 1 3.78 16.04 1 8.99 1 8.07 1 6.41 1 7 .72 1 8.47 1 8.08 7.113 1 4.67 1 7.29 1 6.26 

43.08 4 1 .63 43.80 42.22 4 1 .20 4 1 .90 40.76 4 1 .89 42.89 42.85 40.38 42.16 42.38 4 1 .06 43.08 42.20 42.1 7  41 .87 4 1 . 1 6  40. 16 

• lndicot• volue w •  bel ow  t he  detection limit. 
' Meerw end atanderd devi.c:iona •• for core values ebove detection limit only. 
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Shawcroft Tephra, Bullot Formation 
EMP analyses: clinopyroxene ( ... continued) 

Si02 

A120, 

TiO, 

FeO 

M nO 

MoO 

CaO 

Na,o 

K,O 

NiO 

Cr203 

Totol 

Catione 

Si 

AI 
Ti 

Fe 

Mn 

Mo 

Ca 

Na 

K 

Ni 

Cr 

Total 

Mg N" 

En% 

Fs% 

Wo% 

• lndicatea value w• below the detection limit. 
t Me.,. end atend•d deviatiOf'W •• for core values above detection limit only. 
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Rotoaira lapilli 
EMP analyses: clinopyroxene 

s;o. 

AJ.o, 

Ti02 

FeO 

M nO 

M gO 

c.o 

N-.o 

K20 
NiO 

Cr20, 

Tot.t 

60.81 
1 .74 
0.43 
1 1 .86 

0.28 
13.87 
1 9.81 
0.29 
·o.oo 
'0.04 
'0. 1 1 
98.87 

62. 1 6  
2.71 
0.21 
6.80 
'0. 1 4  
1 8.82 
21 .04 
0. 1 8  
·o.oo 
'0.01 
0.38 

99.27 

Cations on the b•i• of 8 oxygerw 

6 1 .29 
1 .64 
0.34 

1 1 .67 
0.40 

14 .07 
20. 1 4  
0.34 
·o.oo 
'0.08 
'0.01 
99.69 

6 1 .83 
2.88 
0.38 
6.73 
0.21 

1 7 .38 
1 9.94 
0.24 
·o.oo 
'0.08 
0.82 

98.99 

61 .37 
1 .88 
0.32 
9.34 
0.28 

16 . 19  
20. 1 0  
0. 1 7  
'0.02 
·o.oo 
'0.08 
98.82 

60.88 
1 .66 
0.36 

1 1 .64 
0.38 
1 3.98 
1 9.91 
0.30 
·o.oo 
'0.01 
·o.oo 
98.90 

6 1 . 1 3  
2.23 
0.60 
1 1 . 1 3  
0.26 

1 4.06 
20.02 
0.28 
'0.01 
·o.oo 
'0.09 
99.68 

60.88 
1 .88 
0.43 
10.96 
0.38 
14.22 
1 9.70 
0.32 
'0.02 
'0.01 
'0.06 
98.47 

61 .22 
1 .96 
0.38 

10.22 
0.31 

1 4.81 
20.20 
0.24 
·o.oo 
'0.03 
'0.04 
99.12 

60.98 
1 .96 
0.33 

10. 19 

0.33 
1 4.78 
1 9.98 
0.28 
'0.02 
·o.oo 
'0.03 
98.80 

61 .04 63.22 
1 .94 1 .48 
0.33 '0.04 
9.88 4.82 

0.28 0.21 
14 .92 1 8.69 
20. 12  20.74 
0.32 0.22 
·o.oo ·o.oo 
·o.o2 ·o.oo 
'0.04 0.78 
98.69 100.06 

62.04 
1 .68 
0.17 
7 .47 
0.24 

1 8.46 
1 9.98 
0.23 
·o.oo 
·o.oo 
0. 18 

98.31 

61 .03 
2.04 
0.38 
9.78 
0.28 

1 6.07 
20.33 
0.28 
·o.oo 
'0,06 
'0.07 
99.14 

Si 1 .929 1 .924 1 .939 1 .9 1 7  1 .939 1 .939 1 .927 1 .931 1 .933 1 .930 1 .933 1 .942 1 .963 1 .923 
AI 0.078 0.1 1 8  0.089 0.1 1 7  0.083 0.070 0.099 0.084 0.087 0.087 0.087 0.083 0.070 0.090 
Ti 0.012 0.008 0.010 0.010 0.009 0.010 0.0 14  0.0 1 2  0.01 1 0.009 0.009 '0.001 0.006 0.01 1 
Fe 0.378 0.179 0.388 0.177 0.296 0.388 0.361 0.349 0.323 0.323 0.308 0.147 0.234 0.308 
Mn 0.009 '0.004 0 .0 1 3  0.007 0.009 0.0 12 0.008 0.01 1 0.010 0.0 1 1  0.008 0.007 0.008 0.009 
Mg 0.788 0.926 0.793 0.968 0.866 0.794 0.789 0.808 0.822 0.833 0.842 1 .0 1 2  0.920 0.848 
c. 0.809 0.832 0.8 18  0.790 0.8 1 3  0.81 3  0.808 0.804 0.8 17  0.81 1 0.8 1 8  0.8 1 1 0.802 0.821 
N• 0.022 0.0 1 3  0.026 0.0 17 0.0 1 2  0.022 0.0 18  0.023 0.0 17 0.021 0.023 0.0 16  0.016 0.0 19 

K ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo 
Ni ·o.oo1 ·o.ooo ·o.028 ·o.oo2 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 
er ·o.oo3 0.01 1 ·o.oo3 0.0 18 ·o.oo2 ·o.ooo ·o.oo3 ·o.oo2 ·o.oo1 ·o.oo1 ·o.oo1 0.022 o.oo6 ·o.oo2 
Tot.t 4.026 4.008 4.031 4 .0 1 1  4 .0 1 6  4.028 4.0 16  4.022 4.020 4.026 4 .024 4.020 4 .0 1 3  4.027 

Mg N" 87.68 83.79 68.42 84.41 74.36 68.33 69.21 89.84 7 1 .79 72.08 73.34 87.32 79.72 73.31 
En'l6 39.90 47.78 40.1 6  49.77 43.68 40.20 40.60 4 1 .20 41 .90 42.36 42.87 6 1 .37 47.03 42.84 
f's'j(, 19 . 14 9.26 1 8.63 9 . 19 1 6.03 1 8.63 1 8.02 1 7.80 1 8.46 1 6.42 1 6.68 7.48 1 1 .96 1 6.69 
Wo'l6 40.98 42.98 4 1 .32 4 1 .04 4 1 .42 4 1 . 1 6  4 1 .48 4 1 .00 41 .64 4 1 .23 4 1 .66 4 1 . 1 7  4 1 .00 4 1 .67 

· lndic.tea velue w• befow the detection limit. 
t Meerw end atandard deviatiorw •• for core vah•• ebove detection limit only. 
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Member LS, Bullot Formation 
EMP analyses: clinopyroxene 

SiO, 60.79 60.94 61 .70 

AJ20, 1 .96 2.02 2.22 
TiO, 0.68 0.60 0.68 
FeO 10.21 1 1 . 1 7  9.66 
M nO 0.29 0.26 0.23 
M gO 1 4.08 1 3.67 1 4.78 
CoO 21 .30 2 1 .08 21 .04 
No,O 0.29 0.23 0.32 
K,O ·o.oo ·o.oo ·o.oo 

NiO '0.08 '0.01 ·o.oo 

Cr,o, '0.1 1 ·o.oo ·o.oo 

Total 99.48 99.76 100.39 

Catiorw on the basia of 8 oxygene 

Si 1 .9 17 1 .926 1 .924 
AI 0.087 0.090 0.097 
Ti 0.0 18  0.0 1 4  0.0 1 8  
Fe 0.322 0.363 0.297 
Mn 0.009 0.008 0.007 
Mg 0.791 0.784 0.820 
eo 0.881 0.863 0.839 
No 0.021 0.0 1 7  0.023 
K ·o.ooo ·o.ooo ·o.ooo 

Ni '0.002 ·o.ooo ·o.ooo 

Cr '0.003 '0.000 '0.000 
Totol 4 .024 4.024 4.023 
Mg N" 7 1 .07 88.40 73.41 
En% 40.07 38.78 41 .92 
Fe% 1 8.31 1 7 .92 16 . 18 
Wo% 43.82 43.30 42.89 

• lndicotoo volue woo bel- the detoction limit. 

6 1 .7 1  61 .80 61 .78 
1 .80 1 .32 1 .90 
0.48 0.64 0.48 
9.71 10.38 9.70 
0.30 0.26 0.26 

1 4.88 1 6.38 1 4.9 1 
2 1 . 1 7  1 9.98 1 9.90 
0.27 0.26 0.30 

·o.oo ·o.oo ·o.oo 

·o.oo 0.22 '0.01 
'0.03 '0.06 '0.08 

100.29 100.09 99.21 

1 .929 1 .938 1 .943 
0.079 0.068 0.084 
0.0 1 3  0.0 16 0.014 
0.303 0.326 0.304 
0.009 0.008 0.008 
0.828 0.868 0.834 
0.848 0.801 0.800 
0.020 0.0 1 8  0.022 

·o.ooo '0.000 '0.000 
·o.ooo 0.007 ·o.ooo 

'0.001 '0.001 '0.002 
4.027 4.028 4.009 

73.21 72.48 73.29 
4 1 .88 43. 1 9  43.03 
1 6.33 18 .40 16.89 
42.711 40.41 4 1 .28 

• Mearw .nd atandwd deviatiCMW •• for core v�uea 8bove detection limit only. 
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Member L 7b, Bullot Formation 
EMP analyses: clinopyroxene 

SiO, 

Al203 
TiO, 

FeO 

M nO 

M gO 

c.o 

No,O 

K,O 

NiO 

Cr20, 
Tote! 

6 1 .49 
2.28 
0.33 
9.67 
0.22 

16 .02 
20.27 
0.24 
·o.oo 
'0.02 
'0.03 
99.42 

61 .94 
2.83 
0.26 
6.19 
0. 10 

1 6.71 
21 .78 
0.29 
'0.01 
'0.01 
0.86 

99.96 

49.83 
2.22 
0.48 
8.70 
0.20 

14 .31 
20.68 
0.32 
'0.01 
·o.oo 
0.66 

97 . 19 

6 1 .77 
1 .61 
0.43 
9 . 14 

0.31 
14.91 
2 1 .07 
0.32 
'0.01 
'0.04 
·o.oo 
99.46 

60.48 
3 . 10 
0.46 
9.4 1 
0.31 

1 4.86 
20.32 
0.33 
'0.02 
·o.oo 
0. 1 7  

99.22 

61 .66 
1 .66 
0.61 

1 0.37 
0.26 
1 4.38 
1 9.99 
0.34 
'0.01 
'0.02 
'0.07 
99. 16  

61 .49 
2.09 
0.47 
8.62 
0.24 

1 6.24 
20.87 
0.28 
·o.oo 
'0.09 
'0.07 
99.28 

6 1 .36 
2.14 
0.62 
9.70 
0.26 

14.82 
20.41 
0.29 

·o.oo 
'0.03 
0. 12 

99.60 

61 .39 
3.10 
0.26 
6.26 
0.16 

1 6.42 
20.93 
0.27 

'0.02 
·o.oo 
0.69 

99.38 

6 1 .4 1  
1 .70 
0.60 
8.97 
0.24 

1 6. 1 6  
20.86 
0.26 
·o.oo 
'0.06 
'0.02 
99.10 

61 .40 
2. 1 1  
0.61 
9.46 
0.27 

14 .66 
20.60 
0.33 
·o.oo 
'0.02 
'0.04 
99.42 

6 1 .76 
1 .77 
0.46 
9.79 
0.26 
1 6. 1 3  
20.46 
0.28 
·o.oo 
'0.01 
'0.07 
99.90 

61 .36 
1 .90 
0.62 
9.02 
0.23 

16.16 
20.83 
0.26 
'0.01 
·o.oo 
'0.06 
99.24 

Catiorw on the b•i• of 6 oxygene 

Si 
AI 
Ti 

Fe 

Mn 

Mg 

c. 

No 

K 

Ni 

Cr 

Totol 

Mg N" 

En" 

Fe" 

Wo" 

1 .930 1 .909 1 .9 16 1 .943 1 .900 1 .947 1 .927 1 .926 1 .904 1 .933 1 .929 1 .934 1 .928 
0. 101 0 . 123 0.100 0.067 0.1 37 0.074 0.092 0.094 0.136 0.076 0.093 0.078 0.084 
0.009 0.007 0.014 0.0 1 2  0.0 1 3  0.0 14  0.0 1 3  0.0 16 0.007 0 .0 14 0.017 0.0 1 3  0.0 16 
0.300 0.169 0.279 0.287 0.296 0.327 0.270 0.304 0.194 0.282 0.297 0.306 0.283 
0.007 0.003 0 .007 0.010 0.0 10 0.008 0.008 0.008 0.006 0.008 0.009 0.008 0.007 
0.839 0.9 16 0.820 0.834 0.822 0.808 0.860 0.829 0.907 0.860 0.820 0.843 0.848 
0.8 14  0.868 0.848 0.847 0.820 0.807 0.837 0.820 0.831 0.840 0.829 0.81 9  0.838 
0.0 18 0.021 0.024 0.023 0.024 0.024 0.020 0.021 0.0 1 9  0.0 1 9  0.024 0.020 0.0 18 
·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo 
·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.oo3 ·o.oo1 ·o.ooo ·o.oo2 ·o.ooo ·o.ooo ·o.ooo 
'0.001 0.026 0.017 '0.000 0.006 '0.002 '0.002 0.004 0.0 17  '0.001 '0.001 '0.002 '0.002 
4.0 18 4.021 4 .024 4.023 4.027 4.009 4.0 1 7  4.021 4.021 4.021 4.0 18  4.021 4.021 

73.66 86.21 74.61 74.40 73.62 7 1 . 1 9  76.89 73. 1 7  82.38 76.09 73.41 73.37 74.98 
42.96 47.39 42. 12 42.38 42.4 1 4 1 .61 43.43 42.46 46.96 43. 10 42.14 42.84 43.07 
1 6.36 8.23 1 4.33 1 4.68 1 6.27 1 8.84 1 3.80 16.67 10.04 1 4.30 1 6.26 1 6.66 1 4.37 
4 1 .68 44.39 43.66 43.04 42.31 4 1 .66 42.77 41 .99 43.01 42.60 42.60 41 .62 42.66 

• lndicatea value w• below the detection limit. 
' Me .. *'ld .tend•d deviation. •e for core v•h ... llbove detection limit only. 

2.09 
0.66 
9.48 
0.30 
14.76 
20.46 

):,. 
1\,) 
1\,) 
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Member L6 (pink lapilli), Bullot Formation 
EMP analyses: clinopyroxene 

SiO, 

Al203 
TiO, 

FeO 

M nO 

M gO 

c.o 
Na,O 

K,O 

NiO 

Cr20, 

Tot•l 

60.98 
2.31 
0.68 

10 . 16 
0.23 

1 4.33 
2 1 . 1 7  
0.33 
'0.02 
·o.oo 
'0.06 

100.06 

60.80 
2.92 
0.66 
10.38 
0.28 

1 3.76 
20.88 
0.36 
'0.03 
·o.oo 
'0.09 
99.79 

C•tio,... on the b•i• of 6 oxyge01 

61 .28 
1 .9 1  
0.61 

1 1 .73 
0.28 

1 3.78 
1 9.88 
0.46 
'0.01 

61 .86 
1 .87 
0.48 
9.07 
0.28 

1 6.48 
21 .28 
0.21 
·o.oo 

6 1 .79 
1 .62 
0.36 

1 1 .27 
0.1 9 

14 .40 
1 9.97 
0.43 

'0.00 

6 1 .41 
1 .83 
0.40 
1 1 .82 
0.44 

1 3.73 
20.33 
0.41 
'0.01 

·o.o2 ·o.oo ·o.o6 ·o.o1 
'0.01 '0. 13 0.29 '0.01 
99.79 100.31 100.20 1 00.18 

60.01 
3.1 1 
0.78 

10.31 
0.28 

1 3.72 
2 1 .24 
0.23 
·o.oo 
·o.o8 
·o.08 
99.66 

61 .27 
2.01 
0.28 
9.83 
0.32 

1 3.83 
2 1 .94 
0.39 
·o.oo 

6 1 .71 
1 .72 
0.68 
9.36 
0.28 

1 4.83 
21 .64 
0.34 
·o.oo 

60.82 
2.08 
0.48 

1 2.71 
0.31 
1 3.1 2 
1 9.99 
0.47 
'0.03 

·o.oo ·o.oo ·o.o2 
·o.o9 ·o.oo o.28 
99.87 100.12 100.21 

Si 1 .9 1 2  1 .908 1 .936 1 .920 1 .942 1 .937 1 .886 1 .827 1 .832 1 .822 
AI 0.102 0.1 28 0.086 0.082 0.087 0.072 0.1 38 0.088 0.078 0.082 
Ti 0.0 1 8  0.0 1 8  0.0 1 4  0.014 0.010 0.01 1 0.022 0.008 0.018 0.0 1 3  
Fe 0.3 1 9  0.326 0.370 0.282 0.363 0.373 0.326 0.308 0.282 0.402 

Mn 0.007 0.009 0.009 0.008 0.006 0.014 0.008 0.010 0.008 0.0 10 
Mg 0.801 0.770 0.776 0.868 0.806 0.77 1  0.771 0.776 0.8 16 0.738 
c. 0.860 0.832 0.803 0.848 0.802 0.821 0.868 0.883 0.862 0.810  
N• 0.024 0.026 0.033 0.016 0.031 0.030 0.0 1 7  0.028 0.024 0.034 

K ·o.oo1 ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo2 
Ni ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo ·o.oo2 ·o.ooo ·o.ooo ·o.oo1 
er ·o.oo2 ·o.oo3 ·o.ooo ·o.oo4 o.oo8 ·o.ooo ·o.oo2 ·o.oo3 ·o.ooo o.oo8 
Toto! 4.031 4.01 7 4.024 4.027 4.026 4.029 4.026 4.028 4.026 4.031 

Mg N" 

En% 

�% 

Wo% 

7 1 .62 
40.66 
1 6. 1 8  
43. 1 6  

70.32 
39.88 
1 6.87 
43. 18 

67.89 
38.78 
1 8.99 
4 1 .22 

· lndic.tea value w• below t he  detection limit. 

76.28 
43. 1 8  
14 . 19 
42.88 

68.62 
4 1 .07 
1 8.01 
40.92 

67.40 
38.24 
1 8.88 
4 1 .78 

' Me- ond atonderd deviationo ere for core vol..o obove detection limit only. 

70.36 
38.48 
1 8.83 
43.81 

7 1 .48 
39.40 
1 6.71 
44.88 

73.82 
41 .39 
14.83 
43.78 

64.77 
37.88 
20.60 
4 1 .62 

72.68 
4 1 .34 
1 6.62 
43.04 

)::.. 
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Member L4, Bullot Formation 
EMP analyses: clinopyroxene 

Si02 

AJzOs 

Ti02 

FeO 

M nO 

M gO 

CoO 

No,O 

K20 
NiO 

Cr203 

Totol 

61 .62 
1 .44 
0.44 

1 1 .22 
0.36 

14.26 
20.86 
0.33 
·o.oo 
'0.06 
·o.oo 

100.42 

6 1 .73 
1 .26 
0.34 
10.20 
0.30 
14.86 
20.67 
0.26 
·o.oo 
'0.02 
'0.01 
99.66 

60.94 
2.36 
0.60 
9.64 
0.29 

14.69 
21 .32 
0.28 
·o.oo 
·o.oo 
'0.09 
99.92 

6 1 .01 
2.09 
0.66 
9.48 

0.33 
14.60 
21 .47 
0.28 
'0.00 
·o.oo 
'0.08 
99.81 

62.39 
1 .74 
0 . 17 
7.79 
0.31 

1 7 .46 
1 8.49 
0.24 
'0.01 
'0.04 
0.42 

99.00 

61 .37 
1 .74 
0.47 
9.18 
0.21 

1 6. 1 1  
2 1 .06 
0.28 
'0.01 
·o.oo 
'0. 1 2  
99.42 

60.62 
2.67 
0.60 
9.61 
0.36 

14.33 
21 .40 
0.29 
·o.oo 
·o.oo 
'0.06 
99.66 

6 1 . 1 9  
2.00 
0.61 
9.62 
0.27 

14.69 
21 .26 
0.26 
·o.oo 
·o.oo 
'0.06 
99.69 

61 . 17 
2.00 
0.66 
9.40 
0.36 

14.83 
2 1 .07 
0.29 

'0.01 
·o.oo 
0.14 

99.79 

61 .22 
1 .80 
0.49 
9.69 
0.26 

1 4.86 
2 1 .01 
0.24 
·o.oo 
'0.03 
'0.00 
99.46 

60.79 
4.1 8 
0.29 
6.43 
0.18 

1 6.94 
1 9.84 
0.22 
·o.oo 
·o.oo 
0.31 

99. 1 8  

60.97 
2. 13 
0.68 
9.43 
0.26 

1 4.68 
2 1 .34 
0.28 
·o.oo 
'0.03 
'0.07 
99.66 

49.91 
2.61 
0.60 

10.27 
0.34 

14.09 
2 1 .00 
0.33 
'0.01 
·o.oo 
'0.01 
99.16 

Catiorw on the baia of 6 oxygerw 

Si 

AI 

Tl 

Fe 

Mn 

Mg 

c. 
No 

K 
Ni 

Cr 

Toto! 

Mg N" 

En% 

Fe% 

Wo% 

1 .933 1 .944 1 .906 1 .9 14 1 .947 1 .928 1 .900 1 .921 1 .9 1 9  1 .927 1 .881 1 .9 14 1 .896 
0.064 0.067 0.104 0.092 0.076 0.077 0.1 1 8  0.086 0.088 0.080 0.1 82 0.094 0.1 1 7  
0.0 1 2  0.010 0.0 17 0,016 0.006 0.013 0.0 1 7  0.014 0.016 0.014 0.008 0,016 0.0 1 7  
0.362 0.320 0.302 0.297 0.242 0.288 0.299 0.299 0.296 0.302 0.199 0.296 0.326 
0.01 1 0.010 0.009 0.0 1 1  0.010 0.007 0.0 1 1  0.009 0.01 1 0.008 0.006 0.008 0.0 1 1  
0.798 0.933 0.816 0.8 1 7  0.967 0.846 0.803 0.822 0.829 0.833 0.936 0.822 0.797 
0.839 0.833 0.866 0.883 0.738 0.847 0.883 0.866 0.847 0.847 0.787 0.868 0.864 
0.024 0.020 0.020 0.020 0.017 0.020 0.021 0.0 19 0.021 0.0 17 0.0 1 8  0.021 0.024 
·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 
·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo 
·o.ooo ·o.ooo ·o.oo3 ·o.oo2 0.012 ·o.oo3 ·o.oo1 ·o.oo2 o.o04 ·o.ooo o.oo9 ·o.oo2 ·o.ooo 
4.033 4.027 4.029 4.029 4.0 12 4.026 4.032 4.027 4.030 4.028 4.023 4.029 4.041 

69.39 72.26 72.98 73.34 79.98 74.68 72.87 73.33 73.76 73.39 82.46 73.62 70.97 
40.1 2  41 .94 41 .31 41 .33 49.72 42.88 40.87 41 .80 42.08 42.03 48.87 41 .60 40.31 
17 .70 1 8.1 1 1 6.31 1 6.02 1 2.44 1 4.66 1 6.22 16.13 14.97 1 6.24 10.38 14.98 1 8.49 
42. 1 8  41 .94 43.39 43.86 37.84 42.78 43.92 43.27 42.97 42.73 40.97 43.42 43.20 

· lndicatea v.tue w• below the detection limit. 
' Me.,. and atend«d devi.tiorw •• for core v.tues ebove detection limit only. 

)::.. 
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Member l3 (hokey pokey lapill i ),  Bullot Formation 
EMP analyses : clinopyroxene 

Si02 

Al20, 

Ti02 

FeO 

M nO 
M gO 

c.o 
N-,O 

K20 

NiO 

Cr20, 

Tot•l 

61 .43 
1 .7 1  
0.60 

10.03 
0.33 

14 . 19 
2 1 . 1 0  
0.31 
"0.01 
·o.oo 
·o.oo 
99.60 

61 .79 6 1 .87 62.60 

1 .7 1  3.83 3.01 
0.64 0.38 0.22 

8.91 6.94 6.33 

0.23 '0. 1 2  0.20 
1 6.84 17 .31 1 8. 1 6  
20.71 20. 1 3  1 9.42 
0.24 0.30 0.36 
'0.02 '0.01 '0.01 
·o.oo ·o.oo ·o.oo 
'0.08 0.64 0.88 
99.96 100.40 100.07 

6 1 .06 
3.77 
0.43 
8.37 
'0. 1 3  
1 6.27 
2 1 .02 
0.27 
·o.oo 
'0. 10 
0.47 

99.66 

62.68 62.60 
1 .39 2.86 
0.41 0.24 
6.93 6.24 
0.28 0 . 16 
1 7.62 1 6.97 
20.36 20.69 
0 . 16 0.29 
·o.oo ·o.o1 
'0.02 '0.06 
0.16 0.20 

99.74 100.03 

61 .63 
1 .69 
0.68 

10.14 
0.31 

14 .42 
20.73 
0.32 
·o.oo 
·o.oo 
'0. 13 
99.81 

62.14 
2.68 
0.31 
6.49 
'0. 1 3  
1 6.32 
2 1 .46 
0.32 
·o.oo 
'0.06 
·o.oo 
99.61 

62.1 3 62.47 61 .10 61 .43 63.23 
3.30 2.78 4.62 3.81 1 .78 
0.31 0.23 0.49 0.46 0.23 
6.34 6.04 6.23 6.99 6.02 
'0.04 0 . 16 0.21 '0. 10 0 . 18 
1 8.68 1 7 .44 1 6.08 1 6.33 1 7 .86 
1 7 .86 2 1 .43 2 1 .1 1 20.72 21 .26 
0.28 0.28 0.43 0.34 0.22 
·o.oo ·o.oo ·o.oo ·o.o1 ·o.o2 
'0.04 '0. 1 1 '0.08 '0.09 '0.07 
0.84 0.61 '0.10 0.43 0.38 

99.74 100.43 100. 17 100.60 100.14 

Catiorw on t he  basi• of 6 oxygena 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

c. 
N• 
K 

Ni 

Cr 

Tot-' 

Mg N' 

En% 

Fe %  

Wo% 

1 .936 1 .928 1 .891 1 .9 14  1 .886 1 .941 1 .926 1 .936 1 .926 1 .906 1 .9 13  1 .876 1 .886 1 .942 
0.076 0.076 0. 164 0.1 30 0. 164 0.061 0 . 123 0.076 0.1 1 2  0 . 142 0 . 120 0.196 0.1 66 0.076 
0.014 0.0 1 6  0.010 0.006 0.0 1 2  0.01 1 0.007 0.0 16 0.009 0.009 0.006 0.0 13 0.0 12  0.006 
0.3 16 0.277 0.1 8 1  0.162 0 . 197 0.2 14  0. 191 0.318 0.201 0.1 94 0 . 164 0.191 0.21 4  0 . 163 

0.0 1 1 0.007 '0.004 0.006 '0.004 0.009 0.006 0.010 '0.004 '0.001 0.006 0.006 '0.003 0.006 
0.796 0.879 0.941 0.987 0.896 0.966 0.927 0.806 0.898 1 .0 1 8  0.948 0.880 0.892 0.97 1 
0.861 0.826 0.786 0.769 0.832 0.806 0.809 0.833 0.849 0.699 0.837 0.830 0.8 14 0.831 
0.023 0.0 1 7  0.021 0.026 0.0 1 9  0.0 1 1 0.020 0.023 0.023 0.020 0.020 0.030 0.024 0.0 1 6  
·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 
·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo3 ·o.oo1 ·o.oo1 ·o.ooo ·o.oo2 ·o.oo1 ·o.oo3 ·o.oo2 ·o.oo3 ·o.oo2 
·o.ooo ·o.oo2 o.0 19  o.026 o.o14 o.004 o.oo6 ·o.004 ·o.ooo o.o24 o.0 18 ·o.oo3 0.0 1 2  0.0 1 1  
4.023 4.024 4.0 13 4 .0 14  4.0 1 8  4.021 4.0 13 4.0 17 4.0 17 4 .01 1 4.021 4.020 4.0 18  4.0 1 1 

7 1 .68 76.04 83.87 86.80 81 .88 8 1 .86 82.82 7 1 .7 1  8 1 .7 1  83.88 86.03 82.1 7 80.66 86.38 
40.66 44.36 48.32 61 .73 46.62 48.64 48.1 1 4 1 . 1 8  46.10 63.27 48.89 46.28 48.48 48.87 
1 6. 10 1 3.88 8.48 8.48 10.24 10.78 8.81 1 8.26 10.32 10. 16 7.84 10.06 1 1 . 1 6  7.83 
43.36 4 1 .88  4 1 . 1 8  38.78 43.24 40.67 4 1 .88 42.67 43.68 36.68 43. 1 7  43.86 42.40 42.61 

· lndic8t• vlllue w• below the detection limit. 
' Me .. .net stiiOd•d deviatiorw ere for core vllluea .t>ove detection limit My. 

h 
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Member L 1 (green ash), Bullot Formation 
EMP analyses: clinopyroxene 

Si02 60.83 6 1 .26 61 .31 63.72 61 .42 
AJ20, 3.03 3.23 2.40 1 .89 1 .66 
Ti02 0.70 0.37 0.70 0.21 0.61 
FeO 10 . 12 6.69 9.67 6.38 9.61 
M nO 0.26 0 . 16 0.24 0 . 1 7  0.36 
M gO 1 3.86 1 6. 1 1 1 4.96 1 8 .20 1 4.98 
CoO 20.61 2 1 . 1 7  20. 1 3  20.02 20.49 
N120 0.36 0.32 0.38 0.23 0.28 
K20 'O.ol ·o.oo ·o.oo ·o.oo '0.03 
NiO ·o.oo '0.06 '0.06 '0.06 '0.03 
Cr203 '0.09 0.39 '0.01 0.37 ·o.oo 

Toto! 99.76 99.60 99.78 100. 18 99.1 9 

Cations on the basie of 6 oxygerw 

Si 1 .907 1 .899 1 .9 1 8  1 .963 1 .936 
AI 0.134 0.141 0 . 106 0.081 0.073 
Ti 0.020 0.010 0.020 0.006 0.014 
Fe 0.3 18  0.204 0.302 0.164 0.300 
Mn 0.008 0.006 0.008 0 .006 0.01 1 
Mg 0.774 0.890 0.833 0.987 0.841 
C1 0.829 0.840 0.606 0.780 0.827 
NI 0.026 0.023 0.027 0.016 0.020 
K ·o.ooo ·o.ooo '0.000 ·o.ooo '0.001 
Ni '0.000 '0.002 '0.002 '0.002 '0.001 
Cr '0.003 0.01 1 '0.000 0.0 1 1 '0.000 
Totol 4 .0 16  4.023 4.020 4.003 4.022 
Mg N' 70.88 8 1 .36 73.39 86.76 73.71 
En% 40.29 46.02 42.112 6 1 .1 1  42.73 
Fe% 1 6.66 10.66 1 6.66 8.49 1 6.24 
Wo% 43. 1 6  43.43 4 1 .62 40.39 42.02 

' lndicoteo voluo w• below the detection limit. 
• Me.,.. end et.-xlerd deviatiorw •• for core vllluea above detection limit only. 

·:·:·:.:·:·:·:·:·:·; ·:·:·:·:.-·· ·  I ):. 
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Member Tf1 4, Tufa Trig Formation 
EMP analyses : orthopyroxene 

SiO, 

AJ,o, 
TiO, 

FeO 

M nO 

M gO 

c.o 
N•,O 

K,O 

NiO 

Cr203 
Totol 

60.77 
1 .6 7  
0.34 

22.36 

0.66 
20.86 
1 .86 
"0.04 
·o.oo 
·o.o9 
"0. 1 0  
98.29 

63.08 
1 . 1 2  
0.22 

1 6.91 
0.39 

26. 1 1 
1 .76 
·o.oo 
·o.oo 
·o.o1 
·o.o7 
98.68 

Catione on the b•i• of 6 oxygens 

63.94 
2.31 
0 . 10 
9.69 
0.21 

29.86 
2.1 2 
·o.o6 
·o.oo 
·o.oo 
0.29 

98.42 

63.41 
1 .38 
0. 14 

1 4.36 
0.30 

27.16 
1 .66 
·o.o4 
·o.o3 
·o.o4 
·o.o9 
98.37 

61 .87 
1 .03 
0.39 

20.28 
0.47 

22. 17  
2.06 
·o.o1 
·o.o1 
·o.oo 
·o.oo 
98.27 

6 1 .76 
1 . 1 4  
0.36 

1 9.94 
0.38 

22.74 
1 .93 
·o.oo 
·o.oo 
·o.o2 
·o.o8 
98.26 

63.39 
1 .68 
0.1 6 

1 1 .73 
0.26 

28.61 
1 .94 
·o.oo 
·o.o1 
·o.o9 
0.27 

98.02 

62.09 
1 .70 
0 . 14 

1 9.68 
0.33 

23.32 
1 .64 
·o.o1 
·o.oo 
"0.07 
0.30 

99.00 

63.72 
1 .38 
0.13 

1 3.82 
0.27 

27.86 
1 .60 
·o.o6 
·o.oo 
·o.oo 
·o.oo 
98.78 

63.86 
1 .3 1  
0.13 

1 3.67 
0.31 

27.76 
1 .66 
"0.02 
·o.oo 
·o.o1 
·o.o1 
98.66 

Si 1 .937 1 .964 1 .932 1 .962 1 .960 1 .961 1 .940 1 .942 1 .962 1 .968 
AI 0.071 0.048 0.097 0.060 0.046 0.060 0.072 0.076 0.069 0.066 
Ti 0.010 0.006 0.003 0.004 0.0 1 1 0.010 0.004 0.004 0.004 0.003 
Fe 0.7 13 0.490 0.287 0.439 0.641 0.629 0.366 0.6 1 1  0.420 0.4 1 3  
M n  0.0 1 8  0.0 12 0.006 0.009 0.0 16 0.0 12 0.008 0.01 1 0.008 0.009 
Mg 1 . 1 86 1 .433 1 .696 1 .4 79 1 .249 1 .278 1 .660 1 .296 1 .609 1 .604 
c. 0.076 0.070 0.081 0.064 0.083 0.078 0.078 0.061 0.062 0.064 
No ·o.oo3 ·o.ooo ·o.oo4 ·o.003 ·o.oo1 ·o.ooo ·o.ooo ·o.oo5 ·o.oo3 ·o.oo1 

K ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 
Ni ·o.oo3 ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.oo3 ·o.oo2 ·o.ooo ·o.ooo 
er ·o.oo3 ·o.oo2 o.oo9 ·o.oo2 ·o.ooo ·o.oo2 o.oo8 o.oo9 ·o.ooo ·o.oo2 
Toto! 4.0 1 1  4.0 13 4.009 4.007 4.006 4.008 4.014 4.009 4.014 4.007 
Mg N" 62.46 74.62 84.76 77.1 1 66.08 67.02 81 .32 67.96 78.23 78.46 
En% 60.06 71 .90 81 .26 74.62 83.30 84.38 78.20 66.86 76.79 76.112 
Fe% 38. 1 0  24.69 14.62 22.1 6 32.49 31 .69 1 7.98 3 1 .06 2 1 .09 20.86 
Wo% 3.86 3.61 4.1 3 3.23 4.21 3.93 3.83 3. 10 3.1 1 3.23 

• lndicoteo volue weo below the detection limit. 
' Me.,. end etend•d deviatiorw ere for core values above detection limit only. 

)::.. 
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Member Tf8, Tufa Trig Formation 
EMP analyses:  orthopyroxene 

SiO, 

AI,O, 

Ti02 

FeO 

M nO 
M gO 

CoO 

No,O 

K,O 

NiO 

Cr20, 

Totol 

6 1 .78 
1 . 1 2  
0.29 

20.70 
0.51 

22.06 
1 .60 
·o.oo 
·o.oo 
·o.o7 
·o.o5 
98.06 

52.27 
0.90 
0.09 

20.1 6  
0.41 

22.89 
1 .61 
·o.oo 
·o.o2 
·o.oo 
·o.o2 
98.22 

52.01 
1 . 1 3  
0.38 

1 9.69 
0.41 

22.86 
1 .93 

·o.o2 
·o.oo 
·o.o2 
·o.oo 
96.39 

62.66 
1 .26 
0.26 

1 8.44 
0.39 

24.20 
1 .7 1  

·o.o1 
·o.oo 
·o.o3 
·o.os 
98.80 

61 .43 
1 .64 
0.29 

2 1 . 1 8  
0.49 

2 1 .89 
1 .68 
·o.o6 
·o.oo 
·o.oo 
·o.o8 
98.49 

62.92 
1 .69 
0.27 
1 6.43 
0.30 

26.37 
1 .62 
·o.o7 
·o.oo 
·o.o2 
·o. 1 1  
98.48 

62.94 
2.48 
0.21 

1 2.56 
0.23 

28.21 
1 .44 
·o.o5 
·o.oo 
·o.oo 
·o.oo 
98.06 

6 1 .77 
1 . 1 8  
0.33 

2 1 . 1 3  
0.42 

22.08 
1 .80 

·o.o4 
·o.oo 
·o.o2 
·o.1o 
98.73 

62.61 
1 .26 
0.32 

1 9.21 
0.42 

23.10 
1 .82 
·o.1o 
·o.o1 
·o.oo 
0.18 

98.82 

62.22 
1 .1 9  
0.28 

1 9.1 1 
0.33 

23.35 
1 .73 
·o.o6 
·o.o1 
·o.os 
·o.o6 
98.20 

62.74 
1 .22 
0.22 

1 6.70 
0.34 

25.20 
1 .77 

·o.D1 
·o.o2 
·o.o9 
·o.o5 
98. 1 8  

63.88 
1 .86 
0. 12 

12 .99 
0.25 

27.76 
1 .51 
·o.o3 
·o.o1 
·o.o7 
0.26 

98.61 

6 1 .77 
1 .06 
0.28 

20.28 
0.36 

22.65 
1 .82 

·o.o2 
·o.oo 
·o.o3 
·o.o8 
98.21 

61 .62 
1 . 1 4  
0.36 

20.82 
0.60 

21 .87 
1 .87 
·o.o4 
·o.o1 
·o.o5 
·o.oo 
98. 1 8  

C•tiorw o n  t he  b•i• of 6 oxygens 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

Co 

No 

K 

Ni 

Cr 

Totol 

Mg N" 

En% 

Fo'l' 

Wo'l' 

1 .961 1 .970 1 .966 1 .953 1 .944 1 .942 1 .926 1 .961 1 .959 1 .968 1 .966 1 .961 1 .964 1 .966 
0.060 0.040 0.060 0.056 0.069 0.073 0.106 0.063 0.066 0.063 0.063 0.079 0.047 0.061 
0.008 0.003 0.01 1 0.007 0.008 0.007 0.006 0.009 0.009 0.008 0.006 0.003 0.008 0.010 
0.666 0.635 0.6 1 9  0.673 0.669 0.473 0.382 0.666 0.599 0.699 0.5 18  0.394 0.640 0.660 
0 .0 16 0.0 13  0.0 1 3  0.0 1 2  0.0 16  0.009 0.007 0.014 0.013 0.010 0.0 1 1 0.008 0.0 1 2  0.0 16  
1 .246 1 .286 1 .281 1 .341 1 .233 1 .442 1 .630 1 .241 1 .286 1 .305 1 .393 1 .499 1 .276 1 .236 
0 .065 0.061 0.078 0.068 0.068 0.060 0.066 0.073 0.073 0.069 0.070 0.069 0.074 0.076 
·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.004 ·o.oo5 ·o.oo3 ·o.oo3 ·o.oo7 ·o.oo4 ·o.oo1 ·o.oo2 ·o.oo1 ·o.003 

·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.oo1 
·o.oo2 ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.oo3 ·o.oo2 ·o.oo1 ·o.oo2 
·o.oo2 ·o.oo1 ·o.ooo ·o.oo2 ·o.oo2 ·o.oo3 ·o.ooo ·o.oo3 o.oo5 ·o.oo2 ·o.oo1 o.oo1 ·o.oo3 ·o.ooo 
4.000 4.008 4.008 4.009 4.007 4.006 4.0 1 3  4.007 3.998 4.002 4.007 4 .000 4.010 4.006 

66.63 66.94 67.42 70.06 64.83 76.30 80.02 65.08 88.21 68.64 72.89 79.19 88.58 86. 19  
83.36 84.88 84.76 67.68 82.59 73.01 77.74 82.88 86.66 88. 14 70.32 76.79 84.10 82.88 
33.33 32.04 31 .29 28.91 33.98 23.96 1 9.41 33.64 30.61 30.36 26. 16 20.1 8  32. 18  33.47 
3.31 3.08 3.94 3.43 3.46 3.04 2.86 3.89 3.73 3.60 3.63 3.02 3.72 3.86 

• lrdicot• volue w• below the detection limit. 
1 Me- erd oterd•d deviotione •• for core voluee .t>ove detection limit only. 

h 
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Member Tf5, Tufa Trig Formation 
EMP analyses: orthopyroxene 

SiO, 

AJ,o, 
TiO, 

FeO 

M nO 

M gO 

c.o 

No,O 

K,O 

NiO 

Cr20, 

Tot.t 

63.03 
2.33 
0.16 

1 3.49 
0.27 

27.60 
1 .87 
'0.03 
·o.oo 
'0.02 
0.49 

99.1 3 

62.66 
0.93 
'0.06 
1 9.06 
0.37 

23.60 
1 .63 
'0.02 
·o.oo 
·o.oo 
'0. 14 
98.03 

C1tions on the bnis of 6 oxygena 

63.77 
1 .60 
0. 16 

-1 2.77 
0.31 

28.09 
1 .43 

'0.02 
·o.oo 
'0.02 
'0. 12 
98. 12 

63.98 
1 .34 
0.14 

1 2.34 
0.27 

28.68 
1 .68 
'0.04 
'0.01 
'0.02 
'0.10 
96.33 

63.68 
1 .8 1  
0 . 16 

1 2.94 
0.28 

28. 1 2  
1 .64 
'0.06 
·o.oo 
'0.04 
'0. 1 0  
88.32 

63.43 
1 .83 
0.1 3  

1 2.86 
0.28 

28.31 
1 .61 
'0.03 
'0.01 
'0.09 
0.28 

98.62 

6 1 .97 
0.94 
0.21 

20.74 
0.61 

22.66 
1 .7 1  
'0.07 
·o.oo 
·o.oo 
'0.06 
98.63 

62.94 
1 .36 
0.23 
14.28 
0.37 

27.46 
1 .62 
·o.oo 
'O.Q1 
'0.10 
'0.09 
98.26 

62.86 
1 .46 
0.20 

1 6.46 
0.34 

26. 1 3  
1 .48 

·o.oo 
·o.oo 
·o.oo 
'0.03 
98.91 

63.82 
1 .64 
0.1 1 

1 2.22 
0.29 

28.76 
1 .6 1  
·o.oo 
·o.oo 
·o.oo 
'0. 1 1 
98.24 

63.49 
0.76 
0.09 

1 6.69 
0.36 

26. 1 6  
1 .66 

'0.03 
·o.oo 
·o.oo 
'0. 1 3  
98.20 

63.06 
2.01 
0.18 

1 3.73 
0.29 

27.66 
1 .64 

'0.08 
'0.02 
'0.09 
'0. 1 2  
98.36 

62.26 
0.92 
0.26 

1 8.73 
0.41 

23.63 
1 .84 

·o.oo 
'0.01 
·o.o8 
·o.oo 
98.01 

63.93 
1 .92 
0. 1 8  

1 1 .68 
0.29 

29.00 
1 .37 
·o.oo 
·o.oo 
·o.oo 
'0. 1 2  
98.26 

Si 1 .922 1 .970 1 .964 1 .966 1 .949 1 .936 1 .968 1 .940 1 .943 1 .960 1 .971 1 .933 1 .962 1 .946 
AI 0.100 0.04 1 0.068 0.067 0.069 0.078 0.042 0.068 0.063 0.066 0.033 0.086 0.041 0.082 
Ti 0.004 '0.002 0 .004 0.004 0.004 0.003 0.006 0.006 0.006 0.003 0.002 0.006 0.007 0.004 
Fe 0.409 0.697 0.388 0.374 0.393 0.389 0.663 0.438 0.606 0.370 0.483 0.4 1 8  0.688 0.349 
Mn 0.008 0.0 12 0 .009 0.008 0.009 0.008 0.0 16 0.0 1 1  0.01 1 0.009 0.01 1 0.009 0.0 13 0.009 

Mg 1 .486 1 .3 1 9  1 .622 1 .643 1 .622 1 .630 1 .267 1 .600 1 .432 1 .663 1 .437 1 .496 1 .323 1 .660 
c. 0.073 0.061 0.066 0.066 0.060 0.069 0.069 0.064 0.068 0.069 0.066 0.060 0.074 0.063 
N• ·o.oo2 ·o.oo1 ·o.oo1 ·o.oo3 ·o.oo4 ·o.oo2 ·o.oo6 ·o.ooo ·o.ooo ·o.ooo ·o.oo2 ·o.oo6 ·o.ooo ·o.ooo 

K ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo 
Ni ·o.oo1 ·o.ooo ·o.oo1 ·o.oo1 ·o.oo1 ·o.oo3 ·o.ooo ·o.oo3 ·o.ooo ·o.ooo ·o.ooo ·o.oo3 ·o.oo2 ·o.ooo 
er 0.0 14 ·o.oo4 ·o.oo3 ·o.oo3 ·o.003 0.008 ·o.oo1 ·o.oo2 ·o.oo1 ·o.oo3 '0.004 '0.004 ·o.ooo ·o.oo3 
Tot.t 4.0 16 4.000 4 .001 4.006 4.006 4.01 1 4.0 1 1  4.017 4.019 4 .0 10 4.002 4.007 4.008 4.003 

Mg N' 78.42 68.84 79 .69 80.49 79.48 79.73 66.99 77.40 73.89 80.76 74.84 78. 16 68.23 8 1 .72 
En% 76.61 86.72 77.42 77.86 77.08 77.36 83.70 74.93 7 1 .74 78.36 72.39 76.79 86.86 79.61 
"-" 20.78 30.20 1 9.74 18 .87 1 9.80 1 9.87 32.83 21 .88 26.36 1 8.87 24.33 2 1 . 18  29.62 1 7 .79 
Wo% 3.7 1 3.09 2 .86 3.28 3.04 2.98 3.47 3.20 2.91 2.98 3.27 3.04 3.73 2.70 

· tndic•tes v-'ue w• below the detection limit. 
' Me .. end atendwd deviatiorw •• for core valuee albove detection limit. only. 

:b 
1\) 
1\) 
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Member Tf1 ,  Tufa Trig Formation 
EMP analyses: o rthopyroxene 

Si02 

Al20, 

Ti02 

FeO 

M nO 

M gO 

CoO 

No,O 

K20 

NiO 

Cr20, 

Toto! 

52.03 
1 .25 
0.33 

21 .69 
0.46 

22.1 2 
1 .78 
"0.03 
"0.02 
"0.02 
·o.oo 
99.64 

52.64 
0.73 
0.27 

2 1 . 14 
0.52 

22.46 
1 .78 
·o.oo 
"0.02 
·o.o5 
"0.01 
99.55 

5234 
0�7 
on 

21 .1 1 
0� 

22�6 
1 35 

�� 

53.74 
0.51 
0.21 

1 9.66 
0.53 

23.96 
1 .39 

"0.02 

62A7 
1 . 1 5  
on 

2 1.9 
OA2 

22.17 
1 30 

�m 
·o.o1 ·o.oo ·o.o1 
·o.oo ·o.o2 ·o.o5 
·o.o1 ·o.oo ·o.oo 
99.32 100.00 100.23 

52.88 
1 .64 
0.26 

1 8.58 
0.34 

24.32 
1 .87 
"0.04 
·o.oo 
"0.04 
·o.o5 
99.87 

53.15 
0.90 
0.27 

18.41 
0.51 

24.61 
1 .64 

"0.01 

51 .69 
1 .43 
0.28 

22.71 
0.48 

21 .82 
1 .58 
0.07 

·o.oo ·o.oo 
·o.o6 ·o.o1 
·o.o3 ·o.o2 
89.50 100.19 

53.09 
0.71 
0.22 

20.85 
0.49 

22.85 
1 .43 

"0.02 

52.64 
1 . 1 7  
0.34 

20.52 
0.48 

23.35 
1 .57 

·o.o1 
·o.o2 ·o.oo 
·o.o9 ·o.o2 
·o.oo ·o.oo 
99.83 1 00.07 

53.12 
0.55 
0.24 

1 8.21 
0.36 

24.46 
1 .65 

·o.o2 
·o.oo 
·o.o5 
·o.oo 
89.59 

52.68 
1 .42 
0.23 

1 8.47 

0.40 
23.60 
1 .80 
0.21 

52. 13 
1 .68 
0.39 

20.70 
0.44 

22.97 
1 .70 
·o.o1 

·o.oo ·o.oo 
·o.o8 ·o.o9 
·o.o4 ·o.oo 
99.82 1 00.03 

Cations on the b .. ie of 6 oxygerw 

Si 

AI 
Ti 

Fe 

Mn 

Mg 

c. 
No 

K 

Ni 

Cr 

Totol 

Mg N" 

En" 

Fa" 
Wo" 

1 .949 1 .967 1 .975 1 .980 1 .953 1 .944 1 .960 1 .835 1 .972 1 .950 1 .964 1 .948 1 .835 
0.055 0.032 0.025 0.022 0.051 0.07 1 0.039 0.063 0.031 0.051 0.024 0.062 0.074 
0.009 0.008 0.008 0.006 0.009 0.007 0.007 0.006 0.006 0.009 0.007 0.006 0.0 1 1  
0.679 0.661 0.661 0.606 0.684 0.57 1 0.568 0.7 1 1  0.651 0.636 0.594 0.602 0.643 
0.0 15 0.017 0.0 16  0.0 1 7  0.0 13 0.01 1 0.016 0.016 0.015 0.0 1 5  0.01 1 0.0 13  0.014 
1 .235 1 .261 1 .248 1 .3 16 1 .230 1 .332 1 .353 1 .223 1 .271 1 .280 1 .348 1 .301 1 .271 
0.07 1 0.071 0.070 0.055 0.068 0.074 0.065 0.064 0.057 0.062 0.065 0.071 0.068 
·o.oo2 ·o.ooo ·o.ooo ·o.oo1 ·o.oo2 ·o.oo3 ·o.oo1 o.oo5 ·o.oo2 ·o.ooo ·o.oo1 o.o15 ·o.ooo 
·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo 
·o.oo1 ·o.oo2 ·o.ooo ·o.oo1 ·o.oo1 ·o.oo1 ·o.oo2 ·o.oo2 ·o.oo3 ·o.oo1 ·o.oo2 ·o.oo2 ·o.oo3 
·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo 
4.0 1 3  4.007 4.003 4.002 4 .008 4.0 10 4.008 4.026 4.003 4.0 1 3  4.014 4.0 18 4.0 16  

64.52 65.43 65.37 68.47 64.26 68.88 70.43 63.24 66.13 66.88 68.43 68.37 66.41 
62.22 63.09 63.06 66.57 62.06 67.37 68.13 6 1 .21 64.22 64.88 67.18 65.81 64. 1 3  
34.21 33.33 33.40 30.65 34.61 28.88 28.60 35.58 32.80 31 .88 28.58 30.60 32.44 
3.58 3.58 3.54 2.78 3.43 3.74 3.27 3.20 2.88 3.1 2 3.24 3.60 3.43 

• lndicoteo volue w• below the detection limit. 
' Mearw end stend•d devietiOf"'ll •• for core veluee llbove detection limit My. 

)::,. 1\.) 1\.) Cb 



Poutu Lapilli, Mangamate Tephra 
EMP analyses: orthopyroxene 

SiO, 

Al203 

Ti02 

FeO 

M nO 

M gO 

CoO 

No,O 

K,O 

NiO 

Cr203 

Toto! 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

Co 

No 

K 

Ni  

Cr  

Toto! 

Mg N" 

En% 

Fo% 

Wo% 

• lndicatn value w• below the detection limit. 
' Mearw .nd .tandard deviationa •• for core vah.181 above detection limit only. 

):,. 
1\) 
1\) 
<o 



Waihohonu Lapill i, Mangamate Tephra 
EMP analyses: orthopyroxene 

Si02 62.90 64.22 62.96 63.01 
AJ70, 1 .81 1 .60 2.20 2.20 
TiO, 0.24 0.13 0. 1 8  0. 19 
FeO 1 6. 16 1 1 .37 14.39 1 3.33 
M nO 0.39 0.22 0.36 0.26 
M gO 26.29 29.20 27.1 1 27.81 
CaO 1 .80 1 .66 1 .48 1 .68 
Na,O ·o.o5 ·o.o8 "0.01 "0.01 
K,O ·o.oo ·o.oo "0.01 ·o.oo 
NiO ·o .oo "0.01 ·o.oo ·o.o4 
Cr202 ·o.oo "0. 12 "0. 10 ·o.o3 
Total 98.68 98.29 98.67 98.36 

Catiorw on the baia of 6 oxyoerw 

Si 1 .941 1 .963 1 .931 1 .931 
AI 0.078 0.068 0.096 0.094 
Ti 0.007 0.004 0.006 0.006 
Fe 0.466 0.342 0.439 0.406 
Mn O.o12 0.007 0.01 1 0.008 
Mg 1 .438 1 .669 1 .474 1 .610 
C a  0.071 0.060 0.068 0.062 
Na "0.004 ·o.oo5 "0.001 "0.001 
K ·o.ooo ·o.ooo ·o.ooo ·o.ooo 
Ni ·o.ooo ·o.ooo ·o.ooo "0.001 
Cr ·o.ooo ·o.oo3 "0.003 "0.001 
Total 4.012 4.002 4.0 1 3  4.016 
Mg N" 76.66 82.09 77.06 78.91 
En% 72.96 79.69 74.79 76.34 
fs'l(, 23.66 1 7 .38 22.27 20.63 
Wo'l6 3 .60 3.06 2.94 3 . 13 

• lndicatea value w• below the detection limit. 

·o.o1 

68.91 

' Mearw .-.d atand•d deviatior-. ere for core vaiUM ebove detection limit only. 

I 
h 
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Oturere Lapilli, Mangamate Tephra 
EMP analyses: orthopyroxene 

SiO, 

Al,O, 

TiO, 

FeO 

M nO 

M gO 

c.o 

Ne,O 

K,O 

NiO 

Cr,o, 

Totel 

63.21 
2.44 
0.18 

13 . 17 

0.30 
27.64 
1 .62 
·o.o1 
·o.oo 
·o.os 
·o. 14 
98.48 

6 1 . 1 8  
4.33 
0.27 

1 6.44 

0.28 
26. 1 7  
1 .77 
·o.o1 
·o.o2 
·o.oo 
0. 16 

99.67 

C•tiorw on the b .. ta of 6 oxygerw 

63.20 
2.82 
0.20 

1 2.34 
0.27 

27.94 
1 .48 

·o.oo 
"0.02 
·o.o8 
"0. 1 1 
98.26 

62.70 
2.81 
0.22 

1 4.94 

0.39 
28.08 
1 .84 

"0.02 
·o.oo 
·o.oo 
·o.oo 
98.78 

62.42 
2.1 1 
0.20 

1 6.63 
0.36 

26.20 
1 .63 
"0.07 
·o.oo 
"0.03 
"0.10 
98.46 

62.1 1 
3. 1 7  
0.29 

1 6.38 
0.38 

26.44 
2.01 
"0.01 
"0.01 
"0.03 
·o.o6 
99.78 

61 .99 63.01 
1 .38 2.09 
0.31 0.19 

2 1 . 1 7  1 6.82 
0.64 0.46 

22. 1 7  26.94 
1 .84 1 .81 
·o.o2 ·o.oo 
·o.oo ·o.o1 
·o.o1 ·o.oo 
·o.oo ·o.oo 
99. 1 9  100. 10 

Si  1 .931 1 .872 1 .927 1 .928 1 .936 1 .901 1 .961 1 .930 
AI 0.104 0.187 0.120 0.1 1 3  0.092 0.136 0.061 0.089 
Ti 0.006 0.007 0.006 0.006 0.006 0.008 0.009 0.006 
Fe 0.400 0.603 0.374 0.467 0.6 10 0.600 0.666 0.6 12 
M n  0.009 0.009 0.008 0.0 12 0.01 1 0.0 1 2  0.0 17  0.014 
Mg 1 .490 1 .373 1 .609 1 .422 1 .387 1 .383 1 .240 1 .408 
c. 0.083 0.069 0.068 0.072 0.064 0.079 0.088 0.063 
N• ·o.oo1 ·o.oo1 ·o.ooo ·o.oo1 ·o.oo5 ·o.oo1 ·o.oo2 ·o.ooo 
K ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 
Ni ·o.oo2 ·o.ooo ·o.oo2 ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo 
er ·o.oo4 o.oo5 ·o.oo3 ·o.ooo ·o.oo3 ·o.oo2 ·o.ooo ·o.ooo 
Tot• 4.002 4.026 4.001 4.0 10 4.006 4.0 1 9  4.009 4.021 
Mg N" 78.84 73.1 9 80.14 76.88 73.1 2 73.46 66.09 73.33 
En% 76.29 70.69 77.74 72.89 70.73 70.49 62.91 7 1 .00 
Fe% 20.48 26.88 19.27 23.42 26.01 26.48 33.74 26.82 
Wo% 3.23 3.66 2.99 3.89 3.26 4.03 3.36 3.18 

• lndicete. v"'ue w• below t he  detection limit. 
' Me- end atenderd devietione •• for core v•uea ebove detection limit only. 

)::.. 
1\) to) 
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Te Rata Lapill i,  Mangamate Tephra 
EMP analyses : orthopyroxene 

SiO, 

AI,O, 

TiO, 

FeO 

M nO 

M gO 

c.o 

Na,o 

K,O 

NiO 

Cr20, 

Total 

62.82 

1 .1 8  

0.29 

20.21 

0.40 

23. 1 9  

1 .63 

·o.oo 

·o.oo 

"0.07 

"0 . 1 0  

99.82 

63.00 

0.92 

0.2 1 

1 8.98 

0.48 

26.74 

1 .83 

·o.o8 

"0.01 

·o.oo 

"0.03 

98.96 

C1tions on the basis of 6 oxygens 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

Ca 

Na 

K 

Ni 

Cr 

Total 

Mg N" 

En% 

Fa% 

Wo% 

1 .969 1 .964 

0.061 0.040 

0.008 0.008 

0.827 0.624 

0.0 1 3  0.0 1 6  

1 .282 1 .4 1 6  

0.081 0.084 

·o.ooo ·o.oo4 

·o.ooo ·o.oo1 

·o.oo2 ·o.ooo 

·o.oo3 ·o.oo1 

4.001 4.0 1 8  

87. 1 8  72.98 

66.08 70.84 

31 .83 28. 1 8  

3 . 1 0  3.20 

62. 1 2  63. 1 8  62.33 62.39 

1 .47 1 .48 1 .43 1 .26 

0.32 0.37 0.30 0.38 

1 9.87 1 8.09 1 8.93 22.06 

0.64 0.37 0.41 0 .44 

23.79 24.98 24.82 2 1 .93 

1 .44 1 .93 1 .66 1 .73 

·o.oo ·o.o4 ·o.oo ·o.o3 

·o.oo ·o.oo ·o.oo ·o.o1 

"0.03 "0.01 "0.01 "0.01 

·o. 1 o  ·o.oo ·o. 1 o  ·o.o4 

99.38 1 00.40 99.68 1 00 . 1 3  

1 .938 

0.064 

0.009 

0.8 1 2  

0.0 1 7  

1 .3 1 9  

0.067 

·o.ooo 

·o.ooo 

"0.001 

"0.003 

4.0 1 6  

88.31 

88.36 

30.78 

2.87 

1 .94 1 1 .963 

0.084 0.082 

0.0 1 0  0.008 

0.662 0.686 

0.01 1 0.0 1 3  

1 .380 1 .367 

0.078 0.062 

·o.oo3 ·o.ooo 

·o.ooo ·o.ooo 

·o.ooo ·o.ooo 

·o.ooo ·o.oo3 

4.0 1 4  4.040 

7 1 . 1 3  89.88 

68.41 87 .71  

27.77 29. 1 9  

3.82 3.09 

1 .963 

0.066 

0.0 1 0  

0.687 

0.0 1 4  

1 .2 1 8  

0.069 

"0.002 

·o.ooo 

·o.ooo 

"0.001 

4 .006 

63.94 

6 1 .70 

34.80 

3.60 

• lndicatea value w• below the detection limit. 
' Meena end atandwd deviatiorw •• for core vah.188 above detection limit only. 

63.26 

0.83 

0.29 

1 8. 1 6 

0.40 

24.87 

1 .83 

"0.04 

·o.oo 

"0.09 

·o.oo 

99.21 

1 .966 

0.038 

0.008 

0.661 

0.0 1 2  

1 .367 

0.064 

"0.003 

·o.ooo 

"0.003 

·o.ooo 

4 .004 

70.76 

68.47 

28.30 

3.23 

63.37 

0.72 

0.22 

1 9.82 

0.43 

23.36 

1 .6 1  

"0.01 

·o.oo 

·o.o2 

·o.oo 

99.62 

63.04 

0.90 

0.18 

20.18 

0.46 

23.37 

1 .69 

·o.oo 

·o.oo 

·o.oo 

·o.oo 

99.70 

1 .978 1 .988 

0.031 0.039 

0.006 0.006 

0.6 1 6  0.828 

0.014 0.014 

1 .290 1 .292 

0.064 0.083 

·o.oo1 ·o.ooo 

·o.ooo ·o.ooo 

·o.oo1 ·o.ooo 

·o.ooo ·o.ooo 

3.998 4.007 

87.72 87.38 

86.62 86.22 

3 1 .23 3 1 .60 

3.26 3.18 

62.87 

0.99 

0.21 

20.27 

0.42 

22.64 

1 .66 

·o.o2 

·o.oo 

"0.03 

·o.oo 

88.96 

1 .976 

0.044 

0.008 

0.834 

0.0 1 3  

1 .266 

0.066 

"0.001 

·o.ooo 

"0.001 

·o.ooo 

3.996 

86.46 

64.21 

32.41 

3.37 

63. 1 1  63.68 63.19 

0.91 

0.28 

20.04 

0.47 

1 .04 0.88 

0.21 0.24 

1 9.81 1 9.82 

0.49 0.42 

23.27 23.79 22.87 

1 .63 

·o.oo 

·o.oo 

"0.06 

·o.oo 

99.28 

1 .62 1 .64 

·o.o2 ·o.o6 

·o.oo ·o.oo 

·o.o1 ·o.oo 

·o.oo ·o.o4 

99.26 1 00.06 

1 .973 

0.048 

0.008 

0.809 

0.0 1 6  

1 .288 

0.081 

·o.oo1 

·o.ooo 

·o.ooo 

·o.ooo 

3.998 

67 .90 

86.78 

3 1 . 1 0  

3 . 1 2  

1 .971  1 .978 

0.038 0.040 

0.007 0.008 

0.604 0.623 

0.0 1 3  0.0 1 6  

1 .306 1 .288 

0.081 0.081 

·o.oo4 ·o.ooo 

·o.ooo ·o.ooo 

·o.ooo ·o.oo2 

·o.oo1 ·o.ooo 

3.999 3.993 

88.38 67 .06 

88.24 84.98 

30.88 3 1 .92 

3.10 3 . 1 3  

62.82 

1 .08 

0.32 

1 9.62 

0.42 

23.34 

1 .82 

·o.oo 

·o.o3 

"0.01 

·o.oo 

99.1 2  

1 .966 

0.048 

0.009 

0.607 

0.0 1 3  

1 .296 

0.066 

·o.ooo 

"0.001 

·o.ooo 

·o.ooo 

4.002 

88.09 

86.84 

30.88 

3.30 

h 
1\) 
Col) 
1\) 



Pahoka Tephra 
EMP analyses: orthopyroxene 

SiO, 62.20 62.32 62.81 62.97 62.84 

Al203 3.46 3.43 0.86 0.84 1 .06 

Ti02 0.26 0 . 1 8  0.22 0.26 0.24 

FeO 1 6 .03 1 6.31 2 1 . 1 6  20.77 2 1 . 1 1 

M nO 0.30 0.34 0.61 0.62 0.47 

M gO 26.60 26.84 22.67 22.47 22.72 

CoO 1 . 1 3  1 .26 1 .49 1 .38 1 .47 

No,O ·o.oo '0.03 ·o.oo '0.03 ·o.oo 

K,O '0.00 ·o.oo '0.01 '0.00 '0 .00 

NiO '0.03 ·o.oo ·o.oo ·o.oo ·o.oo 

Cr,o, '0,04 '0.07 ·o.oo '0.02 '0.02 

Toto! 98.87 98.76 99.72 99.20 88.89 

C•tions on the bni1 of 6 oxygens 

Si 1 .8 1 2  1 .9 1 2  1 .968 1 .978 1 .964 

AI 0.149 0.148 0.038 0.037 0.046 

Ti 0.007 0.006 0.006 0.007 0.007 

Fe 0.491 0.468 0.669 0.649 0.666 

Mn 0.009 0.0 1 0  0.0 1 6  0.0 1 6  0.0 1 6  

Mg 1 .392 1 .4 1 3  1 .269 1 .26 1 1 .269 

Co 0.044 0.049 0.069 0.066 0.068 

No '0.000 '0.002 '0.000 '0.002 ·o.ooo 

K '0.000 ·o.ooo '0.000 ·o.ooo '0.000 

Ni '0.001 ·o.ooo ·o.ooo ·o.ooo '0.000 

Cr '0.001 '0.002 '0.000 '0.00 1 '0.001 

Toto! 4.004 4.006 4.006 3.993 4.006 

Mg N" 73.92 76. 1 2  66.64 66.84 66.74 

En% 72.24 73.21 63.68 63.99 63.81 

Fo% 26.48 24.26 33.33 33.20 33.26 

Wo% 2.28 2.64 2.98 2.81 2.94 
I 

:b. 
· lndic•tn value w• below the detection limit. 1\) (4) 
' Me .. and etandard devi.tioiW •• for core v-'uea ebove detection limit only. (4) 



Okupata Tephra 
EMP analyses :  orthopyroxene (continued . . .  J 

SiO, 

Al,O, 

TiO, 

FeO 

M nO 

M gO 

c.o 

N-,o 

K,O 

NiO 

Cr20, 

Tot.J 

6 1 .23 

1 .97 

0.27 

20.09 

0.47 

22.83 

1 .63 

'0.02 

·o.oo 

·o.oo 

·o.oo 

98.38 

60.67 

1 . 1 2  

0.23 

23.10 

0.63 

2 1 .63 

1 .6 1  

·o.oo 

·o.oo 

·o.oo 

'0.01 

98.99 

6 1 .76 

1 . 1 2  

0.28 

2 1 .2 2  

0.60 

22.69 

1 .60 

'0.01 

·o.oo 

·o.oo 

·o.oo 

98.97 

63.06 

1 .60 

0.20 

1 6.89 

0.31 

26.28 

1 .28 

'0.03 

·o.oo 

'0.06 

·o.o6 

99.62 

6 1 .39 

2.40 

0.24 

1 7.41 

0.36 

26. 1 6  

1 .36 

'0.02 

·o.oo 

'0.04 

'0.06 

98.30 

60.93 

1 . 1 2  

0.26 

21 .80 

0.62 

21 .99 

1 .66 

'0.02 

'0.02 

·o.oo 

·o.oo 

98. 1 7  

6 1 .22 

1 .2 1  

0.24 

2 1 .47 

0.63 

22.03 

1 .66 

·o.o8 

·o.oo 

·o.oo 

'0.01 

98.34 

6 1 .24 

1 .44 

0.27 

2 1 .68 

0.26 

2 1 .98 

1 .66 

·o.oo 

·o.oo 

'0.03 

·o.oo 

98.43 

6 1 .24 

2.14 

0.27 

1 9 .60 

0.46 

23.82 

1 .46 

·o.oo 

'0.01 

·o.oo 

'0.01 

98.98 

6 1 .29 

1 .33 

0.3 1 

2 1 .98 

0.66 

2 1 . 1 4  

1 .62 

'0.01 

'0.01 

'0.06 

·o.oo 

98.22 

6 1 .46 

1 .36 

0.34 

20.86 

0.44 

22.94 

1 .68 

'0.04 

·o.oo 

'0.01 

'0.06 

99.06 

6 1 .34 

1 .36 

0.33 

20.60 

0.60 

23.10 

1 .70 

·o.o7 

'0.01 

·o.oo 

'0. 1 2  

98.81 

6 1 .34 

1 .76 

0.38 

2 1 .62 

0.46 

22.42 

1 .62 

·o.oo 

·o.oo 

·o.oo 

·o.o6 

99.38 

62. 1 3  

0.88 

0.26 

20.99 

0.61 

22.87 

1 .67 

'0.03 

·o.oo 

·o.oo 

'0.01 

99.20 

62.30 

2.6 1 

0.23 

1 6.70 

0.46 

26.41 

1 .32 

·o.oo 

'0.01 

'0.02 

·o.o8 

98.94 

62.1 2  

2.09 

0.27 

1 7 . 1 7  

0.29 

26.63 

1 .26 

'0.06 

·o.oo 

'0,01 

·o.oo 

98.82 

6 1 .41  

2.20 

0.24 

1 8.64 

0.42 

24.38 

1 .34 

'0.04 

·o.oo 

'0.07 

'0.09 

98.63 

6 1 .44 

1 .46 

0.21 

21 .64 

0.46 

22. 1 6  

1 .67 

·o.oo 

·o.oo 

·o.oo 

'0.09 

98.86 

62.49 6 1 .68 

0.73 1 .30 

0.22 0.37 

1 8.66 21 .46 

0.61 0.42 

24.38 22.60 

1 .34 1 .74 

·o.o2 ·o.oo 

·o.oo ·o.o1 

·o.oo ·o.oo 

·o . 1 3  ·o.oo 

98.24 99.48 

C•tiorw on the baia of 8 oxygens 

Si 

AI 
Ti 

Fe 

M n  

M g  

c .  

N •  

K 

Ni 

Cr 

Tot.J 

Mg N" 

En" 

"-" 

Wo" 

1 .930 1 .930 1 .948 1 .939 1 .9 1 2  1 .942 1 .946 1 .943 1 .9 1 6  1 .963 1 .933 1 .930 1 .927 1 .966 1 .9 1 6  1 .924 1 .9 1 7  1 .941 1 .962 1 .936 

0.088 0.060 0.060 0.066 0 . 1 06 0.060 0.064 0.064 0.084 0.060 0.060 0.060 0.077 0.039 0.108 0.091 0.097 0.066 0.032 0.068 

0.008 0.007 0.008 0.006 0.007 0.007 0.007 0.008 0.008 0.009 0.0 1 0  0.009 0.0 1 1  0.007 0.006 0.008 0.007 0.006 0.006 0.010 

0.633 0.736 0.668 0.6 1 6  0.642 0.696 0.682 0.688 0.613 0.700 0.666 0.646 0.676 0.668 0.481 0.630 0.678 0.680 0.660 0.674 

0.0 1 6  0.020 0.0 1 6  0.009 0.0 1 1 0.0 1 7  0.0 1 7  0.008 0.0 1 6  0.0 1 8  0.014 0.0 1 6  0.014 0.0 1 6  0.0 1 4  0.009 0.0 1 3  0.0 1 6  0.0 1 6  0.0 1 3  

1 .283 1 .228 1 .268 1 .432 1 .396 1 .260 1 .247 1 .242 1 .327 1 .200 1 .286 1 .296 1 .266 1 .279 1 .442 1 .410 1 .366 1 .247 1 .369 1 .264 

0.062 0.066 0.060 0.060 0.064 0.063 0.067 0.064 0.069 0.066 0.068 0.068 0.061 0.063 0.062 0.049 0.064 0.064 0.063 0.070 

·o.oo2 ·o.ooo ·o.ooo ·o.oo2 ·o.oo2 ·o.oo2 ·o.oo6 ·o.ooo ·o.ooo ·o.oo1 ·o.oo3 ·o.oo6 ·o.ooo ·o.oo2 ·o.ooo ·o.004 ·o.oo3 ·o.ooo ·o.oo2 ·o.ooo 

·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

·o.ooo ·o.ooo ·o.ooo ·o.oo2 ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo2 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo2 ·o .ooo ·o.ooo ·o.ooo 

·o.ooo ·o.ooo ·o.ooo ·o.oo2 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.oo4 ·o.oo2 ·o.ooo ·o.oo2 ·o.ooo ·o.oo3 ·o.oo3 ·o.004 ·o.ooo 

4.0 1 9  4.037 4.0 1 8  4.0 1 6  4.026 4.024 4.0 1 9  4.0 1 7  4.030 4.006 4.026 4.023 4.021 4.0 1 7  4.0 1 9  4.021 4.021 4.0 1 8  4.008 4.026 

66.96 62.63 66.60 73.61 72.02 64.27 64.64 64.36 68.40 63. 1 6  66.24 66.76 64.99 66.03 74.99 72.68 70.10 64.71 70.09 66.22 

64.86 60.49 63.63 7 1 .67 70.07 62.26 62.47 62.29 66.42 6 1 .04 63.99 64.49 63.00 63.96 73.01 70.88 68. 1 9  62.63 88.22 62.86 

32.00 36.26 33.47 26.83 27.22 34.61 34. 1 7  34.60 30.68 36.61 32.62 32. 1 2  33.94 32.80 24.36 26.66 28.09 34. 1 6  29.1 2 33.67 

3 . 1 3 3.26 3.01 2.60 2.71 3.14 3.36 3.21 2.90 3.36 3.39 3.38 3.06 3 . 1 6  2.63 2.46 2.72 3.21 2.66 3.49 

· lndicat• value w• below the detection limit. 
' Meene end atend•d devi.tiorw •• fot' core vah ... 8bove detection limit only. 

):,. 
1\) 

� 



Okupata Tephra 
EMP analyses: orthopyroxene ( ... continut�d) 

Si02 62.07 

AJ.o, 1 . 1 0  

Ti02 0.30 

FeO 2 1 .31 

M nO 0.44 

M gO 22.26 

CaO 1 .47 

Na20 "0.01 

K20 ·o.oo 

NiO "0.04 

Cr203 "0.04 

Total 98.96 

Cations on basis of 6 oxygene 

Si 1 .968 

AJ 0.049 

Ti 0.008 

Fe 0.670 

Mn 0.014 

Mg 1 .248 

Ca 0.069 

Na "0.001 

K ·o.ooo 

Ni "0.001 

Cr "0.001 

Total 4 .006 

Mg N" 66.07 

En% 63. 1 3  

Fa% 33.89 

Wo% 2.98 

• lndicatea value w• below the detection limit. 
• Me.,.. and standard deviatiorw are for core vell..le8 ebove detection limit only. 

):,.. 
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Pourahu Member [tephra unit] [BT1 ], Bullot Formation 
EMP analyses: orthopyroxene (continued . . .  ) 

Si02 

AJ,o, 

Ti02 

FeO 

M nO 

M gO 

CaO 

Na,O 

K20 

NiO 

Cr203 

Total 

62.61 62.06 

1 .60 1 .20 

0.28 0.27 

20.10 22.02 

0.44 0.68 

24 . 1 1  22.70 

1 .43 1 .49 

'0.04 '0.06 

·o.o1 ·o.oo 

·o.o1 ·o.oo 

·o.oo ·o.oo 

1 00.46 1 00.33 

62.47 

0.99 

0.23 

20.88 

0.64 

23.27 

1 .6 6  

·o.oo 

'0.01 

·o.oo 

·o.oo 

99.94 

6 1 .49 

2.34 

0.30 

1 8.67 

0.43 

24.78 

1 . 1 9  

·o.oo 

'0.0 1 

·o.oo 

'0.04 

99.20 

62.71 

1 .27 

0.23 

1 8.36 

0.30 

26.67 

1 .27 

'0.03 

·o.oo 

·o.oo 

'0.03 

99.79 

6 1 .86 62.48 

1 .81  0.98 

0.47 0.22 

1 9.01 21 .79 

0.36 0.62 

24.1 1 23.01 

1 .76 1 .64 

·o.o4 ·o.oo 

·o.oo ·o.o2 

·o.o4 ·o.oo 

o.28 ·o.oo 

99.63 1 00.63 

61 .89 

1 .1 4  

0.28 

2 1 .7 1  

0.68 

22.21 

1 .64 

'0,02 

·o.oo 

'0.03 

·o.oo 

99.36 

62.24 62.26 62.30 62.20 62.87 

1 .1 7  1 .26 1 .36 1 .88 0.86 

0.28 0.23 0.33 0 . 1 6  0.21 

21 .48 22.66 20.38 1 8.81 20.86 

0.60 0.60 0.40 0.48 0.63 

22.77 22.08 23.78 24.60 23.18 

1 .44 1 .61 1 .69 1 .26 1 .38 

·o.o1 ·o.oo ·om ·o.o6 ·o.oo 

·o.oo ·o.oo ·o.oo ·o.o1 ·o.o2 

·o.oo ·o.oo ·o.o6 ·o.oo ·o.o6 

·o.oo ·o.o4 ·o.o1 ·o.o8 ·o.oo 

98.86 100.37 1 00 . 1 3  100.38 100. 1 1 

62.1 2  

0.86 

0.28 

21 .77 

0.47 

22.66 

1 .44 

'0.01 

'0.01 

·o.oo 

·o.oo 

88.67 

62.47 

0.81 

0 . 1 8  

2 1 . 1 1  

0.62 

23.1 7 

1 .47 

·o.oo 

·o.oo 

'0.07 

·o.oo 

88.83 

62.04 62.44 62.1 1 6 1 .7 8  

1 .1 7  1 .06 1 .47 2.82 

0.26 0.27 0.30 0.23 

20.73 20.88 2 1 .88 1 8.26 

0.63 0.66 0.42 0.48 

23. 1 7  23.22 22.61 24.46 

1 .63 1 .61 1 .66 1 .37 

·o.o4 ·o.oo ·o.o1 ·o.o2 

·o.o2 ·o.o1 ·o.oo ·o.oo 

·o.oo ·o.o6 ·o.o8 ·o.o2 

·o.oo ·o.o4 ·o.o3 ·o.o2 

88.42 1 00.03 1 00.36 1 00.48 

Cations on the baaie of 6 oxygene 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

Ca 

Na 

K 

Ni 

Cr 

Total 

Mg N" 

En" 

Fa" 

Wo" 

1 .833 1 .939 1 .962 1 .909 1 .837 1 .820 1 .848 1 .960 1 .848 1 .948 1 .936 1 .920 1 .962 1 .963 1 .963 1 .946 1 .848 1 .937 1 .899 

0.069 0.063 0.043 0.102 0.066 0.079 0.043 0.060 0.061 0.066 0.069 0.086 0.042 0.043 0.040 0.062 0.046 0.064 0 . 1 26 

0.008 0.008 0.006 0.008 0.006 0.0 1 3  0.006 0.008 0.008 0.066 0.009 0.004 0.006 0.008 0.006 0.007 0.007 0.008 0 .006 

0.6 1 9  0.666 0.649 0.679 0.664 0.689 0.676 0.682 0.670 0.703 0.631 0.609 0.646 0.682 0.667 0.648 0.662 0.680 0.691 

0.014 0.0 1 8  0.0 1 7  0.0 1 3  0.009 0.01 1 0.01 6  0,0 1 8  0.01 6 0.0 1 6  0.0 1 2  0.0 1 6  0.0 1 7  0.0 1 6  0.020 0.0 1 7  0,018 0.0 1 3  0.0 1 6  

1 .323 1 .261 1 .290 1 .370 1 .406 1 .331 1 .273 1 .244 1 .266 1 .227 1 .31 2 1 .343 1 .281 1 .269 1 .286 1 .291 1 .286 1 .248 1 .337 

0.066 0.060 0.062 0.047 0.060 0.069 0.061 0.062 0.068 0.060 0.063 0.060 0.066 0.068 0.069 0.061 0.060 0.066 0.064 

·o.oo3 ·o.oo4 ·o.ooo ·o.ooo ·o.oo2 ·o.oo3 ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.oo1 ·o.oo4 ·o.ooo ·o.oo1 ·o.ooo ·o.oo3 ·o.oo1 ·o.oo1 ·o.oo2 

·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo 

·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo2 ·o.ooo ·o.oo1 ·o.ooo ·o.oo2 ·o.ooo ·o.oo2 ·o.oo3 ·o.ooo 

·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 o.oo8 ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo2 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.oo1 

4 .022 4.026 4.0 1 9  4.028 4.027 4.020 4.023 4.0 1 4  4.018 4.076 4.022 4.027 4.009 4.0 1 8  4 .020 4.021 4 .0 1 7  4.0 1 6  4.028 

68.1 3  64.77 66.63 70.29 7 1 .37 69.32 66.32 64.69 66.39 63.68 67.62 68.80 66.49 64.86 66. 1 8  66.68 66.36 64.73 68.36 

66.22 62.83 64.47 69.64 88.80 66.82 63.33 62.68 63.48 6 1 .66 66.40 67.08 64.63 62.88 64.24 64.66 64.36 62.68 67.46 

30.88 34. 1 8  32.43 28.01 27.92 29.61 33.63 34.31 33.60 36.33 3 1 .46 30.42 32.69 34. 1 2  32.82 32.40 32.63 34.10 28.82 

2.80 2.89 3 . 1 0  2.36 2.48 3.47 3.03 3.1 2 2.91 3.02 3.14 2.60 2.77 2.80 2.86 3.06 3.00 3.31 2.72 

· Indicates v-'ue WM below the detection limit. 
' Me.,.. ....:t at.nd•d deviatiorw we for core vah.Jea _,ove detection limit only. 

):,. 1\l (..) 0) 



Pourahu Member [tephra unit] [BT1 ], Bullet Formation 
EMP analyses: orthopyroxene ( ... continued) 

Si02 

Al203 

Ti02 

FeO 

M nO 

M gO 

CaO 

Na,o 

K,O 

NiO 

Cr20:. 

Total 

Cations 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

Ca 

Na 

K 

Ni 

Cr 

Total 

Mg N" 

En% 

Fa% 

Wo% 

· .o.oe2 ::{O:o:Z21' . 

6:6 1 ;  �;:gi�t 
, <i:6n , {O,:���t , .  
< o:o1 �< j():bo3( 
·········· J:8:: ••··'·, �:�J:;,•. 

• lndicata value w• below the detection limit. 
t Me.,. and etanderd deviatione ere for core vatuee ebove cMtection limit only. 

):.. 
1\,) (.,) 'I 



Pourahu Member [tephra unit) [WS 1 J ,  Bullot Formation 
EMP analyses: orthopyroxene 

SiO, 

AI,O, 

TiO, 

FeO 

M nO 

M gO 

c.o 

Ne,o 

K,o 

NiO 

Cr203 
Totel 

6 1 .94 

1 .73 

0.26 

20. 1 1 

0.40 

23.06 

1 .44 

·o.oo 

"0.01 

·o.oo 

·o.oo 

98.93 

62.34 

1 .00 

0.31 

20.81 

0.48 

22.72 

1 .62 

"0.01 

·o.oo 

"0.01 

"0.06 

99.28 

6 1 .9 1  

1 .46 

0.31  

2 1 .37 

0.46 

2 2 . 1 6  

1 .68 

·o.oo 

·o.oo 

"0.02 

"0.02 

9 9 .26 

62.47 

1 . 1 1 

0.26 

2 1 .29 

0.62 

22.27 

1 .67 

"0.03 

·o.oo 

"0.01 

·o.oo 

99.48 

62. 1 6  

1 .32 

0.30 

2 1 .68 

0.49 

22. 1 7  

1 .74 

"0.02 

·o.oo 

·o.oo 

"0.02 

99.86 

62.67 

0.99 

0.26 

2 1 .79 

0.66 

22.26 

1 .66 

·o.oo 

·o.oo 

"0.04 

"0.01 

99.96 

62.7 1 

0.80 

0.27 

2 1 .09 

0.60 

22.60 

1 .40 

·o.oo 

·o.oo 

"0.02 

·o.oo 

99.46 

61 .89 

1 .1 7  

0.29 

20.69 

0.60 

22.22 

1 .67 

·o.oo 

·o.oo 

·o.o6 

"0.03 

98.23 

Cations on the basis of 8 oxygens 

Si . 
AI 
Ti 

Fe 

Mn 

Mg 

c. 

Ne 

K 

Ni 

Cr 

Tote! 

Mg N" 

En'll> 

Fe'll> 

Wo'll> 

1 .943 1 .968 1 .948 1 .962 1 .948 1 .961 1 .969 1 .960 

0.076 0.044 0 .064 0.049 0.068 0.043 0.036 0.062 

0.007 0.009 0 .009 0.007 0.008 0.007 0.008 0.008 

0.629 0.661 0.67 1 0.666 0.677 0.680 0.669 0.661 

0.0 1 3  0.0 1 6  0.016 0.0 1 6  0.0 1 6  0.0 1 8  0.0 1 9  0.016 

1 .286 1 .267 1 .240 1 .242 1 .236 1 .238 1 .269 1 .261 

0.068 0.066 0 .064 0.063 0.070 0.062 0.066 0.063 

·o.ooo ·o.oo1 ·o .ooo ·o.oo2 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo 

·o.oo1 ·o.ooo ·o .ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.oo2 

·o.ooo ·o.oo2 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 

4.0 1 1 4.009 4 .01 1 4.006 4.0 1 1  4.009 4.006 4.001 

67. 1 4  66.06 64.89 66.09 64.69 64.66 66.64 66.77 

66. 1 6  63.89 62.78 63.01 62.3 1 62.63 63.78 63.66 

3 1 .90 32.83 33.97 33.79 34. 1 6  34.34 33.38 33.1 3  

2.94 3.28 3.24 3.20 3.63 3.1 3 2.84 3.21 

• lndicatee value w •  below the detection limit. 
' Meana 8nd atwld•d deviationa are tor core vah.Jea above detection limit only. 

)::.. 
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Pourahu Member [tephra unit] [DR 1 6] .  Bullot Formation 
EMP analyses: orthopyroxene 

Si02 

AJ20� 

TiO, 

FeO 

M nO 

M gO 

c.o 

N.,o 

K20 

NiO 

Cr20, 

Toul 

62.21 

1 . 1 3  

0.30 

2 1 .76 

0.38 

22.43 

1 .74 

'0.04 

'0.00 

'0.03 

·o.oo 

99.96 

62.01 62.78 

1 .07 0.86 

0.34 0.26 

22.27 2 1 .37 

0.66 0.63 

2 1 .99 22.78 

1 . 14 1 .67 

'0.04 '0.02 

·o.oo ·o.oo 

'0.01 '0.01 

·o.o1 ·o.oo 

99.36 1 00.23 

62.64 

0.96 

0.29 

21 .00 

0.61 

22.63 

1 .62 

'0,01 

'0,01 

·o.oo 

'0.01 

99.64 

62.47 

1 .00 

0.26 

2 1 .64 

0.46 

22.08 

1 .48 

'0.02 

'0.01 

'0.06 

·o.oo 

99.37 

62.07 62.28 

1 .06 1 . 1 7  

0.28 0.32 

2 1 .6 1  22.72 

0.62 0.64 

22.06 2 1 . 7 1  

1 .68 1 .62 

'0.00 '0.02 

'0.02 '0.01 

'0.00 '0,04 
·o.oo ·o.oo 

99. 1 7  1 00.36 

6 1 .36 

1 .6 1  

0.29 

22.32 

0.49 

2 1 .44 

1 .68 

·o.oo 

·o.oo 

'0.01 

'0,02 

99.07 

62.41 62.48 63.16 62.21 64.49 

1 .09 1 .26 0.78 1 .23 1 . 1 0  

o� on o� on om 

20.92 2 1 .28 21 .86 22.77 14.66 

0.46 0.62 0.60 0.67 0.31 

22.68 22.78 22.78 2 1 .7 2  27.87 

1 �2 1 A8 1 •1 1 A6 1 3 3  

·o.oo ·o.oo ·o.oo ·o.oo ·o.o4 

·o.oo ·o.oo ·o.o1 ·o.oo ·o.o1 

·o.oo ·o.o2 ·o.o2 ·o.o6 ·o.oo 

·o.o4 ·o.o4 ·o.oo ·o.oo ·o.o8 

99.47 100. 1 2  100.86 100. 1 7  1 00.13 

62.82 

0.84 

0.31 

20.86 

0.6 1 

23.23 

1 .68 

'0.01 

'0.02 

'0.03 

'0.03 

99.74 

C•tiorw on the basis of 8 oxygene 

Si 
AI 
Ti 

Fe 

Mn 

Mg 

c. 

N• 

K 

Ni  

Cr 

Tot.r 

Mg N" 

En% 

Fa% 

Wo% 

1 .948 1 .966 1 .960 1 .963 1 .966 1 .969 1 .962 1 .942 1 .967 1 .960 1 .964 1 .963 1 .968 1 .960 

0.060 0.047 0.037 0.042 0.044 0.047 0.061 0.067 0.048 0.066 0.034 0.064 0.047 0.026 

0.008 0.0 1 0  0.007 0.008 0.007 0.008 0.009 0.008 0.008 0.009 0.008 0.006 0.002 0.008 

0.679 0.700 0.664 0.666 0.678 0.680 0.709 0.706 0.663 0.661 0.676 0.7 1 2  0.437 0.660 

0.0 1 2  0.0 1 8  0.0 1 7  0.0 1 6  0.0 1 4  0.0 1 7  0.0 1 7  0.016 0.014 0.0 1 6  0.0 1 6  0.0 1 8  0.009 0.0 1 6  

1 .248 1 .233 1 .261 1 .268 1 .233 1 .237 1 .208 1 .208 1 .263 1 .262 1 .266 1 .2 1 1 1 .493 1 .289 

0.069 0.046 0.066 0.066 0.069 0.064 0.066 0.068 0.066 0.069 0.060 0.068 0.066 0.063 

·o.oo3 ·o.oo3 ·o.oo2 ·o.oo1 ·o.oo1 ·o.ooo ·o.oo2 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo3 ·o.ooo 

·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 

·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.oo2 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o .ooo ·o.oo1 

·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.oo2 ·o.oo1 

4.0 1 6  4.009 4 .0 1 2  4.007 4.001 4.0 1 2  4.0 1 1 4.0 1 6  4.008 4.0 1 2  4.0 1 2  4 .0 1 2  4.0 1 2  4.0 1 4  

64.76 63.78 66.61 66.76 64.62 64.63 63.02 63. 1 1  66.82 66.63 66.03 62.87 7 7.36 66.48 

62.63 62.30 63.34 63.60 62.69 62.44 60.96 60.96 63.76 63.67 63.07 6 1 . 1 3  74.80 64.39 

34.02 36.37 33.36 33.1 1 34.42 34.33 36.77 36.62 32.96 33.36 33.82 36.94 21 .89 32.47 

3.46 2.32 3.31 3.29 2.99 3.23 3.28 3.43 3.28 2.98 3.02 2.93 3.31 3.1 6 

· lndic•tee value w• below the detection limit. 
' Me.,.. end atanderd devi.tior. ere for core Yelue8 ebove detection limit only. 

)::.. 
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Pourahu Member [tephra unit] [OT]. Bullot Formation 
EMP analyses: orthopyroxene 

SiO, 63.27 62.26 62.68 61 .84 

Al203 0.73 1 .42 1 .01  1 .08 

TiO, 0.26 0.29 0.26 0.32 

FeO 20.79 2 1 .76 2 1 .87 22.00 

M nO 0.62 0.62 0.67 0.61 

M gO 23.22 22. 1 7  22.39 22.26 

c.o 1 .66 1 .64 1 .36 1 .6 1  

N •,O ·o.oo "0.03 ·o.oo ·o.oo 

K,O ·o.oo ·o.oo ·o.oo ·o.oo 

NiO "0.03 0. 1 3  ·o.oo ·o.oo 

Cr20, ·o.oo "0.02 ·o.oo ·o.oo 

Tot•l 1 00.44 1 00 . 1 7  1 00.04 99.61 

Cations on the b•ia of 6 oxygerw 

Si 1 .968 1 .947 1 .960 1 .947 

AI 0.032 0.062 0.046 0.048 

Ti 0.007 0.008 0.007 0.009 

Fe 0.642 0.678 0.682 0.691 

Mn 0.0 1 9  0.0 1 7  0.0 1 8  0.0 1 9  

Mg 1 .278 1 .232 1 .244 1 .246 

c. 0.062 0.066 0.064 0.061 

N• ·o.ooo "0.002 ·o.ooo ·o.ooo 

K ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

N i  "0.001 0.004 ·o.ooo ·o.ooo 

Cr ·o.ooo "0.001 ·o.ooo ·o.ooo 

Tot.t 4.008 4.0 1 4  4.010 4.021 

Mg N" 66.68 84.60 84.69 84.33 

En� 84.48 82.36 62.83 82.38 

F.� 32.39 34.31 34.44 34.68 

Wo� 3 . 1 3  3.34 2.73 3.06 

· lndicatea v•ue w• below the detection limit. 
' Me.,. .-lid at..-.dard deviatiorw ere for core vah.Jea above detection limit only. 

I )::,. 
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Pourahu Member [ign imbrite unit] [CTJ, Bullot Formation 
EMP analyses: orthopyroxene in banded lapilli 

Si02 

Al203 

Ti02 

FeO 

M nO 

M gO 

CaO 

N a,O 

K20 

NiO 

Cr203 

Total 

62.39 

1 .27 

0.29 

21 .64 

0.61 

22.29 

1 .61  

'O.ol 

·o.oo 

·o.oo 

'0.06 

99.80 

62.34 

1 .03 

0. 13  

2 1 .36 

0.67 

22.77 

1 .61  

'0.01 

·o.oo 

·o.oo 

·o.oo 

99.79 

62.28 62.01 

1 .04 1 .27 

0.29 0.26 

21 .60 2 1 .43 

0.61 0.49 

22.70 23.04 

1 .60 1 .68 

'0.02 '0.03 

'0.02 '0.01 

·o.o2 ·o.oo 

·o.oo ·o.oo 

99.91 100.08 

61 .96 6 1 .63 62.83 

1 .23 1 .39 1 .06 

0. 1 6  0.28 0.27 

21 .63 22.30 2 1 .62 

0.46 0.66 0.62 

22.67 22.40 22.68 

1 .60 1 .67 1 .62 

·o.o4 ·o.oo ·o.o4 

·o.oo ·o.oo ·o.o1 

·o.oo ·o.o1 ·o.o1 

·o. 1 2  ·o. 1 1 ·o.oo 

99.61 100.12  1 00.60 

61 .99 

1 .30 

0.28 

20.92 

0.48 

23.04 

1 .64 

0.07 

·o.oo 

·o.o8 

'0.04 

99.61 

62.60 

0.96 

0.29 

20.61 

0.38 

23.10 

1 .48 

'0.06 

·o.oo 

'0.04 

'0.04 

99.42 

62.43 61 .99 62.86 

1 .26 1 . 1 8  0.93 

0.24 0.33 0.28 

20.87 2 1 .97 20.96 

0.4 7 0.46 0.68 

23. 1 6  22.68 23.60 

1 .49 1 .60 1 .46 

·o.oo ·o.o3 ·o.o1 

·o.oo ·o.oo ·o .oo 

·o.oo ·o. 1 o  ·o.oo 

·o.oo ·o.04 ·o.oo 

99.90 100.19  1 00.66 

61 .39 

1 .46 

0.24 

2 1 .68 

0.47 

22.23 

1 .49 

'0.02 

·o.oo 

'0.03 

'0.01 

98.96 

61 .62 

1 .62 

0.31 

2 1 .47 

0.49 

22.77 

1 .60 

'0.04 

'0.01 

·o.oo 

'0.08 

99.77 

62.21 63.62 

0.80 0.97 

0.28 '0.08 

21 .27 1 7.69 

0.62 0.34 

22.88 26.31 

1 .46 1 .40 

·o.oo ·o.o2 

·o.o3 ·o.oo 

·o.oo ·o.oo 

'0.01 0.33 

99.63 1 00.66 

61 .67 

1 .28 

0.27 

21 .72 

0.44 

22.27 

1 .72  

'0.02 

·o.oo 

'0.04 

'0.03 

99.36 

C•tions on the basi• of 6 oxygene 

Si 

AI 

Ti 

Fe 
Mn 

Mg 

ea 

No 

K 

Ni 

Cr 

Total 

Mg N" 

En% 

Fa% 

Wo% 

1 .964 1 .964 1 .961 1 .937 1 .946 1 .931 1 .968 1 .940 1 .960 1 .949 1 .939 1 .963 1 .939 1 .929 1 .966 1 .946 1 .942 

0.066 0.046 0.046 0.066 0.064 0.061 0.046 0.067 0.042 0.066 0.062 0.040 0.066 0.067 0.036 0.041 0.066 

0.008 0.004 0.008 0.007 0.004 0.008 0.008 0.008 0.008 0.007 0.009 0.008 0.007 0.009 0.008 '0.002 0.008 

0.672 0.667 0.674 0.668 0.674 0.697 0.670 0.663 0.642 0.649 0.686 0.648 0.684 0.67 1 0.666 0.638 0.682 

0.0 1 6  0.0 1 8  0.016 0.0 1 6  0.0 1 6  0.0 1 8  0.0 1 6  0.016 0.012  0.0 1 6  0.014  0.018 0.0 1 6  0.0 1 6  0.020 0.010 0.0 1 4  

1 .240 1 .267 1 .263 1 .280 1 .266 1 .248 1 .24 7 1 .282 1 .263 1 .283 1 .260 1 .296 1 .260 1 .268 1 .277 1 .426 1 .248 

0.060 0.066 0.060 0.063 0.060 0.063 0.064 0.061 0.069 0.069 0.064 0.068 0.060 0.064 0.069 0.066 0.069 

·o.ooo ·o.oo1 ·o.oo1 ·o.oo2 ·o.oo3 ·o.ooo ·o.oo3 o.oos ·o.oo4 ·o.ooo ·o.oo2 ·o.oo1 ·o.oo2 ·o.oo3 ·o.ooo ·o.oo1 ·o.oo1 

·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo 

·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo2 ·o.oo1 ·o.ooo ·o.oo3 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.oo1 

·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.oo3 ·o.oo3 ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo2 ·o.ooo o.oo9 ·o.oo1 

4.006 4.020 4.0 1 8  4.026 4.0 1 7  4 .026 4.009 4.021 4.006 4.0 1 7  4.022 4.020 4.020 4.023 4.020 4.024 4.0 1 9  

64.86 66.61 66.20 66.71 66.24 64. 1 6  66.06 66.26 66.66 66.41 64.78 66.66 64.63 66.39 66.72 72.61 64.66 

62.88 63.38 63.24 63.66 63.28 62.1 6  62.96 64.23 64.67 64.44 62.72 64.72 62.69 63.31 63.79 70.63 62.43 

34.08 33.37 33.76 33.22 33.72 34.71 33.82 32.72 32.36 32.60 34.10  32.38 34.30 33.60 33.27 26.66 34. 1 2  

3.04 3.26 3.00 3.1 3 3.00 3 . 1 4  3.23 3.06 2.97 2.96 3.1 9 2.60 3.01 3.20 2.96 2.72 3.46 

• lndicetea velue w• below the detection limit. 
' Meane .nd atanderd devi1tiorw ere for core v•un above detection limit only. 
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Pourahu Member [ignimbrite unit] [MO] , Bullot Formation 
EMP analyses: orthopyroxene 

Si02 

AJ,o, 

Ti02 

FeO 

M nO 

M gO 

CaO 

Na,O 

K,O 

NiO 

cr,o, 

Totol 

62.10 

1 .34 

0.26 

2 1 .87 

0.66 

2 1 .94 

1 .66 

0.06 

'0.01 

'0.06 

'0,02 

99.76 

63. 1 3  

1 .67 

0.30 

1 8.03 

0.37 

24.96 

1 .68 

'0.06 

'0.01 

'0.06 

'0.06 

99.90 

61 . 14  

1 .68 

0.32 

23.41 

0.61 

20.68 

1 .69 

'0.04 

62. 1 4  

1 .86 

0.26 

20.92 

0.46 

22.88 

1 .66 

·o.oo 

·o.oo ·o.oo 

0.12 '0.07 

'0.03 '0.01 

99.34 100.06 

62.08 

0.96 

0.26 

20.37 

0.66 

22.39 

1 .60 

'0.01 

·o.oo 

'0.01 

'0.03 

9 8 . 1 8  

61 .97 

1 .28 

0.20 

2 1 .8 1  

0.66 

2 1 .91 

1 .64 

'0.01 

'0.02 

'0.00 

'0.02 

99.36 

62.77 

0.64 

0.20 

22.82 

0.62 

2 1 .8 9  

1 . 1 6  

'0.04 

62.67 

0.81 

0.24 

23.42 

0.46 

21 .83 

1 . 1 7  

'0.00 

'0.00 '0.00 

'0.00 '0.01 

'0.03 '0.01 

99.98 1 00.69 

Cations on the basia of 6 oxyge,.. 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

Ca 

Na  

K 

Ni 

Cr 

Total 

Mg N" 

En� 

Fa% 

Wo% 

1 .960 1 .946 1 .938 1 .936 1 .967 1 .963 1 .974 1 .964 

0.069 0.068 0.076 0.081 0.042 0.067 0.028 0.036 

0.007 0.008 0.009 0.007 0 .007 0.006 0.006 0.006 

0.686 0.662 0.742 0.649 0.643 0.686 0.7 1 4  0.731 

0.0 1 8  0.0 1 1 0.0 1 6  0.014 0.017  0.0 1 8  0.0 1 6  0.014 

1 .226 1 .362 1 . 1 63 1 .266 1 .261 1 .227 1 .220 1 .2 1 4  

0.066 0.062 0.066 0.062 0.066 0.066 0.046 0.047 

o.oo4 ·o.oo4 ·o.oo3 ·o.ooo ·o.oo1 ·o.oo1 ·o.oo3 ·o.ooo 

·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo 

·o.oo1 ·o.oo1 o.oo4 ·o.oo2 ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

·o.oo1 ·o.oo1 ·o.oo1 ·o.ooo ·o.oo1 ·o.oo1 ·o.oo1 ·o.ooo 

4.0 1 4  4.008 4.0 1 2  4.014  4.002 4 .0 1 2  4.004 4.0 1 1  

64.14 7 1 . 1 6  6 1 .06 66. 1 1  66.23 64.1 7 63.08 62.42 

61 .99 68.93 69.04 64.04 64.04 62.03 61 .62 60.94 

34.67 27.94 37.66 32.83 32.66 34.63 36.06 36.70 

3.34 3.14 3.30 3.14 3.30 3.34 2.32 2.36 

' lndicateo value w• below the detection limit. 
' Me_.. .-ld et.nd•d deviatiorw •• for core velua Cove detection limit only. 
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Ngamatea lapilli- 1 ,  Bullot Formation 
EMP analyses: orthopyroxene 

SiO, 

AI,O, 

Ti02 

FeO 

M nO 

M gO 

c.o 

N.,o 

K,O 

NiO 

Cr20, 

Tot•l 

62.78 

0.93 

0.32 

20.40 

0.38 

23.80 

1 .60 

"0.01 

"0.01 

·o.oo 

"0.02 

1 00.09 

62. 1 3  

1 . 1 6  

0.26 

2 1 .08 

0.61 

23.23 

1 .6 1  

·o.oo 

·o.o1 

"0.02 

"0.01 

99.86 

62.03 

1 .28 

0.26 

20.91 

0.62 

23. 1 7  

1 .66 

·o.oo 

·o.oo 

·o.oo 

·o.o7 

99.72 

61 .40 

1 .37 

0.20 

21 .96 

0.68 

22.06 

1 .68 

"0.02 

·o.oo 

"0.01 

·o.oo 

99. 1 1 

62.63 

0.76 

0.20 

20.26 

0.63 

23.48 

1 .38 

"0.03 

·o.oo 

·o.oo 

·o.oo 

99. 1 6  

61 .67 

1 .1 4  

0.30 

20.60 

0.62 

23.38 

1 .48 

·o.oo 

·o.oo 

·o.oo 

·o.oo 

98.98 

61 .93 62.49 63.33 

1 .0 1  1 . 14  1 .40 

0.23 0.22 0. 17  

19 .71  20.92 1 7 .26 

0.48 0.68 0.38 

23.90 23.62 26.31 

1 .2 3  1 .44 1 .68 

·o.o2 ·o.o3 ·o.oo 

·o.oo ·o.o2 ·o.o1 

·o.oo ·o.o9 ·o.o4 

·o.02 ·o.o6 ·o.oo 

98.49 100.41 100.64 

61 .67 62.70 

1 .48 1 .46 

0.29 0 . 1 8  

21 .76 1 9.22 

0.48 0.40 

22.28 24.79 

1 .69 1 .34 

"0.03 "0.02 

·o.o2 ·o.oo 

"0.01 "0.02 

·o.o6 ·o.oo 

99.44 100.09 

62.00 

1 .30 

0.31 

20.67 

0.61 

22.38 

1 .43 

"0.03 

·om 

"0.07 

·o.o3 

98.60 

62.26 62.72 62.64 62.31 

1 . 1 6  1 .66 1 .31 1 . 1 6  

0.31 0.21 0.26 0.29 

2 1 .8 1  1 9.33 20.79 20.96 

0.60 0.39 0.48 0.46 

22.37 24.81 23.68 23.32 

1 .64 1 .46 1 .30 1 .66 

·o.o6 ·o.oo ·o.o6 ·o.oo 

·o.o1 ·o.o1 ·o.o3 ·o.oo 

·o.oo ·o. 1 1 ·o.oo ·o.o1 

·o.o2 ·o.o4 ·o.o1 ·o.o6 

99.73 1 00.27 1 00.46 100.01 

62.38 

0.93 

0. 1 8  

20.84 

0.46 

22.82 

1 .62 

"0.01 

·o.oo 

·o.oo 

"0.07 

99.13 

Cations on the bai• of  6 oxygena 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

c. 

N• 

K 

Ni 

Cr 

Tot-' 

Mg N" 

En" 

F." 

Wo" 

1 .963 1 .943 1 .940 1 .940 1 .962 1 .940 1 .949 1 .941 1 .937 1 .936 1 .939 1 .966 1 .962 1 .936 1 .943 1 .943 1 .961 

0.040 0.060 0.066 0.061 0.033 0.061 0.046 0.060 0.060 0.066 0.063 0.068 0.061 0.068 0.067 0.060 0.041 

0.009 0.007 0.007 0.006 0.006 0.008 0.006 0.006 0.006 0.008 0.006 0.009 0.009 0.006 0.007 0.008 0.006 

0.631 0.867 0.662 0.693 0.633 0.644 0.61 9  0.647 0.624 0.683 0.691 0.660 0.676 0.694 0.642 0.661 0.663 

0.0 1 2  0.0 1 6  0.0 1 7  0.0 1 9  0.0 1 7  0.0 1 7  0.0 1 6  0.018 0.0 1 2  0.0 1 6  0.0 1 2  0.016  0.0 1 6  0.0 1 2  0.0 1 6  0.014 0.0 1 6  

1 .3 1 3  1 .291 1 .288 1 .24 1 1 .308 1 .308 1 .337 1 .302 1 .424 1 .247 1 .369 1 .266 1 .246 1 .347 1 .303 1 .292 1 .274 

0.069 0.060 0.062 0.063 0.066 0.069 0.060 0.067 0.066 0.064 0.063 0.068 0.062 0.067 0.061 0.062 0.061 

·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.oo2 ·o.ooo ·o.oo1 ·o.oo2 ·o.ooo ·o.oo2 ·o.oo1 ·o.oo2 ·o.oo4 ·o.ooo ·o.oo3 ·o.ooo ·o.oo1 

·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo 

·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo3 ·o.oo1 ·o.ooo ·o.oo1 ·o.oo2 ·o.ooo ·o.oo3 ·o.ooo ·o.ooo ·o.ooo 

·o.ooo ·o.ooo ·o.oo2 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo2 ·o.ooo ·o.oo2 ·o.ooo ·o.oo1 ·o.oo1 ·o.oo1 ·o.ooo ·o.oo2 ·o.oo2 

4.0 1 7  4.024 4.022 4.023 4.014  4.027 4.021 4.021 4.028 4 .0 1 9  4.022 4 .002 4.01 1 4.020 4 .0 1 8  4.020 4.0 1 0  

67.64 66.27 68.39 94. 1 7  87.39 87.01 88.36 86.80 73.10 94.81 69.69 86.88 84.86 69.40 66.99 66.60 88. 1 1 

86.66 84.29 64.34 82.14 86.63 86.04 88.86 94.91 70.71 82.64 87.86 83.93 82.83 87.42 66.28 94.44 64.08 

31 .60 32.72 32.67 34.70 3 1 .7 1  32.02 30.86 32.26 26.02 34.26 29.61 33. 1 1  34.04 29.73 32. 1 8  32.47 32.86 

2.96 2.99 3.10 3 . 1 6  2.78 2.93 2.49 2.84 3.28 3.21 2.86 2.96 3.1 3 2.86 2.68 3.09 3.07 

· lndicat• value w• below the detection limit. 
' Me.,.. .-'Kt at.nd•d devi.tiorw •• for core veh._... above detection limit only. 

2.81 
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Helwan lapill i, Bullot Formation 
EMP analyses: orthopyroxene 

s;o, 

AJ203 

Ti02 

FeO 

M nO 

MoO 

CaO 

Na,o 

K20 

NiO 

Cr20, 

Total 

6 1 .38 

1 .27 

0.36 

21 .37 

0.43 

22.43 

1 .61  

·o.o2 

·o.o1 

·o.o� 

·o.o6 

98.84 

62.80 

1 .08 

·o.oo 

1 8.03 

0.30 

26.78 

1 .64 

·o.oo 

·o.oo 

·o.oo 

·o.oo 

99.62 

6 1 .98 

1 . 1 0  

0.3 1 

20.72 

0.49 

23.41 

1 .76 

·o.oo 

·o.o1 

·o.o1 

0.1 7 

99.94 

6 1 . 1 4  

1 .62 

0. 1 9  

21 .69 

0.49 

22.63 

1 .68 

·o.oo 

·o.oo 

·o.oo 

·o.1 1 

99. 1 4  

6 1 .86 

1 .00 

0.24 

2 1 .29 

0.46 

23. 16  

1 .49 

·o.oo 

·o.oo 

·o.oo 

·o.o1 

99.47 

60.60 6 1 .33 

2.81 1 .7 7  

·o.o6 o.2s 

21 .96 22.24 

0.47 0.6 1 

21 .40 22.48 

1 .33 1 .60 

·o.1o ·o.oo 

"0.02 "0.02 

·o.oo ·o.o3 

·o.oo ·o.oo 

98.46 1 00.22 

6 1 . 1 3  

1 .30 

0.27 

20.86 

0.67 

22.67 

1 .69 

·o.oo 

·o.oo 

·o.oo 

·o.o6 

98.30 

60.81 

2.24 

0.26 

1 8.92 

0.38 

24.46 

1 .62 

·o.1o 

·o.oo 

·o.o2 

0.1 6 

98.73 

6 1 .76 

1 .30 

0.27 

22.34 

0.61 

22.36 

1 .40 

·o.o2 

·o.oo 

·o.oo 

"0.09 

99.92 

Cations on the b•i• of 6 oxygena 

Si 

AI 
Ti 

Fe 

Mn 

Mo 

c. 
Na 

K 

Ni 

Cr 

Tote! 

Mo N" 

En� 

Fa� 

Wo� 

1 .939 1 .943 1 .936 1 .926 1 .943 1 .9 1 6  1 .9 1 9  1 .938 1 .900 1 .938 

0.066 0.047 0.048 0.072 0.044 0 . 1 26 0.078 0.068 0.099 0.067 

o.o1o ·o.ooo o.oo9 o.oo6 o.oo1 ·o.oo1 o.oo8 o.oo8 0.001 o.008 

0.674 0.666 0.646 0.680 0.667 0.696 0.696 0.661 0.691 0.899 

0.014 0.009 0.0 1 6  0.0 1 6  0.0 1 4  0.0 1 6  0.0 1 9  0.0 1 8  0.0 1 2  0.0 1 6  

1 .262 1 .4 1 4  1 .300 1 .266 1 .293 1 .2 1 0  1 .263 1 .276 1 .363 1 .247 

0.066 0.066 0.070 0.064 0.060 0.064 0.060 0.066 0.061 0.066 

·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo7 ·o.ooo ·o.ooo ·o.oo7 ·o.oo2 

·o.oo1 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo 

·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo 

·o.oo2 ·o.ooo o.oo6 ·o.oo3 ·o.ooo ·o.ooo ·o.ooo ·o.oo2 o.oo4 ·o.oo3 

4.020 4.033 4.029 4.027 4.028 4.0 1 6  4.032 4.023 4.037 4.021 

66. 1 9  7 1 .8 1  66.84 66.04 66.97 63.48 64.32 66.86 69.76 64.08 

63.07 69.62 64.62 62.97 64.01 61 .73 62.40 63.72 67.64 62.29 

33.68 27.29 32.01 33.86 33.02 36.61 34.61 33.03 29.33 34.92 

3.26 3.20 3.47 3 . 19  2.97 2.76 2.99 3.26 3.03 2.80 

• lndlcatea value w• below the detection limit. 
' Me.,... .nd 8tand•d devi•tlorw ere for core veluea ebove detection limit only. 
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Member L 1 7, Bullot Formation 
EMP analyses: orthopyroxene 

Si02 

Al203 

Ti02 

FeO 

M nO 

M gO 

CoO 

No,O 

K20 

NiO 

Cr203 

Totol 

6 1 . 1 7  

1 .66 

0.37 

21 .26 

0.48 

2 1 .72  

1 .64 

·o.oo 

·o.oo 

·o.o1 

·o.oo 

98.2 1 

62. 1 9  

2.72 

0. 1 7  

1 7 .04 

0.36 

26.26 

1 .27 

"0.03 

·o.oo 

·o.oo 

"0.03 

99.01 

62.29 

1 . 1 7  

0.38 

2 1 .62 

0.47 

22.09 

1 .76 

"0.04 

·o.oo 

"0.04 

"0. 1 2  

99.69 

6 1 . 1 0  

1 .89 

0.26 

20.83 

0.46 

22.06 

1 .68 

·o.o6 

·o.oo 

·o.o6 

·o.o3 

98. 1 8  

62.04 

0.88 

0.1 9 

20.60 

0.49 

22.60 

1 .64 

·o.o6 

"0.02 

·o.oo 

"0.04 

96.34 

60.88 

1 .07 

0.24 

22.72 

0.60 

21 .66 

1 .69 

"0.03 

"0.01 

·o.oo 

"0.07 

98.66 

6 1 .66 

1 .36 

0.33 

2 1 .98 

0.68 

21 .34 

1 .73  

·o.oo 

·o.oo 

"0.04 

"0.02 

98.87 

61 .68 

1 .1 4  

0.32 

2 1 .78 

0.49 

2 1 .43 

1 .66 

·o.oo 

·o.oo 

·o.oo 

·o.o6 

98.40 

6 1 .92 

1 .04 

0.26 

20.82 

0.63 

22.64 

1 .66 

·o.oo 

·o.oo 

·o.oo 

"0.09 

98.77 

6 1 .61 

1 . 1 6  

0.26 

21 .24 

0.47 

22.24 

1 .63 

·o.oo 

"0.01 

·o.oo 

·o.oo 

98.60 

Cations on the basis of 6 oxyoerw 

Si 

AI 
Ti 

Fe 

Mn 

Mg 

Co 

No 

K 

Ni 

Cr 

Total 

Mg N" 

En% 

Fe% 

Wo'lf> 

1 .942 1 .920 1 .963 1 .936 1 .963 1 .940 1 .961 1 .966 1 .964 1 .960 

0.074 0.1 1 8  0.062 0.084 0.039 0.048 0.060 0.061 0.046 0.062 

0.0 1 1 0.006 0.010 0.007 0.006 0.007 0.009 0.009 0.007 0.007 

0.676 0.624 0.672 0.660 0.647 0.724 0.696 0.691 0.666 0.672 

0.0 1 6  0.0 1 1  0.0 1 6  0.014 0.0 1 6  0.0 1 6  0.0 1 9  0.0 1 6  0.0 1 7  0.0 1 6  

1 .229 1 .386 1 .231 1 .246 1 .27 1 1 .226 1 .203 1 .2 1 2  1 .266 1 .266 

0.063 0.060 0.07 1 0.064 0.066 0.066 0.070 0.068 0.066 0.066 

�� �� �� �� �� �� �� �00 �� �� 
·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

·o.ooo ·o.ooo ·o.oo1 ·o.oo2 ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo 

·o.ooo ·o.oo1 ·o.oo4 ·o.oo1 ·o.oo1 ·o.oo2 ·o.oo1 ·o.oo2 ·o.oo3 ·o.ooo 

4.009 4.0 1 3  4.004 4.009 4.007 4.026 4 .007 4.006 4.010 4.0 1 7  

64.66 72.66 84.89 86.36 86.27 82.86 63.38 83.69 66.89 86. 1 3  

62.48 70.70 82.36 83.23 84.06 60.82 6 1 . 1 3  6 1 .49 63.70 82.97 

34.32 26.76 34.04 33.62 32.61 36.96 36.32 36.06 32.98 33.72 

3.20 2.66 3.80 3.26 3.33 3.23 3.68 3.46 3.32 3.31 

• Indicates volue wao below the detection limit. 
' Me.,. end etand•d devi•tion. are for core vel..-. above detection limit �y. 

)::.. 
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Member L 1 6, Bullet Formation 
EMP analyses: orthopyroxene 

s;o, 

Al203 

TiO, 

FeO 

M nO 

M gO 

CoO 

No20 

K20 

NiO 

Cr203 

Total 

62. 1 0  

1 .39 

0.34 

20.64 

0.62 

22.49 

1 .73 

"0.02 

"0.01 

"0.01 

·o.oo 

99.21 

6 1 .82 

1 .60 

0.30 

2 1 .46 

0.61 

2 1 .69 

1 .60 

"0.04 

·o.o1 

·o.oo 

"0. 1 4  

98.77 

62.21 

1 .02 

0.26 

21 .28 

·o.oo 

2 1 .99 

1 .68 

·o.oo 

·o.oo 

"0.04 

·o.oo 

98.43 

62.74 

0.88 

0.16 

2 1 .47 

0.62 

22.42 

1 .69 

"0.02 

62.69 

1 .63 

0.28 

1 9.70 

0.44 

23.82 

1 .76 

"0.01 

·o.oo ·o.oo 

·o.o1 ·o.o3 

·o. 1 o  ·o.o6 

99.77 1 00.21 

61 .67 

1 .86 

0.32 

20.29 

0.46 

22.76 

1 .61 

·o.oo 

"0.03 

"0.06 

·o.oo 

98.87 

6 1 .96 

1 .06 

0.26 

22 .08 

0.63 

22.30 

1 .6 1  

"0.02 

62.47 

1 .1 0  

0.26 

21 .64 

0.61 

22.48 

1 .69 

·o.oo 

·o.o3 ·o.oo 

·o.o1 ·o.o6 

·o.oo ·o.oo 

99.78 1 00.06 

Cationa on the buia of 6 oxyge111 

Si 

AJ 

Ti 

Fe 

Mn 

Mg 

c. 
No 

K 

Ni 

Cr 

Total 

Mg N" 

En% 

Fo% 

Wo% 

1 .960 1 .962 1 .970 1 .966 1 .938 1 .937 1 .94 7 1 .964 

0.061 0.066 0.046 0.039 0.071 0.082 0 .047 0.048 

0.009 0.009 0.007 0.004 0.008 0.009 0.007 0.007 

0.646 0.676 0.671 0.669 0.607 0.636 0.692 0.67 1 

0.0 1 1  o.o 1 6  ·o.ooo o.0 1 6  o.014 o.o 1 6  o.o1 1 o.0 1 6  

1 .266 1 .21 8 1 .237 1 .246 1 .309 1 .272 1 .246 1 .248 

0.069 0.061 0.068 0.064 0.069 0.060 0 .066 0.067 

·o.oo1 ·o.oo3 ·o.ooo ·o.oo2 ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo 

·o.ooo ·o.oo 1 ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo 

·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.oo1 

·o.ooo ·o.oo4 ·o.ooo ·o.oo3 ·o.oo2 ·o.ooo ·o.ooo ·o.ooo 

4.007 3.998 3.998 4.004 4.0 1 6  4 .0 1 1  4 .021 4.0 1 1  

66.02 64.31 64.83 66.07 68.32 66.67 64.29 66.03 

63.7 1 62.30 62.60 62.96 66.94 64.63 62.21 62.84 

32.79 34.68 33.96 33.80 30.68 32.32 34.66 33.79 

3.60 3 . 1 2  3.44 3.23 3.48 3.06 3.26 3.37 

• lndicotee vlllue w• below the detection limit. 
' Meane and atanderd deviation. are for core values above detection limit only. 

0.46 

22. 1 9  

1 .66 

·o.o6 
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Shawcroft Tephra, Bullot Formation 
EMP analyses: orthopyroxene (continued ... J 

Si02 

Al;z031 

Ti02 

FeO 

M nO 
M gO 

c.o 

N-,o 

K20 

NiO 

Cr2031 

Tot•l 

61 .70 

1 . 1 8  

0. 1 6  

2 1 .66 

0.49 

2 1 .88 

1 .32 

·o.oo 

'0.02 

·o.oo 

·o.o6 

98.39 

61 .62 

0.98 

0.24 

22.60 

0.69 

2 1 . 1 6  

1 .38 

'0.03 

'0.01 

'0.06 

·o.oo 

98.36 

C•tions on the basia of 6 oxygene 

61 .4 1  

1 .21 

0.30 

21 .78 

0.66 

21 .62 

1 .66 

·o.oo 

'0.01 

·o.oo 

·o.oo 

88.46 

62.01 

1 . 1 7  

0.28 

2 1 .60 

0.63 

2 1 .38 

1 .63 

·o.oo 

'0.02 

·o.oo 

·o.oo 

98.61 

61 .80 

1 .87 

0.29 

1 8.42 

0.39 

23.88 

1 .40 

·o.oo 

·o.oo 

'0.06 

'0.03 

98.06 

61 .86 

1 .06 

0.22 

20.90 

0.66 

22.67 

1 .49 

·o.oo 

·o.oo 

·o.oo 

·o.oo 

88.86 

61 .64 

2.26 

0 . 16  

1 8.31 

0.36 

24.28 

1 .28 

·o.oo 

·o.oo 

'0.03 

'0.02 

99.27 

61 .72 6 1 .79 

2.16 1 .27 

0.17 0.24 

1 8.37 22.78 

0.40 0.66 

23.90 2 1 .74 

1 .66 1 .70 

·o.oo ·o.o6 

·o.oo ·o.oo 

·o.o4 ·o.oo 

'0.07 '0.07 

99.27 100.07 

62. 1 9  

1 . 1 6  

0.22 

22.02 

0.47 

22.29 

1 .69 

'0.01 

'0.03 

·o.o4 

·o.oo 

99.93 

62.68 

1 .09 

0.16 

2 1 .23 

0.46 

22.83 

1 .64 

·o.oo 

·o.oo 

'0.03 

'0.06 

99.98 

62. 1 7  

0.99 

0.20 

21 .30 

0.66 

22.83 

1 .41 

·o.oo 

'0.01 

·o.oo 

'0.01 

99.46 

61 .80 

1 . 1 6  

0.21 

21 .68 

0.48 

22. 1 3  

1 .61  

'0.04 

·o.oo 

'0.09 

'0.01 

88.98 

6 1 .83 

1 .73 

0.21 

1 8.84 

0.43 

23.72 

1 .69 

·o.oo 

·o.oo 

·o.oo 

·o.o6 

98.36 

6 1 .76 

1 . 10  

0.20 

22.09 

0.60 

22.01 

1 .62 

'0.01 

'0.02 

'0.03 

·o.oo 

99.27 

6 1 .79 

1 .37 

0.20 

20.77 

0.37 

22.60 

1 .62 

·o.oo 

·o.oo 

'0.01 

'0.07 

98.62 

62.14 

1 .60 

0.24 

1 8.94 

0.36 

23.63 

1 .73 

'0.04 

·o.oo 

'0.03 

·o.o6 

98.63 

6 1 .7 3  

1 .93  

0.26 

1 9.46 

0.41 

23.66 

1 .60 

'0.03 

'0.01 

·o.o6 

·o.o6 

88.81 

61 .44 62.06 

1 .7 1  1 .06 

0.22 0.17 

1 8.32 2 1 .69 

0.44 0.62 

23.60 22.66 

1 .39 1 .48 

·o.oo ·o.o6 

·o.o3 ·o.oo 

'0.02 '0.03 

·o.o9 ·o.o1 

98.00 88.61 

Si 1 .969 1 .962 1 .962 1 .968 1 .939 1 .966 1 .9 1 8  1 .922 1 .941 1 .960 1 .966 1 .964 1 .962 1 .940 1 .960 1 .961 1 .947 1 .932 1 .936 1 .949 

AI 0.063 0.044 0.064 0.062 0.083 0.047 0.098 0.094 0.066 0.061 0.048 0.043 0.061 0.076 0.048 0.061 0.070 0.086 0.076 0.046 

Ti 0.006 0.007 0.009 0.008 0.008 0.006 0.004 0.006 0.007 0.006 0.004 0.006 0.006 0.006 0.006 0.006 0.007 0.007 0.006 0.006 

Fe 0.686 0.7 1 7  0.692 0.680 0.677 0.668 0.600 0.602 0.7 14 0.688 0.660 0.667 0.683 0.690 0.696 0.664 0.682 0.607 0.608 0.676 

Mn 0.0 1 6  0.0 1 9  0.018  0.0 1 7  0.0 1 2  0.0 1 8  0.0 1 1  0.013 0.017 0.0 1 6  0.0 1 4  0.0 1 8  0.0 1 6  0.014 0.0 1 9  0.012 0.01 1 0.0 1 3  0.014 0.016 

Mg 1 .236 1 .201 1 .224 1 .206 1 .333 1 .272 1 .344 1 .324 1 .216  1 .242 1 .27 1 1 .276 1 .243 1 .324 1 .236 1 .264 1 .310  1 .3 1 1 1 .3 1 9  1 .264 

c. 0.064 0.066 0.063 0.066 0.066 0.060 0.061 0.062 0.068 0.064 0.061 0.067 0.061 0.064 0.061 0 .062 0.069 0.060 0.066 0.069 

N• ·o.ooo ·o.oo2 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo6 ·o.oo1 ·o.ooo ·o.ooo ·o.oo3 ·o.ooo ·o.oo1 ·o.ooo ·o.oo3 ·o.oo2 ·o.ooo ·o.oo4 

K ·o.oo1 ·o.oo1 ·o.oo1 ·o.oo 1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.oo2 ·o.ooo 

Ni ·o.ooo ·o.oo2 ·o.ooo ·o.ooo ·o.oo2 ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.oo3 ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.oo1 ·o.oo1 ·o.oo1 

Cr 

Toul 

Mg N" 

En% 

Fa% 

Wo% 

·o.oo2 ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.oo2 ·o.oo2 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo2 ·o.oo2 ·o.oo2 ·o.oo3 ·o.oo2 

4.009 4.006 4.0 1 2  3.897 4.008 4.0 1 6  4.026 4.022 4.018 4.0 1 6  4.0 1 3  4.020 4.0 1 2  4.014 4.0 1 7  4.010 4.006 4.0 1 6  4.0 1 6  4.0 1 6  

64.31 62.62 63.88 63.84 68.78 66.81 69.14 68.74 62.99 64.36 66.82 66.66 64.64 68.1 7 63.88 66.80 68.87 68.36 68.46 66.1 6  

62.66 60.84 61 .86 61 .78 67.80 63.82 67.37 66.60 60.84 62.28 63.81 63.78 62.66 66.84 62.02 63.84 66.46 66.28 66.62 63.23 

34.72 38.32 34.87 34.84 28.36 33.07 30.08 30.28 36.76 34.60 33. 1 3  33.37 34.37 28.83 34.92 33.03 30.04 30.68 30.66 33.82 

2.73 2.84 3.1 8 3.38 2.86 3.02 2.66 3.1 2 3.41 3.21 3.06 2.86 3.07 3.24 3.06 3.13  3.60 3.03 2.82 2.96 

• lndic•tes vehJe w• below the detection limit. 
' Me.,.. and et.ndard devi•tiorw we for core v-'ua M>ove detection limit only. 
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Shawcroft Tephra, Bullot Formation 
EMP analyses: orthopyroxene ( ... continued} 

Si02 

AJ20, 

Ti02 

FeO 

M nO 

M gO 

c.o 

N•20 

K20 

NiO 

Cr20, 

Tot•l 

Cations 

Si 

AI 
Ti 

Fe 

Mn 

Mg 

c. 

N• 

K 

Ni 

Cr 

Tot•l 

Mg N" 

En'll> 

F.'ll> 

Wo'll> 

• lndicatee velue w• below the detection limit. 
' Me.,... WKt atanderd devi•tiona are for core v.tuea ebove detection limit only. 
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Rotoaira Lapilli 
EMP analyses: orthopyroxene 

Si02 

Al203 

Ti02 

feO 

M nO 

M gO 

CeO 

Ne20 

K20 

NiO 

Cr20, 

Totel 

62.42 

0.94 

0.26 

1 9 . 1 0  

0.62 

24.29 

1 .68 

'0.06 

'0.02 

·o.oo 

·o.o8 

99. 1 9  

62.62 

1 .00 

0.21  

1 8.78 

0.49 

24.44 

1 .76 

·o.oo 

·o.oo 

·o.oo 

·o.oo 

99.29 

62.92 

1 .00 

0. 1 6  

20.01 

0.66 

23.66 

1 .70 

·o.oo 

·o.oo 

'0.04 

'0.06 

99.97 

62.66 

1 .04 

0 . 1 6  

1 9. 1 6  

0.44 

23.97 

1 .68 

'0.04 

·o.oo 

'0.02 

'0.02 

99 . 1 1 

62.36 

1 .24 

0. 1 8  

1 9.66 

0.46 

23.61 

1 .63 

·o.oo 

·o.oo 

'0.02 

'0.06 

99.03 

62.31 

0.91 

0.26 

20.66 

0.61 

22.77 

1 .69 

'0.07 

·o.oo 

·o.oo 

·o.oo 

99.01 

63.03 

1 . 1 0  

'0.10 

1 7 .61 

0.36 

26.02 

1 .87 

'0.03 

·o.oo 

'0.04 

'0.03 

98.87 

62.66 

0.94 

'0. 1 3  

1 8.92 

0.49 

24.06 

1 .83 

·o.oo 

·o.oo 

·o.oo 

'0.01 

98.89 

62.09 

0.93 

0.16 

20.72 

·o.oo 

22.84 

1 .62 

'0.03 

·o.oo 

·o.oo 

·o.oo 

98.36 

62.32 

0.91 

0 . 1 7  

1 9.79 

0.47 

23.33 

1 .7 1  

'0.01 

·o.oo 

·o.09 

'0.06 

98.70 

Cations on the bui• of 6 oxygene 

Si 

AI 
Ti 

Fe 

Mn 

Mg 

c. 

Ne 

K 

Ni 

Cr 

Totel 

Mg N" 

En% 

Fe% 

Wo'llo 

1 .948 1 .962 1 .967 1 .967 1 .962 1 .961 1 .968 1 .969 1 .963 1 .960 

0.041 0 .044 0.043 0.048 0.066 0.040 0.048 0.041 0.041 0.040 

0.007 0.006 0.006 0.006 0.006 0.007 '0.003 '0.004 0.006 0.006 

0.694 0.683 0.6 1 9  0.696 0.609 0.644 0.641 0.689 0.663 0.620 

O.o 1 8  o.0 1 6  0.0 1 1  o .o 1 4  o.0 1 6  o.o 16  0.0 1 1 o.0 1 6  ·o.ooo o.0 1 6  

1 .346 1 .362 1 .304 1 .328 1 .3 1 2  1 .27 3 1 .378 1 .336 1 .283 1 .303 

0.067 0.089 0.067 0.067 0.066 0.088 0.074 0.073 0.066 0.069 

·o.oo4 ·o.ooo ·o.ooo ·o.oo3 ·o.ooo ·o.oo6 ·o.oo2 ·o.ooo ·o.oo2 ·o.oo1 

·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo3 

·o.oo2 ·o.ooo ·o.oo2 ·o.oo1 ·o.oo2 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo2 

4.0 1 9  4 .021 4.0 1 2  4 .0 1 2  4.0 1 3  4.009 4.010 4.0 1 2  4.01 1 4.0 1 2  

89.38 69.87 67.81 69.08 68.30 66.41 7 1 .8 1  69.39 66.27 67.78 

87.07 67.47 86.63 66.73 88.08 84. 1 3  89. 1 4  66.86 84.09 86.41 

29.60 29.09 31 . 1 1  29.90 30.66 32.44 27. 1 6  29.49 32.62 3 1 .1 2  

3.34 3.44 3.37 3.37 3.27 3.43 3.7 1 3.66 3.30 3.46 

• lndicet.,. velue w .. below the detection limit. 
' Me..-. end atendard deviatiorw ere for core v.tun above detection limit onfy. 

):.. 
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Member LS, Bullot Formation 
EMP analyses: orthopyroxene 

Si02 

Al20, 

Ti02 

FeO 

M nO 

M gO 

CoO 

No20 

K20 

NiO 

Cr203 

Toto! 

6 1 .66 

1 . 1 2  

0.32 

20.48 

0.62 

22.41 

1 .64 

"0.04 

·o.oo 

"0.04 

"0.10 

98. 1 6  

62.63 

0.82 

0.22 

20.01 

0.64 

2 3 . 1 3  

1 .69 

·o.oo 

·o.oo 

·o.oo 
·o .oo 

9 8.84 

62.42 

0.98 

0.26 

1 9.60 

0.49 

23.63 

1 .60 

·o.oo 

·o.oo 

·o.oe 

·o.oo 

98.86 

62.36 

0.91  

0.26 

20.68 

0.66 

22.70 

1 .62 

"0.02 

"0.01 
·o.o9 

·o.o6 

99. 1 6  

62. 1 0  

1 .0 1  
·o.o8 

20.92 

0.63 

23.20 

0.82 

"0.01 

·o.oo 

·o.oo 

"0.09 

98.68 

62.60 

0.84 

0 . 1 9  

20.83 

0.68 

22.32 

1 .67 

·o.oo 

·o.oo 

·o.o6 

·o.oo 

98.93 

62.81 

0.96 

0.13 

19.13  

0.46 

23.69 

1 .61 

"0.02 

"0.01 

·o.oo 

"0.01 

98.78 

63.04 

0.82 

0.29 

1 9.34 

0.63 

23.98 

1 .64 

·o.oo 

·o.oo 

·o.oo 

·o.oo 

99.64 

62.29 

0.99 

0.28 

2 1 .48 

0.71 

22.21 

1 .62 

·o.oo 

"0.03 

·o.oo 

·om 

99.68 

62.36 

0.89 

0.29 

21 .04 

0.47 

22.46 

1 .64 

·o.oo 

"0.01 

·o.oo 

·o.oo 

63. 1 3  

0.80 

0.29 

1 9.72 

0.63 

24.07 

1 .84 

·o.o8 

·o.oo 

"0.1 1 

"0.1 1 

99.06 1 00. 1 9  

62.86 

0.79 

0.22 

1 9.21 

0.66 

23.60 

1 .63 

·o.o3 

·o.oo 

·o.oo 

"0.02 

98.96 

62.07 

1 .27 

0.36 

22.27 

0.68 

2 1 .44 

1 .8 1  

·o.oo 

·o.oo 

"0.03 

·o.o8 

99.79 

CatiOfW on the b•i• of 6 oxygelll 

Si 

AI 
T i  

Fe 

Mn 

Mg 

c. 
N o  

K 

Ni 

Cr 

Toto! 

Mg N" 

En% 

Fo% 

Wo% 

1 .963 1 .967 1 .969 1 .960 1 .967 1 .974 1 .968 1 .966 1 .968 1 .966 1 .966 1 .969 1 .962 

0.060 0.036 0.042 0.040 0.046 0.037 0.042 0.036 0.044 0.039 0.036 0.036 0.066 

0.009 0 .006 0.007 0.007 "0.002 0.006 0.004 0.008 0.008 0.008 0.008 0.006 0.010 

0.648 0.627 0.612 0.647 0.667 0.664 0.696 0.689 0.673 0.681 0.607 0.698 0.698 

0.0 1 7  0.0 1 7  0.0 1 6  0.02 1 0.020 0.0 1 8  0.014 0.0 1 7  0.023 0.0 1 6  0.0 1 7  0.021 0.0 1 8  

1 .263 1 .291 1 .31  1 1 .287 1 .299 1 .249 1 .3 1 7  1 .324 1 .240 1 .267 1 .321 1 .31  1 1 . 1 98 

0.088 0.064 0.064 0.066 0.033 0.063 0.064 0.061 0.066 0.062 0.066 0.066 0.073 

·o.oo3 ·o.ooo ·o.ooo ·o.oo2 ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.oo6 ·o.oo2 ·o.ooo 

·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo2 ·o.ooo ·o.ooo ·o.ooo ·o.ooo 
·o.oo1 ·o.ooo ·o.oo2 ·o.oo3 ·o.ooo ·o.oo2 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo3 ·o.ooo ·o.oo1 

·o.oo3 ·o.ooo ·o.ooo ·o.oo2 ·o.oo3 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo3 ·o.oo1 ·o.oo2 

4.006 4 .008 4.01 1 4.007 4.0 1 1  4 .000 4.006 4.010 4.01 1 4.007 4.009 4.006 4.006 

66.09 87.31 68. 1 7  68.20 66.41 66.63 68.84 68.86 84.82 66.64 88.62 88.67 83. 1 9  

63.88 86.14 66.98 64.02 66.31 63.63 66.62 66.73 62.69 83.48 66.28 66.41 60.84 

32.78 3 1 .63 30.80 32.69 33.03 33.27 30.16 30.19 34.02 33.38 30.48 30.29 36.46 

3.34 3.23 3.22 3.29 1 .66 3.20 3.24 3.07 3.29 3.1 3 3.28 3.29 3.7 1 

• lndie•teo volue w• below the detection limit. 
' Me.,.. .nd at.ndard deviatlone are for core value. ebove detection limit only. 
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Member L7b, Bullot Formation 

EMP analyses: orthopyroxene 

Si02 

Al,O, 

Ti02 

FeO 

M nO 

M gO 

c.o 

N•,O 

K,O 

NiO 

Cr202 

Toul 

6 1 .41 

1 .44 

0.28 

20.98 

0.62 

22.04 

1 .61  

"0.01 

·o.oo 

·o.oo 

'0.02 

98. 1 3  

62.43 

1 .04 

0.24 

1 9 . 1 1 

0.49 

24.08 

1 .48 

·o.oo 

·o.oo 

'0.06 

'0.02 

98.83 

62.96 

0.92 

0.29 

1 9. 1 8  

0.49 

24.66 

1 .62 

·o.oo 

'0.01 

63.38 

0.93 

0.22 

1 8.30 

0.43 

26.09 

1 .86 

·o.oo 

·o.oo 

·o.oo ·o.o1 

·o.oo ·o.oo 

99.87 1 00.00 

62.37 

1 .48 

0.29 

1 8.38 

0.49 

24.22 

1 .84 

'0.02 

·o.oo 

"0.01 

'0.01 

98.84 

62. 1 6  

1 .28 

0.23 

21 .28 

0.63 

22.68 

1 .49 

'0.01 

·o.oo 

63.1 3  

0.79 

0.22 

20. 1 3  

0.64 

23.77 

1 .64 

·o.oo 

'0.01 

·o.oo ·o.o1 

·o.o8 ·o.oo 

99.63 100. 1 2  

62.97 

0.80 

0.28 

1 9.00 

0.48 

24.09 

1 .79 

·o.oo 

·o.oo 

62.68 

1 .07 

0.33 

20.34 

0.60 

23.69 

1 .66 

·o.oo 

'0.02 

'0.06 '0.04 

·o.oo ·o.o6 

99.38 1 00.06 

62.78 

0.84 

0.24 

1 9.41 

0.49 

23.84 

1 .41  

'0.01 

'0.01 

·o.oo 

·o.oo 

98.98 

62.82 

1 .09 

0.23 

18.73 

0.60 

24.88 

1 .33 

·o.oo 

·o.oo 

·o.oo 

·o.oo 

99.36 

62.14 

1 . 1 6  

0.23 

20.00 

0.41 

23.68 

1 .32 

·o.oo 

·o.oo 

'0.01 

·o.oo 

98.84 

62.89 

0.79 

0.26 

1 8.78 

0.4 1 

24.72 

1 .46 

'0.04 

'0.01 

·o.oo 

·o.oo 

99.30 

C atione on the bat. of 6 oxygerw 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

c. 

N• 

K 

Ni 

Cr 

Tot•l 

Mg N" 

En" 

Fs" 
Wo" 

1 .960 1 .966 1 .964 1 .967 1 .946 1 .960 1 .963 1 .963 1 .947 1 .986 1 .964 1 .961 1 .968 

0.064 0.046 0.040 0.040 0.066 0.066 0.036 0.036 0.047 0.037 0.047 0.061 0.034 

0.007 0.007 0.008 0.006 0.008 0 .006 0.008 0.007 0.009 0.007 0.006 0.006 0.007 

0.686 0.696 0.691 0.661 0.67 1 0.666 0.622 0.689 0.830 0.606 0.680 0.626 0.681 

0.017  0.016 0.0 1 6  0.0 1 3  0.0 1 6  0.0 1 7  0.0 1 7  0.0 1 6  0.0 1 6  0.016 0.0 1 6  0.0 1 3  0.0 1 3  

1 .246 1 .337 1 .360 1 .37 1 1 .342 1 .269 1 .310  1 .331 1 .303 1 .324 1 .360 1 .316  1 .366 

0.081 0.068 0.060 0.066 0.066 0.060 0.061 0.071 0.066 0.066 0.063 0.063 0.068 

·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo3 

·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

·o.ooo ·o.oo1 ·o.ooo ·o.oo2 ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.oo2 ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

4.010 4.0 1 6  4.0 1 8  4.0 1 3  4.0 1 2  4.0 1 3  4.014  4.01 1 4.017  4 .009 4.0 1 8  4 .0 1 6  4 .0 1 8  

66.20 89. 1 7  89.66 70.96 70. 1 6  86.44 87.81 69.32 67.41 68.84 70.10 67.76 70. 1 4  

83. 1 8  87. 1 6  87.47 68.66 87.86 83.46 86.73 88.86 66.22 66.70 88.24 66.96 68. 1 1 

33.72 29.93 29.64 28.09 28.87 33.62 31 .21 29.68 3 1 .63 30.48 29.10 3 1 .39 28.99 

3.09 2.91 3.00 3.26 3.29 3.02 3.06 3.67 3.26 2.82 2.86 2.66 2.89 

' lndic•t• v.lue w• below the detection limit. 
' Me.,.. .net atendard devl.tion. are for core vah .... above detection limit only. 

):,. 
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Member L6 (pink lapil l i ),  Bullot Formation 

EMP analyses: orthopyroxene 

SiO, 

Al20, 

TiO, 

FeO 

M nO 

M gO 

c.o 

N e,o 

K,O 
NiO 

Cr20, 

Totel 

61 .62 

1 .32 

0.38 

21 .76 

0.46 

21 .87 

1 .62 

"0.07 

·o.oo 

"0.04 

"0.01 

98.90 

62.73 

0.81 

0. 14 

1 9.77 

0.64 

23.74 

1 .47 

·o.oo 

"0.01 

·o.oo 

·o.o6 

99.20 

63.42 

0.72 

0.22 

1 8.74 

0.46 

24.68 

1 .66 

·o.oo 

·o.oo 

·o.oo 

"0. 1 1 

99.78 

62.68 

1 . 1 0  

0.20 

20.04 

0.46 

23.47 

1 .66 

"0.01 

"0.01 

·o.oo 

·o.oo 

99.42 

62.39 

1 . 1 6  

0.31 

20.34 

0.49 

23.06 

1 .62 

·o.o4 

·o.oo 

·o.oo 

·o.oo 

99.36 

62.44 

1 .23 

0.36 

20.06 

0.37 

22.98 

1 .61  

·o.o6 

·o.oo 

·o.oo 

"0.02 

99.04 

62.76 

1 .86 

0.32 

1 7.38 

0.33 

26.28 

1 .62 

"0.02 

"0.01 

·o.o8 

"0.1 1 

99.44 

62.72 

0.96 

0.27 

20.22 

0.69 

23.36 

1 .61  

·o.oo 

·o.oo 

·o.oo 

·o.o6 

99.71 

62.61 

1 .42 

0.21 

1 8.66 

0.40 

62.89 

0.96 

0.29 

1 9.61 

0.49 

24.21 24.44 

1 .64 1 .67 

·o.oo ·o.o4 

·o.oo ·o.oo 

·o.oo ·o.o9 

·o.oo ·o.o1 

98.84 1 00. 14  

62.47 

1 .34 

0.36 

20.20 

0.61 

23.04 

1 .70 

·o.oo 

·o.oo 

·o.oo 

·o.o8 

99.61 

62.71  

1 .04 

0.31 

1 8.79 

0.48 

24.39 

1 .66 

·o.oo 

"0.01 

"0. 1 3  

·o.oo 

99.26 

62.44 

2.46 

0.26 

1 6.60 

0.44 

26.77 

1 .74 

"0.04 

"0.01 

"0. 1 2  

·o.o6 

99.69 

Cations on the basis of 6 oxygena 

Si 

AJ 

Ti 

Fe 

M n  

M g  

c. 

Ne 

K 
Ni 

Cr 

Totel 

Mg H' 
En'JII 

Fe'JII 

Wo'JII 

1 .946 1 .963 1 .966 1 .967 1 .964 1 .968 1 .934 1 .968 1 .962 1 .949 1 .960 1 .963 1 .9 1 8  

0.069 0.036 0.031 0.048 0.061 0.064 0.081 0.04 1 0.062 0.041 0.069 0.046 0.106 

0.01 1 0.004 0.006 0.006 0.009 0.0 1 0  0.009 0.007 0.006 0.008 0.0 1 0  0.008 0.007 

0.687 0 .6 1 6  0.676 0.624 0.834 0.828 0.633 0.828 0.677 0.601 0.828 0.682 0.606 

0.0 1 4  0.017 0.0 1 4  0.0 1 6  0.0 1 6  0.0 1 2  0.010 0.0 1 8  0.013  0.0 1 6  0.0 1 6  0.0 1 6  0.0 1 4  

1 .230 1 .3 1 8  1 .364 1 .302 1 .282 1 .279 1 .382 1 .293 1 .341 1 .342 1 .276 1 .347 1 .406 

0.066 0 .068 0.061 0.062 0.066 0.084 0.060 0.064 0.081 0.062 0.067 0.062 0.088 

·o.oo6 ·o.ooo ·o.ooo ·o.ooo ·o.oo3 ·o.oo3 ·o.oo1 ·o.ooo ·o.ooo ·o.oo3 ·o.ooo ·o.ooo ·o.o 1 o  

·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 

·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo2 ·o.ooo ·o.ooo ·o.oo3 ·o.ooo ·o.oo4 ·o.014 

·o.ooo ·o.oo2 ·o.oo3 ·o.ooo ·o.ooo ·o.oo1 ·o.oo3 ·o.oo2 ·o.ooo ·o.ooo ·o.oo2 ·o.ooo ·o.oo1 

4.01 1 4 .01 1 4.007 4 .0 1 4  4.01 1 4.003 4.009 4.009 4.01 2 4.0 1 8  4.008 4.0 1 2  4.023 

64. 1 6  68.16 70.16 67.60 66.91 67 . 1 4  72. 1 7  87.31 69.92 69.07 67.02 89.83 73.66 

82.08 88. 1 8  68.01 66.49 64.7 1 64.98 89.97 86.14 67.76 66.93 84.74 87.86 7 1 .03 

34.88 30.92 28.93 3 1 .39 32.00 3 1 .79  26.99 3 1 .64 29.16 29.98 3 1 .86 29.23 26.63 

3.28 2.91  3.06 3 . 1 2  3.28 3.26 3.04 3.22 3.08 3.09 3.40 3.1 1 3.44 

• lndicet• velue w• bel- the detection limit. 
' Me.,. .-.et atendard deviatione are for core val"--8 above detection limit only. 
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Member L4, Bullot Formation 

EMP analyses: orthopyroxene 

Si02 

Al203 

Ti02 

FeO 

M nO 
M gO 

CeO 

Ne,o 

K20 

NiO 

Cr203 

Totel 

63.14 

2.62 

0.21 

14.92 

0.29 

27. 1 3  

1 . 1 9  

'0.04 

'0.01 

'0.03 

·o.oo 

99.39 

6 1 .66 

1 .1 9  

0.29 

20.86 

0.62 

2 2.30 

1 .46 

·o.oo 

·o.oo 

·o.oo 

'0.09 

9 8 . 1 6  

62.06 

1 .66 

0.33 

1 9.40 

0.49 

23.38 

1 .47 

·o.oo 

·o.oo 

'0, 10  

·o.oo 

98.68 

62.60 

0.96 

0.31 

1 9.94 

0.61 

22.81 

1 .63 

'0.04 

·o.oo 

'0,06 

'0. 1 2  

98.67 

62. 1 2  

1 .60 

0.34 

1 9 .01  

0.48 

23.83 

1 .73 

'0.02 

·o.oo 

'0.06 

'0.04 

99. 1 1 

62.7 1 

1 .61 

0.24 

1 7 . 1 7  

0.37 

24.83 

1 .70 

·o.oo 

'0.01 

·o.oo 

·o.oo 

98.62 

61 .63 

2.21 

0.36 

1 8.82 

0.46 

23.74 

1 .76 

'0.01 

·o.oo 

'0.07 

'0.08 

98.87 

62.27 

1 .46 

0.28 

1 8.26 

0.44 

23.73 

1 .67 

·o.oo 

·o.oo 

'0.02 

'0.03 

98.08 

63.17 

0.72 

0.20 

1 9.63 

0.49 

23.83 

1 .61 

'0.07 

·o.oo 

·o.oo 

·o.oo 

99.44 

62.76 

0.93 

0.21 

1 9.76 

0.40 

23.70 

1 .66 

'0.03 

'0.01 

'0.09 

'0.03 

99.31 

62.60 

1 .29 

0.30 

1 8.96 

0.61 

23.67 

1 .63 

'0.02 

·o.oo 

·o.oo 

'0. 1 0  

98.76 

61 .70 

1 .38 

'0.03 

1 8.96 

0.42 

23.90 

1 .46 

'0.04 

·o.oo 

·o.oo 

·o.oo 

97.82 

63.70 

1 . 1 6  

0.1 6 

1 4.86 

0.38 

26.60 

1 .78  

'0.01 

'0.03 

·o.o8 

'0.06 

98.63 

62.61 

1 .1 0  

0.28 

1 8.90 

·o.oo 

23.80 

1 .48 

·o.oo 

·o.oo 

'0.06 

'0.04 

98.07 

Cations on the basis of 6 oxygerw 

Si 

Al 

Ti 

Fe 

Mn 

Mg 

c. 

Ne 

K 

Ni 

Cr 

Total 

Mg N" 

En% 

Fe% 

Wo% 

1 .926 1 .962 1 .946 1 .966 1 .938 1 .961 1 .920 1 .966 1 .971 1 .960 1 .966 1 .94 7 1 .966 1 .966 

0.108 0.063 0.069 0.042 0.070 0.070 0.097 0.064 0.031 0.04 1 0.067 0.061 0.060 0.049 

0.006 0 .008 0.009 0.009 0.0 1 0  0.007 0.010 0.008 0.006 0.006 0.008 '0.001 0.004 0.008 

0.462 0.660 0.606 0.624 0.691 0.631 0.686 0.671 0.606 0.614  0.690 0.697 0.466 0.692 

o.oo9 0 .0 1 1  o.0 1 6  o .0 1 6  o.0 1 6  0.0 1 2  o.o15 o.014 o.o16 0.0 1 2  o.0 1 6  o.014 0.0 1 2  ·o.ooo 

1 .466 1 .269 1 .303 1 .273 1 .321 1 .370 1 .318  1 .324 1 .3 1 7  1 .3 1 3  1 .3 1 6  1 .341 1 .446 1 .328 

0.046 0 .069 0.069 0.066 0.069 0.067 0.070 0.067 0.060 0.062 0.061 0.069 0.070 0.069 

·o.oo3 ·o.ooo ·o.ooo ·o.oo3 ·o.oo2 ·o.ooo ·o.oo1 ·o.ooo ·o.oo5 ·o.oo2 ·o.oo1 ·o.oo3 ·o.oo1 ·o.ooo 

·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo 

·o.oo1 ·o.ooo ·o.oo3 ·o.oo1 ·o.oo2 ·o.ooo ·o.oo2 ·o.oo1 ·o.ooo ·o.oo3 ·o.ooo ·o.ooo ·o.oo2 ·o.oo1 

·o.ooo ·o.oo3 ·o.ooo ·o.oo3 ·o.oo1 ·o.ooo ·o.oo2 ·o.oo1 ·o.ooo ·o.oo1 ·o.oo3 ·o.ooo ·o.oo2 ·o.oo1 

4.0 1 3  4 .008 4.007 3.996 4.0 1 4  4 .008 4.016  4.004 4.004 4.008 4.003 4.0 1 9  4.002 4.001 

76.43 66.61 68.26 67.1 1 69.09 72.07 69.22 69.87 68.62 68. 14 69.03 69.20 76.07 69. 1 7  

74.64 63.66 66.21 64.88 66.68 69.61 66.77 87.48 86.46 88.01 88.89 67.16 73.36 67.10 

23.01 33.37 30.79 3 1 .80 29.83 28.98 29.89 29.10 30.62 30.87 30.01 29.89 23.08 29.91 

2.34 2.98 3.00 3.31 3.48 3 .40 3.66 3.41 3.03 3.12 3 . 1 0  2.96 3.66 2.118 

' lndicet• value w• below the detection limit. 
' Me.,. and standerd devlatione we for core v.tuee ebove detection limit only. 
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Member l3 (hokey pokey lapilli), Bullot Formation 

EMP analyses: orthopyroxene 

SiO, 

AJ,o, 

TiO, 

FeO 

M nO 
M gO 

c.o 

N-,o 

K,O 

NiO 

Cr20, 

Tot-' 

64.44 

1 .70 

0.1 3 

1 1 .01  

0.30 

29.88 

1 .60 

'0.01 

'0.01 

'0.10 

0.71 

99.46 

62.37 

2.87 

0.17 

1 6.86 

0.36 

26.66 

1 .76 

'0.07 

'0.01 

'0.07 

0.20 

99.12 

63.79 

1 .82 

0.19 

1 3.81 

0.27 

28.97 

1 .47 

'0.03 

·o.oo 

'0.08 

'0.06 

98.1 2  

62.37 

1 .00 

0.23 

20.08 

0.47 

22.78 

1 .62 

'0.04 

·o.oo 

·o.oo 

·o.oo 

98.43 

63.77 

3.09 

0 . 1 6  

1 1 .70 

0.26 

29.01 

1 .84 

'0.03 

'0.01 

·o.oo 

'0.1 3 

99.60 

62.46 

1 .06 

0.32 

2 1 .01  

0.40 

22.7 1 

1 .80 

·o.oo 

'0.02 

'0.07 

0. 1 6  

99.70 

62.66 

1 .28 

0.34 

20.28 

0.47 

23.26 

1 .77 

'0.02 

·o.oo 

'0.01 

'0.06 

99.93 

64. 1 6  

1 .73  

0 . 1 8  

1 2.08 

0.23 

28.90 

1 .81  

·o.oo 

·o.oo 

'0.07 

0.49 

99.68 

62.20 

1 .10 

0.31 

2 1 .61 

0.60 

22.18 

1 .83 

·o.oo 

·o.oo 

·o.oo 

'0.01 

99.42 

62.44 

1 .03 

0.27 

2 1 .22 

0.34 

22.67 

1 .7 1  

'0.01 

·o.oo 

·o.oo 

·o.oo 

99.68 

62.00 

1 .33 

0.40 

1 9.88 

0.38 

22.74 

1 .9 1  

'0.06 

·o.oo 

'0. 1 2  

0.28 

98.91 

66.09 

1 .94 

0 . 12  

8.28 

0.22 

3 1 .27 

2.48 

'0.01 

'0.01 

'0.03 

0.82 

99.98 

62.74 

0.86 

0.40 

1 6.74 

0.48 

23.49 

1 .68 

'0.02 

'0.02 

'0.01 

'0.07 

98.36 

63.30 

1 .09 

0.18 

1 7. 7 1  

0.44 

26. 1 8  

1 .76 

'0.06 

·o.oo 

'0.07 

0.22 

66.02 

1 .76 

0.14 

1 0.1 9 

0.38 

30.33 

2.1 6 

·o.oo 

'0.01 

'0. 1 2  

0.41 

99.86 100.34 

63.44 

1 .22 

0.27 

1 7 . 1 2  

0.30 

26.40 

1 .84 

'0.04 

'0.01 

·o.oo 

0.22 

99.80 

66. 1 8  

1 .01  

0 . 12  

9.1 6 

0.23 

31 .30 

2.1 1 

'0.03 

'0.01 

'0.07 

0.28 

99.38 

C•tions on the basi• of 8 oxygens 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

c. 

Ne 

K 

Ni  

Cr 

Totll 

Mg .... 

En" 

Fe" 

Wo" 

1 .94 1 1 .9 1 6  1 .983 1 .968 1 .9 1 6  1 .966 1 .948 1 .939 1 .967 1 .969 1 .946 1 .934 1 .991  1 .963 1 .939 1 .966 1 .963 

0.07 1 0.124 0.070 0.044 0 . 1 30 0.047 0.066 0.073 0.048 0.046 0.069 0.080 0.038 0.047 0.073 0.062 0.042 

0.003 0.006 0.006 0.007 0.004 0.009 0.009 0.006 0.009 0.008 0.01 1 0.003 0.0 1 1  0.006 0.004 0.007 0.003 

0.328 0.486 0.421 0.830 0.349 0.666 0.628 0.361 0.876 0.683 0.622 0.243 0.628 0.643 0.300 0.624 0.27 1 

0.009 0.0 1 1  0.008 0.0 1 6  0.007 0.0 1 3  0.016 0.007 0.016 0.0 1 1  0.0 1 2  0.007 0.0 1 6  0.0 1 4  0.01 1 0.009 0.007 

1 .676 1 .394 1 .467 1 .276 1 .64 1 1 .262 1 .286 1 .642 1 .239 1 .267 1 .268 1 .636 1 .322 1 .376 1 .693 1 .388 1 .862 

0.067 0.069 0.068 0.061 0.063 0.064 0.070 0.070 0.066 0.068 0.078 0.093 0.067 0.089 0.081 0.084 0.080 

·o.oo1 ·o.oo6 ·o.oo2 ·o.oo3 ·o.oo2 ·o.ooo ·o.oo2 ·o.ooo ·o.ooo ·o.oo1 ·o.oo4 ·o.oo1 ·o.oo2 ·o.oo4 ·o.ooo ·o.oo3 ·o.oo2 

·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo 

·o.oo3 ·o.oo2 ·o.oo2 ·o.ooo ·o.ooo ·o.oo2 ·o.ooo ·o.oo2 ·o.ooo ·o.ooo ·o.oo4 ·o.oo1 ·o.ooo ·o.oo2 ·o.oo3 ·o.ooo ·o.oo2 

o.o2o o.oo6 ·o.oo1 ·o.ooo ·o.oo4 o.oo4 ·o.oo1 o.o14 ·o.ooo ·o.ooo o.oo8 o.o 1 1  ·o.oo2 o.oo6 o.o1 1 o.oo8 o.oo8 

4.006 4.010 3.992 4.001 4 .0 1 0  4.009 4.0 1 1  4.0 1 1  4.010 4.01 1 4.002 4.0 1 3  3.972 4.0 1 2  4.0 1 2  4 .004 4.0 1 8  

82.77 74.1 9 77.70 68.96 91 .63 86.83 87.17 8 1 .03 84.73 86.47 87.09 87.07 7 1 .48 7 1 .89 84. 1 6  72.67 86.91 

80.37 7 1 .68 76.39 84.87 78.90 83.71 84.80 78.18 62.68 63.23 84.60 82.98 88.98 89.20 80.70 70.21 82.48 

1 8.73 24.90 2 1 .83 32.03 1 7.87 33.08 S1 .87 1 8.30 34.09 33.36 31 .84 1 2.32 27.64 27.33 1 6.20 28.66 1 3.63 

2.91 3.64 2.98 3 . 1 0  3.23 3.23 3.63 3.66 3.33 3.42 3.87 4.72 3.60 3.47 4.10 3.24 3.89 

• lndicet• vllue WM below the detection limit. 
1 Me.-. and atanderd devletiorw •• for core veh.JM above detection limit onfy. 

0.61 

'0.01 

'0.1 1 
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Member L 1 (green ash),  Bullot Formation 

EMP analyses: orthopyroxene 

SiO, 

Al20, 

Ti02 

FeO 

M nO 

M gO 

CoO 

No,o 

K,O 

NiO 

Cr20, 
Totol 

62.61 63.90 63.82 

1 .09 0.87 1 .1 2  

0.34 0. 19  0.26 

20.92 1 8.21 1 6.47 

0.41 0.39 0.31 

22.67 26.26 26.64 

1 .64 1 .61 1 .60 

"0.01 "0.02 "0.03 

·o.oo ·o.o1 ·o.oo 

·o.o3 ·o.o3 ·o.o4 

·o.o3 ·o.o3 o.o8 

98.47 100.33 100. 1 1 

62.42 

0.68 

0.26 

1 9.97 

0.61 

21 .92 

1 .66 

·o.o1 

·o.oo 

·o.oo 

·o.o3 

97.31 

62.90 

1 .33 

0.36 

1 8.48 

0.36 

24.69 

1 .64 

·o.o2 

·o.oo 

·o.oo 

·o.o6 

99.67 

6 3.03 

1 .20 

0 . 1 6  

1 7 . 1 9  

0.37 

26.76 

1 .36 

·o.oo 

·o.oo 

"0.01 

·o.04 

99.06 

63.30 

0.92 

0.24 

1 7 .60 

0.44 

24.81 

1 .61  

·o.oo 

"0.01 

"0.01 

·o.oo 

96.92 

61 .94 

0.89 

0 . 1 8  

22. 1 7  

0.60 

2 1 .7 1  

1 .37 

·o.oo 

·o.oo 

·o.oo 

0 . 1 6  

98.91 

62.66 

0.86 

0.28 

18 . 12  

0.46 

24.71 

1 .43 

·o.oo 

"0.01 

·o.o9 

·o.o4 

96.69 

63.28 

1 .66 

0.24 

1 8. 1 0  

0.38 

24.63 

1 .39 

·o.o2 

"0.02 

·o.o6 

0.09 

99.66 

62.69 

0.82 

0.27 

1 9.46 

0.60 

24.1 1 

1 .66 

"0.02 

·o.oo 

0. 1 3  

·o.oo 

99.7 1 

62.32 

0.93 

0.24 

21 .02 

0.49 

23.26 

1 .64 

·o.oo 

·o.oo 

"0.03 

·o.oo 

99.89 

61 .77 

1 .43 

0 . 1 6  

22.79 

0.42 

22.03 

0.76 

·o.oo 

·o.o2 

·o.o4 

·o.oo 

99.36 

Cations on the b .. ia of 6 oxygena 

Si 

AI 
Ti 

Fe 

Mn 

Mg 

Co 

No 

K 

Ni 

Cr 

Totol 

Mg N" 

En" 

Fd\ 

Wo" 

1 .960 1 .966 1 .962 1 .992 1 .946 1 .962 1 .969 1 .964 1 .962 1 .967 1 .968 1 .949 1 .949 

0.048 0.037 0.048 0.026 0.068 0 .062 0.040 0.039 0.037 0.067 0.036 0.04 1 0.063 

0.009 0.006 0.007 0.007 0.010 0 .004 0.007 0.006 0.008 0.007 0.008 0.007 0 .004 

0.663 0.666 0.600 0.636 0.669 0.629 0.644 0.701 0.662 0.666 0.602 0.666 0.7 1 8  

0.0 1 3  0.012  0.01 0  0.020 0.0 1 1  0 .0 1 2  0.0 1 4  0.0 1 6  0.014 0.0 1 2  0.0 1 6  0.0 1 6  0.0 1 3  

1 .268 1 .373 1 .436 1 .242 1 .360 1 .414 1 .366 1 .224 1 .367 1 .343 1 .331 1 .292 1 .236 

0.066 0.069 0.068 0.063 0.064 0 .063 0.064 0.066 0.067 0.066 0.061 0.066 0.030 

·o.oo 1 ·o.oo1 ·o.oo2 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo2 ·o.oo1 ·o.ooo ·o.ooo 

·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo4 

·o.oo1 ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo3 ·o.oo2 o.oo4 ·o.oo1 ·o.oo6 

·o.oo1 ·o.oo1 o.oo3 ·o.oo1 ·o.oo2 ·o.oo1 ·o.ooo o.oo6 ·o.oo1 o.oo3 ·o.ooo ·o.ooo ·o.ooo 

4.004 4.007 4.0 1 3  3.986 4.010 4 .016 4 .004 4.0 1 0  4.007 4.000 4.0 1 6  4.024 4.0 1 3  

66.79 7 1 .21 74. 1 6  66. 1 7  70.36 72.77 7 1 .62 63.68 70.87 70.72 68.86 66.36 63.26 

63.63 69.10 72.00 64.02 68.08 70.84 69.20 61 .79 68.83 68.73 66.76 64.21 62.30 

33.08 27.93 26.09 32.73 28.69 26.60 27.66 36.39 28.30 28.46 30. 1 9  32.66 36. 1 9  

3.29 2.97 2.91 3.26 3.23 2.66 3.24 2.83 2.87 2.81 3.06 3.23 1 .61  

• lndicotn volue w• bel- the detection limit. 
' Me.,.. end etend•d deviatiorw •• for core vah .. Jea eboYe detection limit only. 
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Poutu Lapilli, Mangamate Tephra 

EMP analyses: olivine 

SiO, 

AJ203 

TiO, 

FeO 

M nO 
M gO 

CoO 

No,O 

K,o 

NiO 

Cr20, 

Totol 

38.23 

·o.o8 

"0.02 

1 8 .47 

0.27 

4 1 .70 

0 . 1 6  

·o.oo 

"0.01 

"0 . 1 6  

·o.oo 

98.82 

37.88 

"0.07 

"0.01 

1 8.04 

0.31 

4 1 .06 

0.16 

·o.oo 

"0.01 

"0. 1 2  

"0.03 

88.66 

Cat ions on the basis of 4 oxygens 

38.31 38.82 38.63 38.77 

·o.o6 ·o.oo ·o.o7 ·o.o6 

·o.o4 ·o.o2 ·o.oo ·o.o2 

18.08 1 9. 10  1 8.04 1 8.98 

0.26 0.28 0.29 0.30 

41 .88 42.26 42.66 41 .34 

0.1 7  0.16 0.16 0. 1 8  

·o.oo ·o.oo ·o.oo ·o.oo 

·o.oo ·o.o3 ·o.o1 ·o.o1 

·o.o1 ·o.o4 ·o.o3 ·o.o6 

"0.01 "0.01 "0.04 "0.03 

99.80 100.60 100.78 100.67 

38.41 38.84 38.67 

"0.21 "0.07 "0.1 1 

·o.oo ·o.o2 ·o.o2 

1 8.61 1 8.40 1 9.10 

0.32 0.33 0.24 

42.26 42. 1 9  41 .86 

0. 1 8  0.16 0.16 

·o.oo ·o.oo ·o.oo 

·o.o1 ·o.oo ·o.oo 

·o.o6 ·o.o6 ·o.o6 

·o.oo ·o.oo ·o.oo 

99.68 1 00.92 100.01 

38.74 

·o.oo 

"0.02 

18.20 

0.23 

4 1 .63 

0.16 

·o.oo 

·o.oo 

"0.06 

·o.oo 

99.96 

37.72 38. 1 2  

·o.oo ·o.o6 

"0.01 "0.01 

21 .98 1 9.44 

0.34 0.30 

38.66 4 1 . 1 2  

0.18 0. 1 6  

·o.oo ·o.oo 

·o.o1 ·o.oo 

"0.04 "0.04 

"0.02 "0.04 

98.87 1 00 . 1 3  

Si 0.990 0.990 0.986 0.989 0.983 0.992 0.986 0.988 0.989 0.994 0.993 1 .002 

AI ·o.oo2 ·o.oo2 ·o.oo2 ·o.ooo ·o.oo2 ·o.oo2 ·o.oo6 ·o.oo2 ·o.oo3 ·o.ooo ·o.ooo ·o.oo2 

r; ·o.ooo ·o.ooo ·o.oo 1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

Fe 0 .400 0.41 6  0.4 1 0  0.407 0.406 0.428 0.398 0.4 1 3  0.410 0.4 1 2  0.484 0.4 1 6  

M n  0 .006 0.007 0.006 0.006 0.006 0.006 0.007 0.007 0.006 0.006 0.008 0.006 

Mg 1 .610 1 .694 1 .609 1 .604 1 .6 1 8  1 .677 1 .6 1 7  1 .600 1 .604 1 .691 1 .6 1 7  1 .669 

c. 0.004 0.004 0.006 0.004 0.004 0.006 0.006 0.004 0.004 0.004 0.006 0.004 

N• ·o .ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

K ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

� ��3 ��� ��1 �001 ��1 ��1 ��1 �001 ��1 �001 ��1 �001 

cr ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 

Totol 3.010 3.010 3.0 1 4  3.0 1 0  3.0 1 6  3.008 3.0 1 3  3.0 1 2  3.012 3.006 3.007 2.997 

Fo% 80.10 79.34 79.69 79.76 79.88 78.66 80.26 79.48 79.64 79.43 76.81 79.04 

• Indicates value w• below the detection limit. 
' Me.-. end at.nd•d deviatione ere for core values above detection limit only. 
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Waihohonu Lapilli, Mangamate Tephra 

EMP analyses: olivine (analyses 1 -20 type [I] non-skeletal; analyses 21 -29 type [11] skeletal) (continued ... J 

SiO, 

AI,O, 

Ti02 

FeO 

M nO 

MoO 

CtO 

No,O 

K20 

NiO 

Cr20� 

Total 

39. 13  

'0.03 

·o.oo 

1 2.72 

0.22 

46.03 

0.17 

·o.oo 

'0.02 

0.18 

·o.oo 

98.44 

39.07 

·o.oo 

·o.o3 

1 3. 1 6  

0. 1 9  

46.61 

0.17  

'0.01 

·o.oo 

'0. 1 2  

·o.oo 

98.09 

C•tions on the basis of 4 oxygens 

39.09 

'0.02 

·o.oo 

1 2.83 

0.24 

46.79 

0.20 

·o.oo 

·o.oo 

0.16 

'0.01 

98.29 

38.76 

'0.06 

·o.oo 

14 .44 

0.36 

44.94 

0.16 

·o.oo 

'0.04 

'0. 1 6  

'0.02 

98.64 

38.74 

'0.01 

'0.03 

1 4 .77 

0.23 

44.63 

0 . 1 3  

'0.02 

·o.oo 

'0. 1 0  

'0. 1 0  

98.60 

39. 1 6  

'0.02 

'0.01 

1 4.67 

0.60 

44.87 

0 . 13  

·o.oo 

·o.oo 

·o.o8 

·o.oo 

99.22 

39.26 

'0.01 

'0.02 

1 2.62 

0.1 8  

46.66 

0.16 

·o.o1 

·o.oo 

'0. 1 4  

'0. 10  

98.68 

38.66 

'0.03 

·o.oo 

1 3.71 

0.24 

46.24 

0.16  

·o.oo 

·o.oo 

0.1 6 

·o.o6 

98.14 

39.36 

·o.oo 

·o.oo 

12.07 

·o.oo 

46.86 

0.17 

·o.oo 

·o.oo 

·o.o9 

'0.06 

98.43 

39.00 

'0.04 

·o.oo 

1 2.91 

0.22 

46.62 

0.17 

·o.oo 

·o.oo 

0.16 

'0.06 

98.07 

39. 1 2  

·o.oo 

·o.oo 

1 2.94 

0.22 

46.91 

0 . 16  

·o.oo 

·o.oo 

0.17  

·o.o6 

98.61 

38.93 

'0.02 

·o.oo 

1 3. 1 8  

0.32 

46.89 

0.1 7 

'0.01 

'0.01 

·o.oo 

'0. 1 3  

98.49 

39.06 

'0.02 

'O.o1 

1 1 .40 

0.21 

46.97 

0.16 

·o.oo 

·o.oo 

0.29 

'0.01 

98.08 

39.03 

'0.01 

'0.01 

14.49 

0.26 

46.00 

0.16 

·o.oo 

·o.oo 

'0. 1 1  

·o.oo 

98.92 

39. 1 7  

·o.oo 

·o.oo 

1 6.44 

0.24 

44.44 

0.16 

·o.oo 

·o.oo 

'0.1 6  

'0.10 

99.46 

38.33 

'0.01 

'0.01 

1 6.22 

0.22 

43.68 

0.16 

·o.oo 

·o.oo 

'0.04 

·o.oo 

98.61 

39.64 

0.07 

'0.01 

1 1 .86 

0. 1 6  

47.21 

0.16  

·o.oo 

·o.oo 

0.26 

'0.03 

99.34 

39.37 

'0.01 

·o.oo 

1 2.7 1 

0 . 18  

46.48 

0 . 1 6  

·o.oo 

·o.oo 

'0.07 

'0.06 

98.89 

38.71 

'0.01 

'0.01 

1 4 .44 

0.21 

44.48 

0.16 

·o.oo 

'0.01 

·o.oo 

0.21 

98.18 

Si 0.990 0.992 0.991 0.988 0.987 0.991 0.988 0.986 0.990 0.991 0.990 0.986 0.986 0.990 0.991 0.986 0.990 0.991 0.990 

AI ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo o.oo2 ·o.ooo ·o.ooo 

Ti ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

Fe 0.269 0.279 0.272 0.307 0.316 0.308 0.263 0.292 0.264 0.274 0.274 0.279 0.241 0.307 0.327 0.349 0.248 0.268 0.309 

Mn o.oo6 o.oo4 o.006 o.oo8 0.006 0.01 1 0.004 o.oo6 ·o.ooo o.oo6 o.oo6 0.001 o.oo4 o.oo6 o.oo6 o.oo6 0.003 0.004 0.004 

Mg 1 .736 1 .723 1 .731  1 .702 1 .696 1 .693 1 .746 1 .720 1 .768 1 .728 1 .732 1 .733 1 .768 1 .701 1 .676 1 .670 1 .767 1 .743 1 .696 

Ct 0.004 0.006 0.006 0.004 0.004 0.004 0.004 0.004 0.004 0.006 0.004 0.006 0.004 0.004 0.004 0.004 0.004 0.004 0.004 

N• ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

K ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

NI o.oo4 ·o.oo2 o.oo3 ·o.oo3 ·o.oo2 ·o.oo2 ·o.oo3 o.oo3 ·o.oo2 o.oo3 o.oo3 ·o.ooo o.oo6 ·o.oo2 ·o.oo3 ·o.oo1 o.oo6 ·o.oo2 ·o.ooo 

er ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo2 ·o.ooo ·o.oo2 ·o.oo1 ·o.oo1 ·o.oo1 ·o.oo1 ·o.oo3 ·o.oo2 ·o.ooo ·o.oo2 ·o.ooo ·o.oo1 ·o.oo1 o.oo4 

Total 3.008 3.003 3.007 3.007 3.006 3.007 3.006 3.010 3.006 3.006 3.008 3.0 1 0  3.009 3.007 3.003 3.0 1 3  3.01 3 3.013 3.013 

Fo" 86.68 86.06 86.42 84.72 84.33 84.61 86.91 86.49 87.38 86.31 86.34 86.13 88.00 84.7 1 83.67 82.7 1 87.63 86.67 84.69 

• lndic.tea value w• below the detection limit. 
• Me.,. and atandwd devietiorw •• for core v.lues above detection limit only. 
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Waihohonu Lapilli, Mangamate Tephra 

EMP analyses: olivine (analyses 1 -20 type [I] non-skeletal; analyses 2 1 -29 type [11] skeletal) r . . .  continued} 

Si02 38.88 38.82 38.26 38.70 39.02 38.73 38.86 38.38 38.33 

Al20, ·o.oo "0.03 "0.02 "0.02 ·o.oo "0.01 ·o.oo "O.Q1 "0.06 

Ti02 ·o.oo ·o.oo "0.01 ·o.oo ·o.oo "0.04 ·o.oo ·o.oo "0.02 

FeO 1 2. 10  1 6.33 1 8.26 16 . 19  1 6.38 1 6.96 1 6.41 1 6.94 16.92 

M nO 0.20 0.23 0.26 0.30 '0. 1 2  0.33 0.29 0.22 0.21 

M gO 46.76 44.40 4 1 .84 44.02 44.01 43.66 43.99 43.83 43.44 

CoO 0 . 17  0.21 0 . 18  0.14 0 . 17  0.20 0 . 1 6  0.20 0.24 

Na,o ·o.oo ·o.oo ·o.oo ·o.oo ·o.oo ·o.oo ·o.oo ·o.oo '0.04 

K,O ·o.oo ·o.oo ·o.oo '0.01 ·o.o2 '0.01 '0.03 '0.01 '0.02 

NiO '0. 1 2  ·o.o7 ·o.o8 '0.04 '0.08 ·o.o8 '0. 1 1  '0. 10  0.16 

Cr20, ·o.oo 0.16  ·o.oo '0.04 0.17  ·o.oo 0.20 ·o.o9 '0.10 

Total 97.08 99. 1 4  98.77 98.36 98.76 98.77 98.89 98.66 98.29 

Cetions on the basia of 4 oxygens 

Si 0.989 0.987 0.989 0.991 0.994 0.991 0.990 0.984 0.986 

AI ·o.ooo '0.001 ·o.ooo '0.001 ·o.ooo ·o.ooo ·o.ooo ·o.ooo '0.001 

Ti ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo '0.001 ·o.ooo ·o.ooo ·o.ooo 

Fe 0.279 0.326 0.396 0.326 0.327 0.341 0.328 0.342 0.342 

Mn 0.004 0.006 0.008 0.007 ·o.oo3 0.007 0.006 0.006 0.006 

Mg 1 .736 1 .683 1 .6 1 3  1 .680 1 .67 1 1 .661 1 .672 1 .676 1 .666 

c. 0.006 0.008 0.006 0.004 0.006 0.006 0.004 0.006 0.007 

No ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo '0.002 

K ·o.ooo ·o.ooo ·o.ooo ·o.ooo '0.001 ·o.ooo '0.001 ·o.ooo '0.001 

Ni '0.003 '0.001 '0.002 '0.001 '0.002 '0.002 '0.002 '0.002 0.003 

Cr ·o.ooo 0.003 ·o.ooo '0.001 0.003 ·o.ooo 0.004 '0.002 '0.002 

Total 3.0 1 3  3.010 3.008 3.007 3 .003 3.006 3 .004 3 .0 1 1  3.007 

Fo� 86. 1 6  83.77 80.33 83.79 83.63 82.97 83.60 83.04 82.116 

L__ 
· lndicat• value w• below the detection limit. 
' Meerw end atanderd devietiorw are for core v•h ... �ve detection limit only. 
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Oturere lapilli, Mangamate Tephra 

EMP analyses: olivine 

Si02 

Al,O, 

Ti02 

FeO 

M nO 

M gO 

CoO 

No,O 

K20 

NiO 

Cr203 

Total 

38.47 

·o.oo 

"0.01 

1 7 .63 

0.29 

4 1 .62 

0.19 

·o.oo 

·o.oo 

·o.o1 

·o.o3 

98.20 

38.32 

"0.04 

·o.o6 

1 9.02 

0.33 

4 1 .47  

0 . 16  

·o.oo 

·o.o3 

·o.o6 

·o.o3 

99.30 

C1tions on the basis: of 4 oxygens 

38.02 

"0.02 

·o.oo 

1 9.61 

0.37 

40.00 

0 . 1 6  

"0.01 

·o.oo 

·o.o3 

·o.o8 

98.06 

38.68 38.97 

·o.o1 ·o.o6 

·o.oo ·o.o1 

1 7.68 1 8.60 

0.36 0.34 

42.00 42.37 

0.18 0.22 

·o.o8 ·o.oo 

·o.o1 ·o.oo 

·o.o2 ·o.oo 

·o.o1 ·o.oo 

98.68 100.60 

38.42 

0.07 

·o.o3 

1 8 .23 

0.26 

42.14 

0.14 

·o.oo 

·o.oo 

·o.o6 

·o.o8 

99.24 

38.63 

"0.06 

·o.oo 

1 8 .61  

0.30 

42.23 

0 . 1 6  

·o.oo 

·o.o3 

·o.o4 

·o.o6 

99.94 

38.42 

·o.o2 

·o.o1 

1 9.06 

0.34 

4 1 .97 

0. 1 8  

·o.oo 

·o.oo 

·o.oo 

"0.07 

99.97 

38.62 

·o.oo 

·o.oo 

1 9.26 

0.30 

4 1 .46 

0.16 

·o.oo 

·o.oo 

·o.o6 

·o.o1 

99.78 

37.86 

·o.o6 

·o.oo 

20.92 

0.41 

39.44 

0.13 

·o.oo 

·o.oo 

·o.o3 

·o.o2 

98.76 

38.43 38.84 

·o.o4 ·o.o2 

·o.o2 ·o.o1 

1 9.63 1 8.66 

0.30 0.23 

4 1 . 1 1  42.32 

0. 18  0.16  

·o.oo ·o.oo 

·o.o1 ·o.o1 

·o.o3 ·o.o9 

·o.o4 ·o.o8 

99.66 1 00.08 

Si 0.998 0.990 0.998 0.996 0.991 0.988 0.988 0.986 0.993 0.992 0.990 0.991 

AI ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.oo2 o.oo2 ·o.oo1 ·o.oo1 ·o.ooo ·o.oo1 ·o.oo1 ·o.oo1 

Ti ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

Fe 0.383 0.4 1 1 0.428 0.379 0.396 0.392 0.398 0.409 0.414 0.468 0.423 0.396 

Mn 0.008 0.007 0.008 0.008 0.007 0.006 0.007 0.007 0.006 0.009 0.007 0.006 

Mg 1 .6 1 0  1 .697 1 .664 1 .6 1 6  1 .606 1 .6 1 6  1 .6 1 0  1 .606 1 .688 1 .641 1 .680 1 .609 

Co 0.006 0.004 0.006 0.006 0.006 0.004 0.004 0.006 0.006 0.004 0.006 0.004 

No ·o.ooo ·o.ooo ·o.ooo ·o.oo4 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

K ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

Ni ·o.oo1 ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.ooo ·o.oo1 ·o.oo1 ·o.oo1 ·o.oo2 

er ·o.oo1 ·o.oo1 ·o.oo2 ·o.ooo ·o.ooo ·o.oo2 ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.oo2 

Total 3.002 3.009 3.003 3.002 3.006 3 .007 3.007 3.0 1 1  3.006 3.004 3.006 3.006 

Fo'll> 80.78 79.63 78.61 80.99 80.22 80.47 80. 1 8  79.69 79.32 77.09 78.88 80.26 

· Indicates v�ue w• below the detection limit. 
' Mearw and atandard deviationa are for core vah ... ebove detection limit My. 
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Pourahu Member [tephra unit] [OT] , Bullot Formation 

EMP analyses: olivine 

Si02 

AJ.o, 
Ti02 

FeO 

M nO 

M gO 

CaO 

Na20 

K20 

NiO 

Cr203 

Total 

Si 

AI 
Ti 

Fe 

Mn 

Mg 

Ca 

Na 

K 

Ni 

Cr 

Total 

Fo'l6 

• Indicates value was below the detection limit. 
• Me.,. •nd standard devi•tio,.. are for core values above detection limit only. 
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Shawcroft Tephra, Bullot Formation 

EMP analyses: olivine 

s;o, 

Al20, 

Ti02 

FeO 

M nO 

M gO 

CaO 

Na,o 

K,O 

NiO 

Cr20, 

Total 

37.77 

·o.o3 

'0.01 

1 8.66 

0.26 

42.06 

0 . 16  

'0.03 

·o.oo 

'0.03 

·o.oo 

98.80 

38. 1 6  

0.67 

0.06 

22.69 

0.37 

36.26 

0.49 

·o.oo 

0.10 

'0.06 

'0.03 

98.78 

Catione on the basis of 4 oxygens 

37.31 

0.08 

'0.03 

22.86 

0.39 

38.62 

0.20 

·o.oo 

·o.o3 

'0.02 

·o.oo 

99.34 

37.89 

'0.02 

·o.oo 

1 9.74 

0.20 

40.32 

0.16 

·o.oo 

·o.oo 

'0.08 

·o.oo 

98.31 

38.07 

'0.01 

·o.oo 

1 8.66 

0.29 

41 .66 

0.1 7 

'0.03 

'0.01 

·o.oo 

'0.02 

98.84 

37.64 

·o.oo 

·o.oo 

22.31 

0.32 

38.61 

0 . 1 6  

·o.oo 

·o.oo 

'0.03 

'0.04 

99.03 

37.66 

'0.03 

'0.02 

2 1 .7 1  

0.28 

38.92 

0.14 

'0.03 

·o.oo 

·o.oo 

'0.02 

98.69 

38.08 

'0.03 

'0.02 

1 9.34 

0.28 

4 1 .30 

0.13  

·o.oo 

·o.oo 

'0.03 

'0.02 

99.1 3 

37.87 

0.06 

'0.02 

22.60 

0.39 

38.70 

0.17 

·o.oo 

38.66 

0.04 

'0.03 

20.33 

0.26 

4 1 .22 

0.1 1 

'0.02 

·o.oo ·o.oo 

'0.06 '0.03 

·o.oo ·o.o6 

99.68 100.61 

37.37 

'0.01 

'0.01 

22.66 

0.42 

38.40 

0. 16  

'0.00 

'0.01 

'0.04 

·o.oo 

98.99 

37.86 

'0.02 

'0.01 

20.23 

0.28 

40.46 

0. 1 2  

·o.oo 

·o.oo 

'0.03 

·o.oo 

98.96 

37.64 

·o.oo 

'0.01 

23.06 

0.40 

37.96 

0.17  

·o.oo 

'0.01 

'0.01 

'0.04 

99. 1 2  

38.08 

0.06 

·o.oo 

1 8.06 

0.32 

41 .67 

0 . 1 3  

·o.oo 

'0.01 

·o.oo 

'0.06 

98.30 

38. 1 8  

·o.oo 

'0.02 

1 9.48 

0.34 

40.94 

0 . 16  

·o.oo 

'0.01 

'0.01 

'0.04 

99.09 

38.42 

'0.02 

'O.o1 

1 8.41 

0.32 

42.26 

0.16 

·o.oo 

·o.oo 

·o.oo 

0.09 

99.66 

Si 0.980 1 .007 0.983 0.992 0.987 0.991  0.992 0.987 0.988 0.989 0.987 0.988 0.992 0.993 0.999 0.986 

AI ·o.oo1 0.021 o.oo3 ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 o.oo2 o.oo1 ·o.ooo ·o.oo1 ·o.ooo o.oo2 ·o.ooo ·o.oo1 

Ti ·o.ooo o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

Fe 0.403 0.601 0.603 0.432 0.404 0.491 0.478 0.4 1 9  0.496 0.436 0.600 0.442 0.609 0.391 0.420 0.602 

Mn 0.006 0.008 0.009 0.006 0.006 0.007 0.006 0.006 0.009 0.006 0.009 0.006 0.009 0.007 0.007 0.008 

Mg 1 .626 1 .427 1 .6 1 2  1 .674 1 .6 1 0  1 .6 1 6  1 .628 1 .696 1 .6 1 2  1 .676 1 .6 1 2  1 .673 1 .494 1 .6 1 0  1 .67 1 1 .6 1 2  

c. 0.004 0.014 0.006 0.004 0.006 0.004 0.004 0.004 0.006 0.003 0.004 0.003 0.006 0.003 0.004 0.006 

N• ·o.oo2 ·o.ooo ·o.ooo ·o.ooo ·o.oo2 ·o.ooo ·o.oo2 ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

K ·o.ooo o.oo3 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

Ni ·o.oo1 ·o.oo1 ·o.ooo ·o.oo2 ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.oo1 ·o.oo1 ·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

er ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.oo1 ·o.oo1 o.oo2 

Total 3.0 1 9  2.982 3.0 1 6  3.007 3.01 2  3.008 3.008 3.0 1 2  3.01 2 3.01 1 3.0 1 2  3.0 1 2  3.009 3.006 3.001 3.014 

Fo" 80.1 4  74.01 76.04 78.46 79.94 76.62 76. 1 7  79.21 76.30 78.33 76.1 6 78.06 74.69 80.46 78.91 76.07 

· lndicatn value w• below the detection limit. 
• Mearw end atandwd devi•tions are for core veluea above detection limit only. 
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Rotoaira Lapil l i  

EMP analyses: olivine 

SiO, 39.60 39.09 

AJ,o, '0.01 '0.02 

Ti02 ·o.oo ·o.oo 

1'110 14.66 1 3.89 

M nO 0.22 0.29 

M gO 46.16 46.04 

CaO 0 . 1 6  0. 1 6  

Na,o ·o.oo ·o.oo 

K,O ·o.oo '0.01 

NiO 0 . 18  0 . 18  

Cr20, '0.02 ·o.oo 

Total 98.86 99.64 

C1tione on the basis of 4 oxygens 

Si 0.993 0.984 

AI ·o.ooo '0.001 

Ti '0.000 ·o.ooo 

Fo 0.308 0.282 

Mn 0.006 0.006 

Mg 1 .693 1 .726 

Ca 0.004 0.004 

Na '0.000 ·o.ooo 

K ·o.ooo ·o.ooo 

Ni 0.004 0.004 

Cr '0.000 ·o.ooo 

Total 3.007 3.0 1 6  

Fo% 84.61 86.63 

· lndic•t• value w• below the detection limit. 
' Me.,.. and atandard devietiorw are for core velues above detection limit only. 
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Member l3 (hokey pokey lapilli), Bullot Formation 

EMP analyses : olivine 

SiO, 

Al10, 

TiO, 

FeO 

M nO 

M gO 

CeO 

Ne,O 

K,O 

NiO 

Cr20, 

Total 

39. 1 6  

'0.06 

·o.oo 

1 6.66 

0.34 

43.66 

·o.oo 

·o.oo 

'0.01 

·o.oo 

'0.03 

99.7 1 

38.22 

'0.01 

'0.01 

1 6.66 

0.24 

43.34 

0. 1 7  

'0.02 

'0.01 

0.26 

·o.oo 

98.76 

C1tiocw on the basis of 4 oxygene 

39.06 

'0.01 

'0.01 

1 6.84 

·o. 1 7  

43.38 

0 . 1 7  

·o.oo 

·o.oo 

0.28 

'0.02 

99.72 

38.63 

'0.01 

'0.01 

1 6.87 

'0.20 

42.74 

0.16 

·o.oo 

·o.oo 

0.27 

'0.01 

98.68 

38.96 

'0.01 

'0.01 

1 6.48 

0.22 

43.04 

0.16 

'0.04 

'0.01 

0.28 

'0.01 

99. 1 3  

38.98 

'0.01 

·o.oo 

1 6.64 

0.26 

43.21 

0.16  

·o.oo 

·o.oo 

0.24 

'0.03 

99.37 

38.66 

'0.02 

·o.o6 

1 6.84 

0.23 

43.21 

0 . 1 6  

·o.oo 

·o.oo 

0.31 

'0.02 

99.28 

38.23 

'0.02 

·o.oo 

1 6.77 

0.28 

42.96 

0 . 1 6  

·o.oo 

·o.oo 

0.27 

·o.oo 

98.67 

38.99 

·o.oo 

'0.01 

1 6.62 

0.31 

43.66 

0.14 

·o.oo 

·o.oo 

0.34 

·om 

98.96 

38.97 

·o.oo 

'0.02 

1 6.38 

'0. 1 8  

43. 1 3  

0.17 

·o.oo 

·o.oo 

·o.o6 

·o.oo 

98.62 

38.84 

'0.03 

·o.oo 

1 6.29 

0.29 

43.67 

0 . 16  

·o.oo 

·o.oo 

0.26 

'0.02 

99.39 

38.88 

·o.o6 

'0.06 

1 6.26 

0.23 

42.36 

0.1 2 

·o.oo 

·o.oo 

0.26 

·o.oo 

98.09 

38.92 

·o.oo 

·o.oo 

1 6.94 

0.22 

43.32 

0.14 

·o.oo 

·o.oo 

0.26 

·o.o1 

99.81 

39.08 

'0.04 

·o.oo 

16.66 

0.26 

43.20 

0.17  

·o.oo 

'0.02 

0.29 

·o.oo 

99.66 

39.02 

·o.oo 

·o.oo 

1 6.67 

0.26 

43.41 

0. 1 6  

·o.o4 

·o.oo 

0.30 

·o.oo 

99.81 

38.84 

0.07 

'0.04 

1 6.66 

0.26 

43.86 

0 . 1 7  

·o.oo 

·o.oo 

0.26 

·o.oo 

99.1 1 

Si 0.994 0.983 0.992 0.991 0.996 0.994 0.986 0.986 0.996 0.997 0.990 1 .002 0.991 0.994 0.992 0.990 

AJ ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo1 ·o.oo2 ·o.ooo ·o.oo1 ·o.ooo o.oo2 

Ti ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.oo ·o.ooo ·o.oo1 

Fe 0.361 0.366 0.368 0.363 0.362 0.363 0.360 0.362 0.333 0.360 0.347 0.360 0.361 0.364 0.364 0.334 

Mn 0.007 0.006 '0.004 '0.004 0.006 0.006 0.006 0.006 0.007 '0.004 0.006 0.006 0.006 0.006 0.006 0.006 

Mg 1 .661 1 .662 1 .643 1 .639 1 .640 1 .643 1 .648 1 .661 1 .668 1 .646 1 .666 1 .627 1 .644 1 .639 1 .646 1 .668 

c. ·o.ooo o.oo5 o.oo5 o.oo4 o.oo4 o.oo4 o.oo4 o.oo4 o.oo4 o.oo5 o.oo4 o.oo3 o.oo4 o.oo5 o.oo4 o.oo5 

N• ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.oo2 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo2 ·o.ooo 

K ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo 

Ni ·o.ooo o.oo5 o.oo8 o.oo8 o.oo6 o.oo6 o.oo8 o.oo6 0.001 ·o.oo1 o.oo5 o.oo5 o.oo5 o.oo6 o.oo8 o.oo5 

er ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.ooo 

Tot81 3.003 3.0 1 6  3.004 3.003 3.003 3.004 3.009 3.014 3.004 2.997 3.007 2.992 3.010 3.003 3.007 3.008 

Fo'l6 82.47 82.38 82.1 1 8 1 .87 82.33 82.31 82.07 82.02 83.27 82.46 82.87 82.30 82.00 82.24 82.29 83.30 

• Indicates v-'ue w• �ow the detection limit. 
' Meen� and atenderd devi1tiocw are for core velun .t>ove detection limit My. 
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Oturere Lapilli, Mangamate Tephra 

EMP analyses:  hornblende 

Si02 4 1 .66 4 1 .61  

Al20s 1 1 .70 1 1 .79 

Ti02 2.76 3.04 

FeO 1 2.88 1 2.83 

M nO 0 . 1 6  0.26 

M gO 1 2.93 1 3.23 

CoO 1 1 .73  1 1 .67 

No,O 2.29 2.34 

K,o 0.49 0.49 

Total 96.49 97 . 1 3  

Cationa on t he  b•i• of 2 3  oxygena 

Si 6.237 6.202 

AI 2.069 2.071 

Ti 0.3 1 1  0.341 

Fe 1 .6 1 6  1 .699 

Mn 0.020 0.031 

Mg 2.894 2.939 

Co 1 .887 1 .847 

No 0.667 0.676 

K 0.094 0.093 

Totol 1 6.796 1 6.798 

Mg N" 64. 1 7  64.76 64.99 

.. lndicat• value w• betow the detection limit. 
' Me..,. and aundwd devietione •• for core v-'ues above detection limit only. 
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Te Rato Lapilli, Mangamate Tephra 

EMP analyses: hornblende (continued ... J 

s;o, 

Al203 

Ti02 

FeO 

M nO 

MoO 

CoO 

No,O 

K20 

Totol 

42.92 

1 1 .46 

1 .43 

1 4.69 

0.33 

1 2.21 

1 0.94 

1 .96 

0.40 

96.32 

43.46 

1 1 . 1 8  

1 .69 

1 4.62 

0.61 

1 2.63 

10.93 

2.03 

0.42 

97.36 

C•tions on the basia of 23 oxygerw 

Si 

AI 

Ti 

Fe 

Mn 

Mo 

Co 

No 

K 

6.467 

2.031 

0 . 1 6 1  

1 .848 

0.042 

2.738 

1 .763 

0.672 

0.076 

6.467 

1 .961 

0 . 189 

1 .806 

0.064 

2.802 

1 .742 

0.687 

0.080 

43.16 

1 1 .02 

1 .64 

1 4 .39 

0.46 

1 2 .47 

1 0 .82 

1 .88 

0.37 

96.08 

6.497 

1 .966 

0 . 1 76 

1 .8 1 2  

0.068 

2.798 

1 .746 

0.649 

0.07 1 

43.67 

1 1 .1 6  

1 .78 

1 4 . 1 6  

0.47 

1 2.47 

10.87 

2.10 

0.39 

97.04 

6.600 

1 .967 

0.200 

1 .761 

0.069 

2.768 

1 .733 

0.604 

0.074 

42.74 

1 1 . 1 7  

1 .79 

1 4.61 

0.42 

1 2.37 

1 0.78 

1 .96 

0.42 

96.26 

6.437 

1 .983 

0.203 

1 .840 

0.064 

2.778 

1 .739 

0.668 

0.081 

42.82 

1 1 .73 

1 .77 

1 4.14 

0.31 

1 2.62 

1 1 .40 

2.04 

0.43 

97.27 

6.378 

2.069 

0 . 1 98 

1 .762 

0.040 

2.902 

1 .920 

0.690 

0.081 

42.66 

1 1 . 1 6  

1 .63 

14.34 

0.62 

1 2.40 

1 1 . 1 4  

1 .86 

0.31 

96.98 

6.426 

1 .986 

0 . 186 

1 .8 1 2  

0.080 

2.791 

1 .803 

0.642 

0.069 

42.39 

1 1 . 16  

1 .86 

1 2.69 

0.24 

14.1 2 

1 1 .09 

2.00 

0.36 

96.79 

6.362 

1 .973 

0.210 

1 .679 

0.030 

3.168 

1 .793 

0.683 

0.067 

42.06 

1 1 .36 

1 .63 

14.40 

0.26 

1 2.26 

1 1 .03 

1 .99 

0.36 

96.24 

6.401 

2.038 

0.176 

1 .833 

0.033 

2.781 

1 .798 

0.686 

0.071 

43.08 

1 0.7 1 

1 .69 

1 4 .61 

0.69 

1 2 .94 

1 0.70 

1 .78 

0.36 

96.36 

6.474 

1 .888 

0 . 191  

1 .823 

0.076 

2.899 

1 .723 

0 .6 1 9  

0.070 

42.76 

1 0.78 

1 .68 

1 4.1 1 

0.64 

1 2.80 

1 0.66 

1 .82 

0.29 

96.33 

6.486 

1 .926 

0 . 181  

1 .789 

0 .070 

2.893 

1 .731 

0.634 

0.066 

41 .86 

1 2.06 

1 .62 

1 4.36 

0.34 

1 2. 1 8  

1 1 .46 

1 .94 

0.46 

96. 14 

42.73 

1 1 .03 

1 .73 

1 3.94 

·o.oo 

1 2.66 

1 1 .1 3  

1 .94 

0.36 

96.60 

6.323 6.462 

2.147 1 .966 

0.1 73 0. 1 96 

1 .8 1 3  1 .762 

0.044 '0.000 

2.743 2.862 

1 .863 1 .802 

0.667 0.670 

0.087 0.069 

43.36 

1 0.27 

1 .61 

1 2.96 

0.16 

1 4.01 

1 1 .66 

1 .97 

0.34 

96.10 

6.496 

1 .8 1 4  

0 . 1 70 

1 .624 

0.0 1 9  

3 . 1 29 

1 .866 

0.671 

0.064 

42.76 

1 0.96 

1 .78 

14 .69 

0.67 

1 2.66 

1 0.79 

2.08 

0.37 

96.63 

6.427 

1 .942 

0.201 

1 .847 

0.073 

2.8 1 2  

1 .738 

0.607 

0.07 1 

4 1 .68 

1 1 .78 

1 .86 

1 3.86 

0.22 

1 2.60 

1 1 .49 

1 .97 

0.46 

96.70 

6.302 

2 . 104 

0.2 1 1  

1 .766 

0.028 

2.826 

1 .866 

0.680 

0.089 

43. 19  

1 0.92 

1 .49 

1 4.23 

0.42 

1 2.96 

1 0.98 

0.67 

0.36 

96.10 

6.636 

1 .946 

0.170 

1 .800 

0.064 

2.922 

1 .779 

0.166 

0.067 

42.73 

1 1 .41  

1 .7 1  

14 . 14  

0.47 

1 2.81 

10.94 

0.60 

0.38 

96.1 9  

6.462 

2.034 

0.196 

1 .788 

0.060 

2.888 

1 .772 

0.177 

0.073 

44.1 7  42.99 

1 0.43 1 1 .06 

1 .63 1 .64 

1 3.86 14.64 

0.64 0.61 

1 3.36 1 2.77 

1 0.76 10.86 

0.46 0.67 

0.34 0.37 

96.40 86.31 

6.629 6.600 

1 .846 1 .9 7 1  

0 . 1 72 0 . 187  

1 .738 1 .839 

0.068 0.066 

2.886 2.879 

1 .726 1 .768 

0 . 1 32 0. 1 68 

0.066 0.072 

Toto! 1 6.688 1 6.698 1 6.660 1 6.666 1 6.683 1 6 .730 1 6.683 16.746 1 6.716 1 6.673 1 6.666 1 6.760 1 6.678 1 6.743 1 6 . 7 1 8  1 6.761 1 6.439 1 6.460 1 6.363 1 6.440 

Mg N' 69.70 60.81 60.69 6 1 . 1 2  60.1 6  6 1 .39 60.63 66.67 

• lndic•tes vatue w• below the detection limit. 
' Me.,.. and atanderd devietiorw are for core v•lues •bove detection limit onty. 

60.27 6 1 .39 6 1 .79 60.21 6 1 .81 66.83 60.36 61 .67 6 1 .88 6 1 .76 63.21 6 1 .02 
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Te Rato Lapilli, Mangamate Tephra 

EMP analyses: hornblende ( . . .  continued) 

Si02 

Al203 

Ti02 

FeO 

M nO 

M gO 

CaO 

Na20 

K20 

Total 

42.77 

10.80 

1 .80 

14.82 

0.69 

1 2.77 

10.32 

1 . 1 0  

0.39 

96.36 

43.04 

1 1 .26 

1 .72 

1 4 . 1 6  

0.43 

1 2.88 

10.87 

1 .40 

0.38 

96. 1 3  

Cations on the basis of 2 3  oxygens 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

c. 

Ne 

K 

Total 

Mg N" 

6.486 

1 .931 

0.206 

1 .879 

0.076 

2.887 

1 .677 

0.322 

0.076 

1 6.637 

60.67 

6.469 

1 .992 

0 . 1 94 

1 .776 

0.066 

2.882 

1 .748 

0.409 

0.072 

1 6.687 

81 .87 

43.40 

1 1 .04 

1 .79 

1 3.94 

0.61 

1 3 . 1 0  

10.80 

1 .28 

0.42 

96.27 

6.494 

1 .947 

0.201 

1 .744 

0.066 

2.921 

42.83 

1 1 .60 

1 .30 

1 6.66 

0.49 

1 2.37 

1 0.62 

1 .68 

0.36 

96.60 

6.441 

2.037 

0 . 1 47 

1 .967 

0.062 

2.773 

42.72 

1 1 .69 

1 .73 

1 4.23 

0.42 

1 2.82 

1 0.92 

1 .70 

0.41 

96.63 

6.399 

2 .046 

0 . 1 94 

1 .782 

0.063 

2.862 

1 .731 1 .7 1 1  1 .763 

0.372 0.461 0.493 

0.081 0.069 0.079 

1 6.666 1 6.668 1 6.661 

62.62 68.63 6 1 .63 

lndicatee value w• below the detection limit. 

43. 1 1  

1 0.99 

1 .74 

1 2.76 

0.20 

1 4 . 1 7  

1 1 . 1 3  

1 .7 1  

0.36 

96. 1 6  

6.437 

1 .936 

0.196 

1 .693 

0.026 

3 . 1 64 

1 .7 8 1  

0.494 

0.066 

1 6.681 

66.44 

' Means and standard deviationa ere for core vahJes above detection limit only. 

42.69 

1 2.01 

1 .68 

1 3. 1 7  

0.33 

1 2.74 

1 0.96 

1 .74 

0.44 

96.66 

6.406 

2 . 1 29 

0 . 1 9 1  

1 .666 

43.29 

1 1 . 1 6  

1 .32 

1 3.32 

"0.04 

1 3 .60 

1 1 .34 

1 .62 

0.31 

96.94 

6.479 

1 .967 

0.148 

1 .667 

0.042 "0.004 

2.966 3.036 

43.03 

1 1 .68 

1 .40 

1 6.29 

0.60 

1 2.69 

1 0. 1 4  

2.06 

0.37 

97.04 

6.433 

2.041 

0 . 1 67 

1 .9 1 2  

0.076 

2.907 

1 .767 1 .8 1 8  1 .624 

0.608 0.470 0.693 

0.093 0.069 0.070 

1 6.636 1 6.643 1 6 .7 1 3  

63.29 64.66 69.49 

1 2.07 

1 .88 

1 2.67 

0.1 6 

1 1 . 1 1  

2.06 

0.29 

6.3 1 0  6.448 §.��:, 
2.007 . " 1 ;99(  : 10;0"6"71. 

0.204 > M;�t id�MW 
1 .648 > < i;%� ,J1�1F 
0.0 1 9  

3.224 

o.o66 .K�11F 
2.868 �;ip�) . 

1 .739 ·.·. 1 .760 �.�9( 
0.680 _, •••. A�?� · .�,l1h 
o.o64 ., ••••.•.. o_,o13 • -·:·to::®.ev·· 

1 6.686 / ,�-�38 �:i�;r 
67.66 : 111 :63 j{�2 J > 

):.. 
1\.) 
0) 
0) 



Pahoka Tephra 

EMP analyses: hornblende (continued ... ) 

Si02 

Al203 

Ti02 

FeO 
M nO 

M gO 

CoO 

No,o 

K,o 

Total 

42.87 

1 1 .01  

1 .66 

1 2 .88 

·o.oo 

1 3.82 

1 1 .30 

1 .84 

0.26 

96.61 

43. 1 1  

10.69 

1 .87 

1 2.42 

0.23 

1 4.33 

1 1 .32 

1 .87 

0.30 

86. 1 4  

41 .63 

1 2.29 

1 .68 

14.04 

0.29 

1 2.79 

1 1 .60 

2.16 

0.42 

96.80 

40.88 

1 2.34 

1 .70 

1 6.04 

0.46 

1 1 .60 

1 1 .68 

2.16  

0.43 

96.06 

41 .99 

1 1 .79 

1 .70 

1 1 .97 

0.1 6 

1 4.40 

1 1 .76 

2.07 

0.37 

96. 1 8  

4 1 .86 

1 1 .98 

1 .68 

14 .68 

0.29 

1 2.46 

1 1 . 14  

2.06 

0.36 

96.29 

42. 1 9  

1 1 .67 

1 .32 

1 4 .47 

2.76 

1 2 .24 

1 1 .02 

1 .81  

0.68 

97.94 

41 .64 

1 2.66 

0.96 

16 . 18  

0.42 

1 1 .20 

10.63 

2.09 

0.31 

96.98 

41 .36 

1 2.27 

2.00 

1 2.67 

"0.12 

1 3.30 

1 1 .21 

2.33 

0.39 

96.42 

42.24 

1 2. 1 1 

1 .61  

1 6. 14  

0.41 

1 2.01 

10.44 

1 .93 

0.37 

96.24 

4 1 .1 6  

1 3.04 

1 .42 

1 6 . 1 3  

0.46 

1 1 .33 

10.87 

2.01 

0.36 

96.76 

42.68 

1 2.23 

1 .36 

16 . 14  

0.38 

1 1 .96 

10.82 

2.02 

0.46 

97.03 

42.66 

1 1 .97 

1 .61  

1 6.26 

0.39 

1 1 .73 

1 1 . 1 8  

2.08 

0.37 

97.02 

42.76 

1 1 .61  

1 .42 

14.46 

0.26 

1 2.43 

1 1 . 1 3  

2.20 

0.40 

96.63 

44.46 

10.69 

0.93 

1 4.73 

0.43 

1 2.78 

1 0.39 

1 .87 

0.30 

96.47 

4 1 .66 

1 2.26 

1 .97 

14 .02 

0.27 

1 2.48 

1 1 .30 

2.29 

0.36 

96.60 

42.29 

1 1 .82 

1 .72 

14.22 

0.39 

1 2.21 

1 1 . 16  

2.06 

0.36 

96.23 

42.84 

1 2.04 

1 .60 

14.17  

0.39 

1 2.14 

1 1 .28 

2.03 

0.32 

96.80 

4 1 .41 

1 2.34 

0.76 

14 .38 

0.36 

1 1 .89 

1 1 .4 1  

2.06 

0.41 

96.01 

C1tions on the basis of 23 oxygens 

Si 
AI 

Ti 

Fe 

Mn 

Mg 

Co 

No 

K 

Tot-' 

Mg N" 

6.447 6.437 6.236 6.226 6.279 6.314 6.324 6.337 6.244 6.369 6.226 6.388 6.376 6.4 1 8  6.643 6.263 6.371 6.403 6.337 

1 .962 1 .882 2.1 76 2.2 1 6  2.077 2. 1 29 2.043 2.263 2.182 2.1 62 2.324 2.167 2.1 14 2.036 1 .866 2 . 173  2.099 2.1 20 2.226 

0.176 0.2 1 0  0.190 0 . 1 94 0.192 0.179 0 . 1 49 0.109 0.227 0.182 0.161  0.163 0 . 1 70 0.0 1 6  0.106 0.223 0.196 0.180 0.086 

1 .6 1 9  1 .661 1 .763 1 .9 1 6  1 .497 1 .839 1 .814  2.060 1 .686 1 .909 2.040 1 .896 1 .9 1 0  1 .8 1 6  1 .841 1 .764 1 .792 1 .7 7 1  1 .840 

·o.ooo o.029 o.o37 o.o69 o.o2o o.o37 o.349 o.064 ·om 6  o.062 o.o68 o.048 o.049 o.031 o.o66 o.034 o.049 o.o49 o.046 

3.097 3.1 9 1  2.863 2.6 1 0  3.209 2.799 2.736 2.642 2.994 2.700 2.664 2.667 2.6 1 9  2.782 2.847 2.800 2.743 2.706 2.7 1 1  

1 .820 1 .81 1 1 .867 1 .889 1 .682 1 .801 1 .770 1 .733 1 .8 1 3  1 .686 1 .760 1 .736 1 .794 1 .789 1 .664 1 .822 1 .802 1 .806 1 .871 

0.636 0.640 0.630 0.633 0.699 0.602 0.626 0.6 1 6  0.680 0.664 0.690 0.687 0.604 0.640 0.643 0.667 0.698 0.687 0 .6 1 2  

0.047 0.067 0.080 0.083 0.07 1 0.069 0 . 1 1 1  0.069 0.076 0.07 1 0.069 0.086 0.070 0.076 0.068 0.069 0.070 0.060 0.081 

1 6.693 1 6.708 1 6.841 1 6.823 1 6.826 1 6.769 1 6.822 1 6.763 16.801 1 6.686 16.781 1 6.71 6  1 6.706 1 6.604 1 6.621 1 6.806 1 6.7 1 9  1 6.681 1 6 .809 

66.67 67.29 61 .89 67.68 69. 1 9  60.36 60. 1 3  66.24 66.37 68.68 66.69 68.46 67.83 60.60 60.73 61 .36 60.49 60.43 69.67 

• Indicates v-'ue wa below the detection limit. 
' Mearw and atandard deviation8 are for core valUM above detection limit onty. 
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Pahoka Tephra 

EMP analyses: hornblende ( ... continued) 

:���illit:;; AJ203 

TiO, 

FeO 

M nO 

M gO 

c.o 
Na,o 
K,O 

Total 

C ations 

Si 

AI 
Ti 

Fe 

Mn 

Mg 

c. 
Na 
K 

Total 

Mg N" 

,�;�� i iir��� > 
••••< n::s1, / I�'P!i •·•·•• 1.3iB� ···· ·�·-���···· · ·· 
��:�; i �f�¥� 

··••)·•4eF f<'::?�': ••••••·
· 

·•·•··•sEt2a•••• ·•••• 1Q.sJV•·• · 
:-:-
:!i!j!�!���]�]j]��j;::::. 

? ���1� • .  {gJ()<Il 
d3e ro.i08 ) 

. �1�:: �;��:r 
6;�1! {d,cic)9) 
�;1�2 { 10;1:46{ 
t.!�i !O:£�H 

•·•·•·• c:eoii ,· t&038f 
. b]Jid t<i;6i6{ ·· 

. i6$;e/ �.oa"i · 

��;@ >.&%�;u 
· lndic•tes vak• w• below the detection limit. 
' Me.,.. end at.nclerd deviatione are for core vafUM ebove detection limit only. 

The anomalouo analya;. giving the M nO wt. � value of 2.76 ;. excluded from theaea atat;.tica. 
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Ngamatea lapill i- 1 ,  Bullot Formation 

EMP analyses: hornblende 

Si02 42 . 18  

AJ203 1 2.21 

Ti02 2 . 1 3  3.21 

FeO 1 1 .88 

M nO '0.09 

M gO 1 4 .47 

CaO 1 1 .02 

Na20 2.20 

K,O 0.43 

Total 96.62 

Cations on basis of 23 oxygens 

Si 6.261 

AI 2 . 1 33 

Ti 0.247 

Fe 1 .473 

Mn '0.0 1 2  

Mg 3 . 1 96 

Ca 1 .760 

Na  0.632 

K 0 .082 

Total 1 6.763 

Mg N" 68.44 66.67 

• Indicates value w• below the detection limit. 
' Me.,.. and atanderd deviatiorw are for core v•uee ebove detection limit My. 

):,. 
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Pourahu Member [tephra unit] lOT] , Bullot Formation 

EMP analyses: hornblende 

s;o, 43.69 41 .62 42.26 4 1 .68 46.39 46.67 43.60 46.24 43.77 
AJ,o, 1 0.88 1 3.43 1 1 .81 1 1 .10 7.78 7 .81 1 1 .64 8.28 1 1 .66 
Ti02 

FeO 

M nO 

M gO 

CaO 

Na20 

K20 

Total 

1 .66 
10.40 
0.16 

1 6.71 
10.60 
1 .86 
0.33 

96.09 

1 .43 
1 3.92 
0.17 

1 3. 17 
10.69 
2.31 
0.24 

96.88 

2.49 
1 2.89 
0. 19 

1 3.29 
1 1 . 1 8  
2.36 
0.24 

96.69 

Cations on the basis of 23 oxygerw 

Si 
AJ 
Ti 

Fe 

Mn 

Mg 

Ca 

Na 

K 

Total 

Mg N" 

6.499 
1 .909 
0.1 74 
1 .294 
0.0 1 9  
3.483 
1 .674 
0.637 
0.063 

1 6.661 
72.91 

6.202 
2.368 
0.161 
1 .723 
0.022 
2.926 
1 .706 
0.667 
0.046 

6.294 
2.074 
0.279 
1 .606 
0.024 
2.962 
1 .784 
0.680 
0.046 

16.810 1 6.737 
62.93 64.78 

• Indicates value w• below the detection limit. 

2.60 
1 2.40 
0.1 1 

1 3.36 
1 0.86 
2.37 
0.24 

96.20 

6.290 
2.081 
0.283 
1 .666 
0.014 
3.007 
1 .766 
0.693 
0.046 

1 6.734 
66.77 

2.1 1 
1 4.64 
0.26 

1 3.48 
1 1 .06 
1 .90 
0.47 

97 . 10 

6.767 
1 .368 
0.237 
1 .826 
0.033 
2.996 
1 .766 
0.660 
0.090 

1 6.631 
62. 1 4  

1 �8 
1 4 .78 
0�3 
1 3A6 
1 1 . 1 9  
1 .83 
0� 

97AO 

6.796 
1 .367 
0.222 
1 .837 
0.029 
2.979 
1 .782 
0.628 
0.086 
1 6.614 
61 .86 

' Me.-. and stand•d deviations •• for core vah . .a �ve detection limit only. 

1 .66 
1 1 .66 
0.16 

14.69 
1 1 .21 
1 .90 
0.36 

96.66 

6.421 
2.026 
0.1 83 
1 .426 
0.020 
3.210 
1 .772 
0.643 
0.066 
16.666 
69.24 

1 .92 
1 6. 1 4  
0.30 

1 3.07 
10.92 
1 .70 
0.63 

97 . 10  

6.762 
1 .466 
0.2 1 6  
1 .890 
0.038 
2.907 
1 .746 
0.492 
0.100 

1 6.697 
60.60 

1 .66 
1 2.02 
0.1 8 

1 4.79 
1 1 .34 
1 .98 
0.36 

97.64 

6.4 12  
1 .996 
0.1 82 
1 .472 
0.022 
3.231 
1 .780 
0.661 
0.067 

1 6.722 
68.70 

1 .62 
10.87 

0. 1 3  ·.·. 0.22 ) • iO:g�i, 
1 6.43 ·•· 1 3.93 ·······•iQ.;l}3f :'•···· 
1 1 .21 · ···· 1 1 ,01

. :  i&�f. i 
2.23 < 1 .93 ��3�I ? 

9�::: ;:::; / :r1;�� 

6.362 
2.064 
0. 177 
1 .326 
0.0 16  
3.366 
1 .763 

6.686 (O.��i1 
1 .100 10�tMr 
0.2H l  f9i§3�( 
1 ,646 ·••·· ,o;��w 
0.021 . 1oi&Hj 
3.088 ro;zq�i 
1 .764 10�d��f 

o.632 o.666 < to:6kM 
o.o49 .o:o16 to:d[�\ 

1 6.736 
7 1 .68 

16.649 {QM,�D 
8�:2� g.@i \ 

h. 
1\) 
'J 
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Pourahu Member [tephra unit] [DR1 61. Bullot Formation 

EMP analyses: hornblende 

Si02 41 .78 44.73 42.86 
Al203 1 2.62 10.67 1 2.88 
Ti02 1 .69 1 .68 1 .63 
FeO 1 2.47 10.98 1 1 .03 
M nO 0. 18 0.26 0 . 16 
MoO 1 3.63 1 6. 16  1 6.26 
CaO 1 1 .28 10.76 1 1 .01 
Na,o 2.23 2.02 2.20 
K20 0.29 0.32 0.26 
Total 96.1 7 97.37 97.1 6 

C1tions on the basis of 23 oxygens 

Si 6.260 6.6 1 9  6.279 
AJ 2.226 1 .8 1 6  2.224 
Ti 0. 190 0.173 0. 168 
Fe 1 .660 1 .338 1 .362 
Mn 0.023 0.032 0.0 18 
Mo 3.040 3.6 1 1 3.332 
ea 1 .809 1 .678 1 .728 
Na 0.647 0.67 1 0.624 
K 0.066 0.069 0.048 
Total 1 6.799 1 6.697 1 6.773 
Mo N" 66.09 72.41 7 1 . 1 4  

L_ 
• Indicates value was below the detection limit. 
' Means and atandard deviatione are for core values above detection limit onty. 
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Member L 1 7, Bullot Formation 

EMP analyses : hornblende 

s;o. 

AJ.o, 
Ti02 

FeO 

M nO 

M gO 

CoO 

No20 

K20 

Total 

Cations on the basis 

Si 
AI 
Ti 

Fe 

Mn 

Mo 

c. 

No 

K 

Total 

Mg N" 

6.242 
2.262 
0.1 66 
1 .848 
0.048 
2.721 
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• Indicates value w• below the detection limit. 
' Me.,. .net standard deviatione are for core valuea above detection limit o�y. 
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Member L6 (pink lapil l i l ,  Bullot Formation 

EMP analyses: hornblende 

SiO, 43.33 4 1 .80 41 . 14 40.99 
AJ203 10.68 1 3.91 1 3.71 1 3.88 
TiO, 1 .67 1 .81 1 .69 1 .83 
FeO 14 .01 10.68 12.24 1 1 .08 
M nO 0.22 "0.07 0. 18 ·o.oo 
M gO 13 . 16 1 4.86 14.38 14.48 
CoO 1 1 . 1 7  1 1 .73 1 1 .07 1 1 .78 
Na,O 1 .90 2.43 2.28 2.38 
K,O 0.60 0.24 0.40 0.28 
Total 96.63 97 . 14 97 .09 98.43 

Cati0f"l8 on the basis of 23 oxygens 

Si 6.496 6.106 6.096 6.086 
AI 1 .870 2.406 2.394 2.396 
Ti 0.1 77 0 . 199 0.188 0.204 
Fe 1 .766 1 .298 1 .6 1 7  1 .374 
Mn 0.028 ·o.oo9 0.022 ·o.ooo 
Mg 2.940 3.249 3.178 3.201 
Ca 1 .793 1 .844 1 .767 1 .874 
Na 0.663 0.692 0.666 0.684 
K 0.1 1 4  0.044 0.076 0.049 
Total 1 6.726 1 6.837 1 6.883 1 6.887 
Mg N" 82.81 7 1 .46 67.69 69.97 7 1 .86 

L_ 
· Indicates value wa below the detection limit. 
' Me«W and .t.ndwd deviation� are for core values above detection limit onty. 
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Member L 1 (green ash), Bullot Formation 

EMP analyses: hornblende 

SiO, 

Al203 

TiO, 

FeO 

M nO 

M gO 

CoO 

Na,o 

K,O 0.41 
Total 

Cations on the basis 

Si 

AI 
Ti 

Fe 

Mn 

Mg 

Ca 

Na 

K 

Total 

Mg N" 

• Indicate�: v•lue w• below the detection limit. 
' Me.,. end standwd deviationa are for core values above detection limit only. 
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Ngamatea lapilli- 1 , Bullot Formation 

EMP analyses: Fe - Ti oxides 

Si02 

Al20, 

Ti02 

FeO 

M nO 

M gO 

CaO 

NiO 

Cr203 

Total 

0.10 
2.89 

1 1 . 17 
76.06 
0.42 
3.14 
·o.oo 
·o.oo 
0.33 

94.09 

0.16 
3.66 

10.18 
76.03 
0.36 
3.29 
"0.01 
·o.o8 
0.67 

94.34 

0.1 1 
2.86 

1 0.78 
77 .38 
0.30 
2.96 
"0.03 
"0. 1 2  
0.49 

94.84 

0.1 1 
2.96 

10.69 
77 . 10 
0.29 
3.16 
"0.02 
"0.1 2  
0.67 

94.87 

0. 14 
2.96 

1 1 . 7 1  
74.08 
0.28 
3.34 
·o.o5 
·o.o2 
0.29 

92.79 

0 . 12 
2.86 

1 1 .02 
77 .02 
0.26 
2.43 
"0.01 
·o.o9 
0.44 

94. 14 

0.1 1 
3.08 

10.88 
77.08 
0.30 
2.63 
·o.o2 
"0.01 
0.34 

94.31 

0.24 
2.48 

1 2.20 
76.63 
0.36 
2.64 
·o.oo 
"0.04 
0.33 

93.79 

0.18 
2.90 

10.70 
77.02 
0.41 
2.89 
·o.o5 
"0.07 
0.63 

94.62 

0.19 
3.88 
8.90 

78.47 
0.34 
3.19 
"0.02 
·o.o6 
0.69 

93.66 

Cations on the basis of 32 oxygena 

Si 

AI 
Ti 

Fe 

Mn 

Mg 

ea 

Ni  

Cr 

Toto! 

0.036 0.066 0.038 0.037 0.048 0.041 0.039 0.086 0.063 0.067 
1 . 1 94 1 .606 1 . 1 74 1 .214 1 .232 1 . 1 90 1 .276 1 .029 1 . 196 1 .616 

2.960 2.670 2.834 2.806 3.107 2.924 2.879 3.224 2.8 1 7  2.366 
22.336 22. 1 76 22.628 22.493 21 .868 22.723 22.684 22. 1 99 22.669 22.608 
0.1 26 0.106 0.088 0.086 0.083 0.076 0.088 0.108 0.121 0.102 
1 .642 1 .709 1 .636 1 .644 1 .768 1 .276 1 .328 1 .381 1 .609 1 .681 

·o.oo ·o.oo4 ·o.o1o ·o.oo6 ·o.0 1 8  ·o.oo2 ·o.oo6 ·o.oo1 ·o.019 ·o.oo9 
·o.oo ·o.o21 ·o.o34 ·o.o33 ·o.oo6 ·o.o25 ·o.oo2 ·o.o 12  ·o.o2o ·o.0 18  
0.091 0.183 0 . 134 0.1 66 0.080 0. 1 2 1  0.096 0.091 0.146 0.193 

28.373 28.404 28.431 28.436 28. 1 66 28.361 28.388 28.1 1 8  28.409 28.632 

• Indicate. velue wu below the detection limit. 
' Meane 8nd standard deviatiorw are for titanomagnetite values above detection limit ot"lly. 

0.06 
0.61 

36.91 
66.62 
0.24 
3.19 
·o.oo 
·o.o6 
·o.o8 
96.41 

0.08 
0.46 

39.26 
62.92 
0.30 
3.73 
·o.oo 
·o.oo 
·o.oo 
96.74 

·o.o5 
0.66 

37.61 
66.03 
0.22 
3.31 
"0.04 
"0.01 
"0. 1 3  
96.62 

0.08 
0.48 

38.77 
61 .93 
0.30 
3.48 
"0.04 
·o.oo 
"0. 1 2  
96.04 

0.07 
0.66 

36.83 
64.36 
0.20 
3.46 
·o.oo 
"0.02 
0.21 

96.67 

0.07 
0.64 

38.79 
66.22 
0.22 
3.06 
·o.oo 
·o.oo 
"0. 1 3  
96.90 

0.1 8 
0.68 

36. 1 7  
63.67 

0.30 
3.43 
"0.01 
·o.o1 
·o.oo 
94.21 

0.0 16 0.023 "0.0 1 3  0.024 0.022 0.020 0.063 
0.176 0.166 0.189 0.1 67 0.1 96 0 . 190 0.206 
8.222 8.682 8.296 8.609 8.240 8.236 8.21 1 

1 3.763 1 2.866 1 3.636 1 2.822 1 3.621 1 3.744 1 3.623 
0.060 0.073 0.066 0.074 0.061 0.064 0.076 
1 .407 1 .6 18  1 .449 1 .631 1 .630 1 .369 1 .642 

·o.ooo ·o.ooo ·o.01 2  ·o.0 1 3  ·o.ooo ·o.ooo ·o.oo4 
·o.o 16 ·o.ooo ·o.oo2 ·o.ooo ·o.oo5 ·o.ooo ·o.0 18 
·o.018 ·o.ooo ·o.029 ·o.029 o.o5o ·o.032 ·o.ooo 
23.633 23.3 17 23.626 23.227 23.610 23.802 23.61 1 
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Pourahu Member [tephra unit] IBT1 J. Bullot Formation 

EMP analyses: Fe - Ti oxides 

Si02 
Al,O, 

TiO, 

FeO 

M nO 

M gO 

cao 

NiO 

Crlo, 

Totol 

0.14 
2.29 

1 2.93 
76.82 
0.36 
2 . 16 
"0.01 
"0.07 
0.30 

93.99 

0.10 
2.28 

1 2.46 
76.99 
0.42 
1 .96 

"0.01 
"0.02 
0.29 

94.49 

0.09 
2.20 

1 2.78 
76.22 
0.37 
2.03 
"0.04 
·o.o5 
0.27 

93.84 

0.20 
2.86 

1 2.43 
74.83 
0.38 
2.49 
·o.o3 
·o.oo 
0.28 

93.06 

0.1 2  
2.23 

1 2.63 
76.28 
0.31 
1 .97 
·o.04 
·o.o6 
0.24 

93.77 

0.09 
2.28 

1 3.01 
76.63 
0.31 
2.1 1 
·o.04 
·o.o1 
0.41 

93.83 

0.09 
2.29 

1 2.42 
76.68 

0.31 
2.20 
"0.01 
·o.o6 

0.30 
94.28 

0.1 1 
2.1 9 

1 2.73 
76.69 
0.44 
2.16 
·o.oo 
·o.oo 
0.66 

84.77 

0.1 1 
2.22 

1 2.92 
7 7 .39 
0.41 
2.1 2 
·o.oo 
·o.o9 
0.26 

96.41 

0.1 1 
2.29 

12.89 
76.3 1 

0.39 
2.02 
·o.oo 
·o.oo 
0.1 8 

93.20 

0.10 
2.23 

12.64 
76.08 
0.36 
1 .93 
"0.02 
"0.03 
0.26 

93.60 

0.1 1 
2.26 

1 3.06 
76.84 
0.32 
2.06 
·o.oo 
·o.oo 
0.20 

93.83 

0.1 3  
2.21 

1 2.60 
76.49 
0.29 
1 .97 
·o.oo 
"0.02 
·o.o6 
93.69 

2.26 
1 3. 12 
76.13 
0.42 
2.1 1 
"0.02 
"0.04 
0.22 

94.38 

Cations on the buts of 32 oxygene 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

c. 

Ni 

er 

Totol 

0.048 0.036 0.032 0.069 0.042 0.030 0.031 0 .040 0.037 0.039 0.036 0.039 0.046 0.043 
0.948 0.946 0.9 1 3  1 .1 02 0.927 0.946 0.949 0.904 0.909 0.969 0.933 0.933 0.921 0.929 
3.414 3.294 3.388 3.303 3.368 3.440 3.286 3.347 3.373 3.439 3.368 3.468 3.367 3.463 

22.269 22.644 22.473 22.061 22.648 22.241 22.667 22.391 22.470 22.34 1 22.646 22.347 22.666 22.282 
0.107 0.126 0.1 1 1  0. 1 14 0.092 0.092 0.092 0.1 29 0.120 0.1 1 8  0.109 0.096 0.087 0.1 24 
1 . 130 1 .026 1 .066 1 .3 10  1 .036 1 . 106 1 . 161 1 .1 20 1 .097 1 .070 1 .0 1 7  1 .080 1 .039 1 . 101 
·o.oo4 ·o.oo6 ·o.0 1 6  ·o.on ·o.016 ·o.0 13 ·o.oo2 ·o.oo ·o.ooo ·o.oo1 ·o.ooa ·o.oo1 ·o.oo2 
·o.019 ·o.oo4 ·o.o 1 6  ·o.ooo ·o.018 ·o.o2o ·o.0 18 ·o.oo ·o.026 ·o.ooo ·o.oo8 ·o.ooo ·o.oo6 
0.083 0.079 0.074 0.079 0.067 0.1 13 0.082 0 . 164 0.070 0.061 0.072 0.066 "0.0 1 8  

27 .999 28.149 28.067 28.028 28.070 27 .967 28.147 28.086 28.076 28.0 1 7  28.079 28.008 28.104 

• Indicates value w .. below the detection limit. 
' Me.,.. and atandard deviatione •• for titenom-c3netite valun above detection limit only. 

0.06 
0.28 

0.42 
3.10 
·o.o2 
"0.01 
·o.oo 

"0.04 
0.26 

43.01 
49.67 
0.37 
3.1 1  
·o.oo 
"0.03 
"0.04 
96.42 

0.06 
0.28 

43.87 
49.47 
0.36 
3.07 
"0.02 
"0.04 
·o.o3 
97 .09 

0.0 16  "0.014 0.0 16  
0.093 0.087 0.094 
9.314 9.269 9.360 

1 1 .769 1 1 .890 1 1 .726 
0.102 0.090 0.083 
1 .324 1 .326 1 .297 

·o.oo5 ·o.ooo ·o.oo6 
·o.oo1 ·o.oo1 ·o.oo9 

·o.ooo ·o.oo9 ·o.oo6 
22.661 22.664 
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Pourahu Member [ignimbrite unit] [CT] , Bullot Formation 

EMP analyses: Fe - Ti oxides 

SiO, 

AJ,o, 

TiO, 

FeO 

M nO 

M gO 

CaO 

NiO 

Cr20, 

Total 

0.1 1  
2.34 

1 2.33 
76.68 
0.38 
1 .89 
"0.03 
"0.10 
0.29 

94.02 

0.09 
2.28 

1 2.80 
76.49 
0.39 
2.09 
"0.03 
"0. 1 1  
0.27 

94.41 

0.12 
2.24 

12.77 
76.24 
0.31 
2.10 
·o.oo 
"0.03 
0.38 

94. 17  

Cations on t he  basis of 32 oxygens 

Si 

AI 

0.038 
0.974 
3.272 

0.032 
0.942 
3.373 

0.042 
0.928 
3.376 

0.10 
2.31 

1 2.60 
74.96 
0.36 
2.1 1 
"0.01 
"0.03 
0.21 

92.66 

0.036 
0.971 
3.360 

0.1 6  
2.34 

1 3.06 
76.41 
0.42 
1 .99 
"0.01 
"0.04 
0.38 

94.76 

0.062 
0.963 
3.421 

0. 1 3  
2.28 

1 3. 1 2  
76.16 
0.48 
2.02 
·o.oo 
·o.oo 
0.22 

94.42 

0.047 
0.941 
3.466 

0.1 1 
2.29 

12.93 
76.69 
0.38 
2.08 
"0.03 
·o.oo 
0.48 

94.96 

0.038 
0.939 
3.387 

0.09 
2.30 

1 3.09 
76.29 
0.36 
2.1 1 
"0.01 
·o.o9 
0.21 

93.46 

0.030 
0.967 
3.476 

0.21 
2.30 

1 2.88 
76.64 

0.34 
2.01 
·o.oo 
"0.07 
·o.oo 
94.27 

0.072 
0.960 
3.398 

0.14 
2.24 

1 2.86 
77.03 
0.40 
1 .92 

"0.01 
·o.04 
0.34 

94.92 

0.047 
0.921 
3.377 

0.1 6 
2.36 

12.74 
76.89 
0.37 
2 . 10 
"0.03 
"0.02 
0.27 

93.87 

0.064 
0.974 
3.373 

0.13 
2.34 

1 2.88 
76.86 
0.36 
1 .97 
"0.02 
·o.oo 
0.20 

93.72 

0.046 
0.973 
3.4 1 8  

0.032 
0.964 
3.383 Ti 

Fe 

Mn 

22.699 22.4 1 6  22.4 1 1  22.4 1 1  22.276 22.297 22.342 22.2 18  22.462 22.496 22.346 22.380 22.666 

Mg 

Ca 

Ni 

Cr 

Total 

0.1 14 0.1 1 7 0.093 0.1 1 4  0. 1 24 0.142 0.1 1 1  0.108 0.100 0.1 1 8  0.1 1 1  0.107 0.101 
1 .048 1 .091 1 .099 1 . 1 23 1 .036 1 .066 1 .080 1 . 1 1 1  1 .062 1 .000 1 . 1 00 1 .036 1 .082 
·o.o1 1 ·o.o1 1  ·o.ooo ·o.oo6 ·o.oo6 ·o.ooo ·o.o1o ·o.oo3 ·o.ooo ·o.oo6 ·o.o1o  ·o.oo7 ·o.ooo 
·o.029 ·o.031 ·o.oo8 ·o.oo9 ·o.o 1 1  ·o.ooo ·o.ooo ·o.o2e ·o.o2o ·o.o 1 2  ·o.oo7 ·o.ooo 
o.o79 o.076 0.101 o.o69 o.1o6 o.o6o o.132 o.o69 ·o.ooo o.093 o.076 o.o66 

28.124 28.046 28.066 28.074 27.977 27.998 28.029 27.968 28.034 28.061 28.032 28.014 

• Indicates vlllue wa below the detection limit. 
' Mearw and atendatd deviatiorw are for titanomagnetite valuea above detection limit Of'lly. 

0.27 

0.46 
2.87 
"0.01 
·o.oo 
·o.04 

"0.013 
0.092 
9.323 

0.06 
0.28 

43.34 
48.69 
0.37 
3.06 
"0.01 
·o.oo 
"0.06 
96.78 

0.016 
0.096 
9.368 

0.06 
0.30 

44.30 
60.1 6  
0.39 
3.1 1 
·o.oo 
"0.03 
·o.o8 
98.30 

0.0 16 
0.098 
9.329 

0.14 
0.27 

44.42 
48.28 
0.38 
2.86 
·o.oo 
·o.oo 
·o.o6 
96.34 

0.041 
0.089 
9.496 

0.07 
0.29 

43.69 
60.14 
0.46 
3.10 
"0.02 
"0.02 
·o.o1 
97 .64 

0.021 
0.097 
9.267 

1 1 .691 1 1 .744 1 1 .476 1 1 .863 
0.1 12 0.091 0.092 0.090 0.107 
1 .269 1 .306 1 .296 1 .209 1 .308 
·o.ooo ·o.oo3 ·o.ooo ·o.ooo ·o.oo6 
·o.ooo ·o.ooo ·o.oo1 
·o.oos ·o.o 12 ·o.o 1 1  

·o.ooo ·o.oo3 
"0.01 3  "0.002 

22.666 22.674 22.400 22.663 
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Member L 1 7, Bullot Formation 

EMP analyses: Fe - Ti oxides 

s;o, 
AJ,o, 
TiO, 

FeO 

M nO 
M gO 

CoO 

NiO 

Cr20, 

Total 

0.10 
2.67 

1 3.64 
73.61 
0.37 
3.29 
·o.oo 
·o.oo 
0.27 

93.76 

0.10 
2.69 

1 3.69 
74.29 
0.30 
3 . 16 
'0.01 
'0.10 
0.33 

94.46 

0.09 
3 . 12 

1 1 .63 
76.73 
0.37 
3.06 
·o.oo 
'0.09 
0.42 

94.31 

0 . 12  
2.98 

1 1 .84 
74.26 
0.36 
3 . 14 
'0.02 
'0.01 
0.36 

93.04 

0. 1 2  
2.96 

10.81 
76.33 
0.37 
3.06 
·o.oo 
·o.oo 
0.26 

93.9 1 

0.09 
2.48 

1 3. 1 8  
74.84 
0.32 
3.36 
'0.01 
·o.oo 

0.26 
94.61 

0.08 
2.69 

1 3.71 
76.69 

0.37 
3.26 
·o.oo 
'0.02 
0.22 

96.80 

0.10 
2.69 

1 3.76 
73.90 
0.36 
3.26 
·o.oo 
'0.04 
0.18 

94. 1 2  

0.1 1 
2M 

1 3�3 
76.13 
0� 
232 

�m 
�� 
on 

�� 

0.1 1  
2.33 

1 3.68 
74.32 
0.36 
3.09 
·o.oo 
·o.oo 
0.27 

94.06 

Cations on the basis of 32 oxygens 

Si 

AJ 

Ti 

Fe 

Mn 

Mg 

ea 

Ni 

Cr 

Total 

0.034 0.036 0.033 0.04 1 0.042 0.032 0.026 0.033 0.039 0.039 
1 .061 1 .061 1 .279 1 .236 1 .227 1 .009 1 .039 1 .066 1 .076 0.963 
3.634 3.646 3.022 3 . 136 2.867 3.426 3.609 3.67 1 3.610 3.646 

21 .362 2 1 .388 22.076 21 .874 22.61 1 2 1 .649 21 .621 21 .346 21 .676 21 .686 
0.107 0.087 0.1 10 0. 108 0.1 1 1  0.093 0.107 0.102 0.1 18 0.106 
1 .704 1 .621 1 .686 1 .660 1 .610 1 .723 1 .660 1 .676 1 .396 1 .699 

·o.ooo ·o.oo5 ·o.ooo ·o.oo1 ·o.ooo ·o.oo4 ·o.oo1 ·o.ooo ·a.oo6 ·o.ooo 
·o.ooo ·o.o21 ·o.026 ·o.oo3 ·o.ooo ·o.ooo ·o.oo6 ·o.o1 1 ·o.ooo ·o.ooo 
0.076 0.090 0.1 1 6  0.099 0.072 0.070 0.068 0.060 0.062 0.076 

27.867 27.817 28.221 28. 1 44 28.440 28.001 27.908 27.831 27 .876 27.902 

· Indicates v.tue was below the detection limit. 
' Meane end atandard deviati01"18 are for titanom-onetite valuea above detection limit o.,y. 

'0.03 
0.38 

42.86 
48.16 

0.36 
4.77 
'0.02 
'0.04 
'0.02 
96.60 

0.06 
0.33 

42.63 
48.36 
0.47 
4.44 
'0.01 
'0.06 
'0.02 
96.20 

'0.04 
0.32 

41 .84 
6 1 .42 
0.69 
2.97 
·o.oo 
·o.o6 
·o.oo 
97. 14 

'0.008 0.0 1 7  '0.01 1 
0.128 0.1 1 1  0. 1 10 
9.1 34 9 . 120 9 .026 

1 1 .4 1 6  1 1 .633 1 2.336 
0.083 0.1 1 4  0 . 143 
2.0 13 1 .889 1 .269 

·o.ooo ·o.oo2 ·o.ooo 
·o.oo8 ·o.o14  ·o.o 16  
·o.oo3 ·o.oo4 ·o.oo 
22.773 22.784 22.883 

h. 
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Member L 1 6, Bullot Formation 

EMP analyses: Fe - Ti oxides 

SiO, 

Al,O, 

TiO, 

FeO 

M nO 

M gO 

CaO 

NiO 

Cr203 

Total 

0.1 2 
3.1 1 

1 1 .63 
74.46 
·o.oo 
3.63 
"0.01 
·o.o8 
0.36 

93.21 

0.36 
3.92 

1 2.38 
70. 13 
0.30 
4.68 
0.1 1 
"0.03 
"0.07 
91 .76 

0.1 1 
2.79 

1 3.87 
74.20 
0.41 
2.68 
·o.oo 
"0.03 
0.21 

94.27 

0.09 
2.82 

1 2.38 
74.14 
0.22 
3.61 
"0.01 
"0.01 
"0. 1 7  
93.26 

0. 10 
3.66 

10.23 
76 . 10 
0.33 
3 . 1 2  
·o.oo 
"0.01 
·o.oo 
93.63 

0.12 
3.27 

10.98 
74.83 
0.28 
3.63 
·om 
·o.oo 
0.27 

93.39 

0 . 12 
3.42 

10.76 
74.33 
0.27 
3.41 
·o.oo 
·o.oo 
0.29 

92.60 

0.09 
2.92 

1 2.40 
73 . 17 
0.26 
3.71 
·o.oo 
·o.oo 
0.24 

92.78 

0.09 
3.06 

1 2 .20 
74.94 
0.34 
3.73 
·o.oo 
·o.oo 
0.36 

94.72 

0.1 1 
3.31 

10.67 
76.37 
0.20 
3.37 
·o.oo 
·o.oo 
0.36 

94.37 

0.10 
3.42 

1 1 .48 
73. 1 1  
0.28 
3.71 
·o.oo 
·o.oo 
0.33 

92.42 

0 . 12  
3.66 

1 1 . 1 6  
74.89 
0.29 
3.67 
·o.oo 
"0.04 
0.39 

93.96 

0.1 2 
3.26 

10.64 
76.20 
0.27 
3.62 
·o.oo 
"0.02 
0.26 

94.26 

0.10 
3.13 

1 1 .77 
74.98 
0.26 
3.66 
·o.oo 
·o.oo 
0.24 

94. 14  

0.12 
3.49 

10.96 
74. 17  
0.34 
3.61 
·o.oo 
"0.02 
0.19 

92.79 

Cations on the basis of 32 oxygene 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

ea 

Ni 

Cr 

Total 

0.042 
1 .286 
3 .067 

0. 1 20 
1 .603 
3.232 

0.039 
1 . 1 36 
3.601 

0.032 
1 . 1 6 1  
3.263 

0.036 
1 .620 
2.7 1 6  

0.043 
1 .364 

2.901 

0.044 
1 .429 
2.867 

0.033 
1 .207 
3.270 

0.032 
1 .237 
3. 162 

0.037 
1 .362 
2.803 

0.034 
1 .422 
3.042 

0.042 
1 .466 
2.9 1 9  

0.040 0.037 
1 .344 1 .280 

2.7 7 1  3.072 

0.043 
1 .461 
2.907 

2 1 .836 20.360 21 .424 21 .669 22.476 21 .982 22.031 2 1 .468 21 .692 22.31 8  21 .646 21 .787 22.287 21 .792 2 1 .888 
·o.ooo o.o87 0.1 20 o.064 o.097 o.094 o.o8o o.o76 o.o99 o.o69 o.082 o.084 o.081 o.o8o 0.101 
1 .846 2.368 1 .379 1 .880 1 .642 1 .900 1 .802 1 .942 1 .9 18 1 .766 1 .948 1 .862 1 .886 1 .893 1 .846 

·o.oo4 o.04 1 ·o.ooo ·o.oo6 ·o.ooo ·o.oo4 ·o.oo ·o.ooo ·o.oo1 ·o.ooo ·o.oo1 ·o.ooo ·o.ooo ·o.ooo ·o.ooo 
·o.o22 ·o.oo8 ·o.oo8 ·o.oo1 ·o.oo3 ·o.ooo ·o.oo ·o.ooo ·o.ooo ·o.ooo ·o.ooo ·o.o1 1 ·o.oo4 ·o.ooo ·o.ooo 
o.o98 ·o.0 19  o.067 ·o.046 ·o.ooo o.074 o.o81 o.o66 o.098 o.o97 o.o92 o.1o6 o.o1o o.064 o.063 

28.172 27.81 1 27.766 28.069 28.486 28.338 28.334 28.061 28. 137 28.431 28.166 28.246 28.478 28.21 9  28.288 

na indicatn the oxide wa not analysed. 
· Indicates value w• below the detection limit. 
' Mearw and etandard deviatione ere fOf titanomi!Qnetite values above detection limit only. 

0.08 
0.68 

37.64 

0.23 
3.62 
·o.oo 

na 

na 

94.81 

0.027 
0.203 
8.4 1 1  

0.069 
1 .61 1 
·o.ooo 

na 

na 

"0.04 
0.66 

37.82 
62.96 
"0. 1 3  
3.69 
"0.01 
"0.03 
"0. 13 
94.92 

"0.0 1 1  
0 . 196 
8.436 

1 3. 138 
"0.032 
1 .688 
"0.004 
"0.007 
"0.030 
23.368 

):,. 
1\) 

� 



Member l8, Bullot Formation 

EMP analyses: Fe - Ti oxides 

Si02 

AJlO, 

Ti02 

FeO 

M nO 

MoO 

CoO 

NiO 

Cr20, 

Total 

0.1 2 
3.03 

1 1 .96 
76.37 
0.28 
2.66 
·o.oo 
'0.07 
·o.o9 
94.42 

0.1 1 
2.97 

1 2. 1 6  
76.91 
0.34 
2.98 
·o.o2 
·o.o9 
0.19 

94.66 

Cations on the basis of 32 oxygens 

Si 

AI 

Ti 

0.041 
1 .246 
3.1 34 

0.040 
1 .2 1 2  
3.1 70 

0 . 10 
2.87 

1 2.61 
74.68 
0.36 
2.91 
"0.02 
'0.06 
'0. 1 6  
93.6 1 

0.033 
1 . 1 82 
3 .314 

0.09 
3.01 

1 2.31 
74.69 
0.31 
3.08 
·o.o3 
·o.o6 
'0. 1 6  
93.60 

0.033 
1 .238 
3.233 

0.1 3 
2.99 

1 1 .98 
76.36 
0.33 
2.86 
'0.02 
·o.oo 
0.28 

93.94 

0.046 
1 .234 
3 . 16 1  

0 . 1 1  
2.91 

1 2.27 
76.26 
0.36 
2.92 
"0.02 
'0.06 
'0. 14 
93.61 

0.037 
1 .1 86 
3.224 

0.1 1 
2.96 

1 1 .76 
76.96 
0.28 
2.96 
'0.02 
'0.03 
0.18 

94. 1 9  

0.039 
1 .214 
3.090 

0.10 
3.27 

1 1 .06 
76.89 
0.36 
3.02 
'0.02 
'0.06 
0.23 

93.81 

0.034 
1 .363 
2.9 1 8  

0.12 
3.02 

1 1 .78 
76.17 
0.30 
3.02 
'0.02 
·o.oo 
'0. 1 1  
93.42 

0.042 
1 .249 
3.1 16 

0.12 
3.01 

1 1 .86 
74.78 
0.36 
2.80 
'0.02 
'0.02 
0. 17 

93.07 

0.042 
1 .261 
3 . 146 

0.12 
2.89 

1 2.67 
74.48 
0.41 
3.04 
'0.01 
'0.03 
0.31 

93.92 

0.040 
1 . 186 
3.3 16 

0.037 
1 .24 1 
3 .060 

o.o38 l<>.oo4r 
t ;233 l?.i�43J 
3.1 56 10)06)' 

Fe 22.261 22.01 1 21 .830 2 1 .824 22.046 21 .882 22.206 22.269 22.086 22.084 21 .673 22.088 2�.030 IO�Hfl 
Mn o.o84 o.1oo o . 1o4 o.o82 o.o98 o.1o3 o.o84 o. 1o4 o.o9o o.1o3 0 . 120 o.o94 /o�091! l<io·io�.;, 
Mo 

Ca 

Ni 

Cr 

Total 

1 .380 

·o.ooo 
·o.o2o 
'0.024 
28.146 

1 .642 
·o.oo8 
'0.024 
0.062 

28. 127 

1 .6 1 4  
'0.006 
'0.0 1 6  
'0.042 
27.977 

• Indicates value w •  below the detection limit. 

1 .606 
'0.0 10 
'0.0 1 3  
'0.044 
28.026 

1 .490 
'0.007 
·o.ooo 
0.079 

28.142 

1 .622 
'0.006 
'0.014 
'0.038 
28.064 

1 .643 
'0.006 
·o.oo8 
0.060 

28.226 

I Meane end standard deviation. are for titWlom-onetite values eove detection limit My. 

1 .678 
'0.006 
'0.01 4  
0.063 

28.3 19  

1 .683 
·o.oo6 
·o.ooo 
'0.031 
28.164 

1 .472 
'0.008 
'0.006 
0.048 

28. 1 47 

1 .677 
'0.002 
'0.009 
0.086 

27.896 

1 .637 

'0.029 
0.077 

28.224 

1 .637 10.066). 
·:..:·· :··· 

h 
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Member L6 (pink lapil l i ) ,  Bullot Formation 

EMP analyses: Fe - Ti oxides 

Si02 

AJ,o, 

Ti02 

FeO 

M nO 

M gO 

CoO 

NiO 

Cr202 

Total 

0.07 
2.61 

1 2.37 
76.14 

0.40 
2.87 
'0.03 
'0.02 
0.41 

93.76 

0.10 
2.68 

1 2.42 
76.33 
0.38 
2.79 
'0.03 
'0.09 
0.23 

93.83 

0. 12 
2.66 

1 2.76 
76.02 
0.39 
2.84 
·o.oo 
'0.06 
0.4 1 

94. 1 9  

0 . 13 
2.68 

1 3.20 
73.66 
0.31 
2.76 
·o.oo 
'0.07 
0.62 

93.33 

0.12 
2.86 

1 1 .93 
76.20 
0.39 
3 . 13 
'0.02 
'0.06 
0.69 

94.20 

0.1 2 
2.76 

1 2.69 
73.97 
0.28 
2.76 
'0.01 
'0.06 
0.63 

93. 1 1  

0.09 
2.64 

1 2.86 
76.94 
0.38 
2.81 
'0.01 
'0. 10 
0.62 

96.22 

0.1 3 
2.66 

1 2.82 
76.86 
0.33 
3.06 
'0.06 
'0. 1 0  
0.40 

96.26 

0.08 
2.62 

1 3.06 
76.88 
0.33 
2.63 
'0.02 
'0.04 
0.42 

96.02 

Cations on the basis of 32 oxygens 

Si 

AI 

Ti 

Fe 

Mn 

Mg 

Co 

Ni 

Cr 

Total 

0.032 0.036 0.040 0.046 0.041 0.041 0.029 0.044 0.027 0.038 
1 .038 1 .066 1 .092 1 . 106 1 .1 72 1 . 144 1 .070 1 .074 1 .066 1 . 1 62 
3.266 3.274 3.338 3.468 3. 124 3.361 3.330 3.3 1 4  3.391 3.1 80 

22.068 22.079 21 .832 2 1 .620 2 1 .908 2 1 .729 21 .880 21 .806 21 .918 22.042 
0.1 1 8  0.1 1 3  0.1 1 6  0.092 0.1 14 0.084 0.1 1 0  0.097 0.097 0.108 
1 .602 1 .469 1 .472 1 .431 1 .627 1 .443 1 .442 1 .666 1 .366 1 .396 

·o.oo1 ·o.oo1 ·o.ooo ·o.ooo ·o.oo9 ·o.oo4 ·o.oo2 ·o. 101 ·o.oo9 
'0.006 '0.024 '0.0 1 8  '0.0 19  '0.0 13  '0.0 18  '0.028 '0.028 '0.01 1 
0.1 1 4  0.064 0.1 1 2  0.170 0 . 16 1 0. 148 0.143 0.108 0.1 1 6  

28.1 27 28.089 28.001 27.831 28.147 27.940 28.004 28.008 27.971 

• Indicate. value w• below the detection limit. 
' Mearw and 1tandard deviatiorw are for titanom8Qnetite values Mlove detection limR ony. 

'0.04 
0.39 

0.33 
3.78 
'0.03 
·o.oo 
'0.02 
96.60 

·o.oo 
0.41 

42.43 
60.20 
0.42 
3.76 
·o.oo 
·o.oo 
·o.oo 
97.21 

'0.06 
0.36 

42.64 
60.64 
0.26 
3.80 
·o.oo 
·o.oo 
'0. 12 
97.68 

·o.o 1 1 ·o.ooo ·o.o 14 
0 . 132 0 . 139 0.1 1 8  
9.1 14 9.066 9.063 

1 1 .868 1 1 .929 1 1 .969 
0.080 0.102 0.062 
1 .600 1 .687 1 .600 

·o.oo8 ·o.ooo ·o.ooo 
·o.ooo ·o.ooo ·o.ooo 
·o.oo6 ·o.ooo ·o.o21 
22.784 22.823 22.8 1 2  

):,. 
I\) Cb ..... 



Member Tf1 4, Tufa Trig Formation 

EMP analyses: glass 

s;o, 

AJ,o, 

TiO, 

FeO 
M nO 

M gO 

c.o 

N-,o 

K,O 

Cl 

Tot•l 

83.48 
1 4.81 
0.89 
6.39 

'0.04 
2.17 
4.90 
3.76 
2.78 
'0.03 
98.16 

83.29 
14.81 
1 .03 
8.89 
'0.07 
2.22 
4.98 
3.46 
2.18 
0.08 

98.81 

83.40 
1 4.79 
1 .04 
8.87 
'0. 1 0  
2.31 
6. 1 2  
3.81 
2.69 
'0.02 
99.83 

82.76 
1 4.72 
1 . 1 1  
6.30 
·o.oo 
2.16 
6.41 
3.96 
2 . 16 
0.08 

98.82 

82.1 7 
1 4.7 1 
1 .08 
8.43 
·o.o3 
1 .99 
6.06 
3.81 
2.69 
0.07 

97.90 

Analyses above detection limit normalised to 100 CJ6 loss free 

SiO, 

AI,O, 

Ti01 

FeO 

M nO 

M gO 

C•O 

N-,0 

K,O 

Cl 

Water• 

64.00 
14 .93 
0.90 
6.44 

2.19 
4.94 
3.79 
2.81 

0.86 

64.06 
16.09 
1 .04 
6.77 

2.26 
6.04 
3.49 
2.21 
0.08 
1 . 1 9  

83.61 
1 4 .82 
1 .04 
8.68 

2.31 
6. 1 3  
3.82 
2.70 

0 . 17 

• Indicates value was below t he  detection limit. 

63.63 
1 4.92 
1 . 1 2  
6.39 

2 . 1 9  
6.48 
4 .00 
2 . 18 
0.08 
1 .38 

83.60 
1 6.03 
1 .1 0  
8.66 

2.03 
6.1 7 
3.89 
2.64 
0.07 
2. 10 

82.38 
14.87 
1 . 1 6  
8.86 
·o.oo 
2.04 
4.68 
3.82 
2.91 
'0.07 
98. 1 8  

63.64 
16 . 14 
1 . 1 7  
6.77 

2.08 
4.64 
3.69 
2.97 

1 .83 

83.38 
1 4.72 
0.97 
6.76 
'0. 1 8  
2.21 
6 . 12 
3.86 
2.82 
0.09 

99.92 

63.43 
14 .73 
0.97 
6.76 

2.21 
6.1 2  
3.87 
2.82 
0.09 
0.08 

• Mearw end •tandMd deviatior. ere for groundm .. values above detection limit only. 

62.73 
14.70 
1 .07 
6.77 
'0. 10 
2.29 
6.02 
3.47 
2.63 
0.10 

98.77 

63.61 
14.88 
1 .08 
6.86 

2.32 
6.08 
3.62 
2.66 
0.10 
1 .23 

62.32 
1 4.77 
1 .10 
6.02 
0.28 
2.07 
4.86 
3.74 
2.70 
0.12 

97 .96 

83.2 
1 6�8 
1 . 12 
6.16 
0�8 

2.1 1 
4� 
3n 
236 
0.12 
2� 

• Aat.med water • the difference betwMn original analytical total (of analyaee above detection limit) and 100. 

62.98 
1 4.26 
1 . 1 9  
6.46 
'0.02 
2.16 
4.96 
3.81 
2.74 
·o.o3 
98.6 1 

83.91 
1 4.46 
1 .21 
8.66 

2 . 18 
6.02 
3.87 
2.78 

1 .49 

63.48 
1 4.61 
1 .03 
6.68 
·o.o6 
2.36 
4.93 
3.66 
2.79 
0.08 

99.61 

63.80 
14 .68 
1 .04 
6.71 

2.36 
4.96 
3.67 
2.80 
0.08 
0.49 

62.46 
1 4.70 
1 .08 
6.68 
·o.o1 
2. 1 9  
6. 14 
4.04 
2.79 
0 . 13 

99.09 

63.02 
1 4.84 
1 .08 
6.64 

2.21 
6 . 18 
4.08 
2.82 
0 . 13 
0.91 

83.48 
14.66 
1 .1 6  
8.34 
·o.o6 
2.06 
4.72 
4.07 
2.71 
·o.o3 
99. 1 7  

64.01 
14.77 
1 . 1 7  
6.39 

2.06 
4.78 
4.10 
2.73 

0.83 

63.27 
14 .92 
1 .08 
6.68 

)::,. 
1\J 
Q:) 
1\J 



Member Tf8, Tufa Trig Formation 

EMP analyses: glass 

SiO, 

Al20, 

TiO, 

FeO 

M nO 

M gO 

CoO 

No,O 

K,O 

Cl 

Toto! 

63.29 
14.31 
1 . 1 3  
6.41 
no 

2�6 
4�6 
4�8 
2.6 

�m 
98•9 

62.70 
1 4.91 
1 .03 
6.67 

'0.07 
2.74 
6.44 
3.28 
2.10 
0.07 

98.93 

63.03 
1 6. 1 0  
1 .04 
6.20 
'0.07 
2.43 
6.40 
3.68 

2.48 
0.06 

89.31 

64.87 
1 4.34 
1 . 14 
6.62 
'0.08 
1 .86 
4.36 
3.90 
3.07 
0.08 

99. 1 2  

63.09 
1 4.29 
1 .09 
6.1 1 
'0.1 2  
2.46 
4.98 
3.87 
2.68 
0.08 

98.66 

Analyses above detection limit normalised to 1 00" losa free 

SiO, 

Al,o, 

TiO, 

FeO 

M nO 

M gO 

CoO 

No,o 

K,O 

Cl 

Water• 

64.00 
14.47 
1 . 14 
6.49 

2.07 
4.81 
4.13 
2.90 

1 . 1 1  

63.38 
16.08 
1 .04 
6.74 

2.77 
6.49 
3.31 
2.1 2 
0.07 
1 .07 

63.47 
1 6 .20 
1 .04 
6.24 

2.44 
6.44 
3.61 
2.60 
0.06 
0.69 

66.46 
1 4.46 
1 . 1 6  
6.66 

1 .86 
4.40 
3.93 
3 . 10 
0.08 
0.88 

64.02 
14 .60 
1 . 1 1  
6.20 

2.60 
6.06 
3.93 
2.62 
0.08 
1 .44 

· lndicatea value w• below t he  detection limit, N - not anafyaed. 

63. 1 1 
16.16 
1 . 10  
6.73 
'0. 12 
2.32 
6.22 
3.48 
2.66 
'0.06 
99.78 

63.26 
16 . 19 
1 . 10 
6.76 

2.32 
6.23 
3.60 
2.67 

0.22 

62.96 
1 6.22 
1 .06 
6.22 
'0. 1 6  
2.41 
6.37 
4.06 
2.30 
0.09 

99.69 

63. 16  
1 6.27 
1 .06 
6.24 

2.42 
6.38 
4.07 
2.31 
0.09 
0.31 

' Meane end atandard deviation. are fOt' grOU"'Ktm ... valuee above detection limit only. 

62.46 
14.62 
0.98 
6.37 
'0.07 
2.66 
6. 1 1  
3.76 
2.68 
0.09 

98.62 

63.39 
14.84 
0.99 
6.47 

2.69 
6.18 
3.82 
2.62 
0.10 
1 .48 

64.44 
1 4.03 
1 .23 
6.26 
'0.01 
1 .46 
4.08 
3.87 
3.66 
0.09 

99.01 

66.08 
14 . 17 
1 .24 
6.32 

1 .47 
4 . 12 
3.91 
3.69 
0.09 
0.99 

1 Aaaumed water • the difference between original analytical total (of an-'ysee above detection limit) and 100. 

62.97 
1 6.09 
1 .01 
6.68 
'0.03 
2.40 
6.21 
3.93 
2.46 
0.07 

99.71 

63. 16 
1 6. 13 
1 .02 
6.60 

2.41 
6.22 
3 .94 
2.46 
0.07 
0.29 

63.04 
16.30 
1 .01 
6.84 
'0.08 
2.67 
6.48 
4.03 
2.36 
0.10 

99.71 

63.23 
16.34 
1 .01 
6.86 

2.67 
6.60 
4.04 
2.36 
0.10 
0.29 

99.92 

63.37 
1 4.77 
1 .07 
6.47 
0.19 

2.21 
6. 1 2  

· 63.74 ' ro:141 
· H�a1. i t&37; 

,, •• 1 .oa i 6:o7, 
·� ,33 '?:-33) 
o. 1 & .,., . .  ..fo;ooJ. 

2.30 ' ����t 
6.08 ,, :{ 10A21 . . 

4.02 > • k�6· , ,,tJ;�W 

:::: : :::: : �:��� 
o.o8 o.74 idiN 

):.. 
1\) 
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Member Tf5, Tufa Trig Formation 

EMP analyses: glass 

SiO, 

AJ20, 

Ti02 

FeO 

M nO 

M gO 

CeO 

Na,o 

K,O 

Cl 

Total 

66.69 
14.34 
1 . 1 6  
6.34 
0.1 3 
1 .66 
4.48 
2.68 
2.84 
0 . 16 

99.37 

66.01 
14 . 16 
1 .26 
6.39 
0.1 9  
1 .84 
4.66 
3.82 
2.66 
0.12 

99.99 

63.14 
1 6.22 
0.96 
6.66 

0.1 2 
1 .61 
6.41 
4.27 
2.1 8 
0.1 2 

99.69 

64.66 
14 .66 
1 .08 
6.19 
0.10 
1 .68 
4.80 
4.04 
2.66 
0.1 2  

99.84 

61 .60 
1 6.00 
0.87 
6.07 

•0. 1 1 
2.73 
6.49 
3.64 
2.1 6 
0. 1 1  

97.67 

Analyses above detection limit normalised t o  100% loss free 

Si02 

Al20, 

Ti02 

FeO 

M nO 
M gO 

CeO 

Ne20 

K20 

Cl 

Water• 

66. 10 
14.43 
1 . 1 6  
6.38 
0.1 3  
1 .67 
4.61 
2.60 
2.86 
0.16 
0.63 

66.02 
14 . 16 
1 .26 
6.39 
0.1 9  
1 .84 
4.66 
3.82 
2.66 
0.12 
0.01 

63.40 
1 6.28 
0.96 
6.69 
0.1 2 
1 .62 
6.44 
4.29 
2.1 9 
0.12 
0.41 

• lndiceteo value WIO below the detection limit. 

64.76 
1 4.67 
1 .08 
6.20 
0.10 
1 .68 
4.80 
4.04 
2.66 
0.12 
0.16 

63.07 
1 6.36 
0.89 
6.22 

2.79 
6.62 
3.72 
2.21 
0. 1 2  
2.33 

62.01 
1 6.96 
0.74 
6.36 

00.22 
2.66 
6.68 
4.00 
2.1 3 
0.08 

98.49 

62.96 
1 6.20 
0.76 
6.44 

2.69 
6.76 
4.06 
2.1 6 
0.08 
1 .6 1  

63.70 
16.99 
0.87 
4.98 

•o.o3 
1 .20 
6.27 
3.64 
2.31 
0. 1 3  

97.98 

66.02 
1 6.32 
0.88 
6.08 

1 .22 
6.38 
3.61 
2.36 
0.1 3  
2.02 

' Me..,. and atandard devl1tiorw ere for groundm .. valuea above detection limit only. 

63.86 
14.44 
1 .07 
6.91 

00.12 
1 .47 
4.19 
3.94 
2.93 
0.18 

97.97 

66.1 7  
1 4.74 
1 .09 
6.03 

1 .60 
4.28 
4.02 
2.99 
0.18 
2.03 

63.49 
1 6.41 
1 .04 
6.00 

•o.1o 
1 .66 
6.28 
3.70 
3.38 
0.09 

99.94 

63.63 
1 6.42 
1 .04 
6.00 

1 .66 
6.29 
3.70 
3.38 
0.09 
0.06 

• Aaumed weter • the difference between original analytical totel (of enaly- ebove detection limit) end 1 00. 

64.81 
1 6.00 
1 .06 
6.62 

•o.o6 
1 .72 
4.63 
4.02 
3.01 
0.08 

99.76 

64.98 
16.04 
1 .06 
6.63 

1 .72 
4.64 
4.03 
3.02 
0.08 
0.26 

64.37 
1 4.07 
1 .04 
6.3 1 

•o. 1 1  
1 .93 
4.32 
3.66 
2.98 
0.14 

97.7 1 

66.87 
14.39 
1 .06 
6.44 

1 .98 
4.42 
3.64 
3.06 
0.14 
2.29 

6. 1 6  
3.99 
2.46 
0.1 3  

99.74 

64.06 
1 6.37 
1 .1 1  
6.83 

1 .88 

2.6� 
0.1 2. 

99.00 

64.49 
1 6:20 
1 .03 
6;86' 
0.14 
1 .82 

(0.81 ) 

1 .04 
4.86 

1 �9 
V3 
3.2 
3� 
0� 

99�7 

(1 ;02) 66.94 

(0.7,!1) 14 .67 
(0,1 31 1 .06 

10.40( 4.86 
(0.03) 

rM4) 1 .09 
6.1 7  

,,, . . 
, .
, 
,,11� . . .• (0.�� 

4.00 .o::::::' o: 3 � '111. o·: I0.4l \"'  
3.74 
3.83 
3.63 
0.20 
0.23 : :: [if ilii 
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Poutu lap illi, Mangamate Tephra 

EMP analyses: glass inclusions in skeletal olivines 

Si02 64.42 63.42 67 .08 64.62 66. 1 3  61 .84 62.62 

Al20:s 17.01 16 . 18 1 6.97 1 6.88 1 7 .28 1 6. 1 2  1 6.66 
Ti02 0.69 0.68 0.64 0.82 0.66 0.77 0.77 
FeO 6.60 9.86 8 . 10 7.66 7.63 8.30 6.81 

M nO "0.07 0.33 ·o.o9 ·o.o6 0. 1 6  ·o.o9 0 . 13 
MoO 2.83 8.69 2.97 2.86 2.78 4.23 3.1 1 
CoO 8.86 7.40 7 .87 8.88 8.84 8.76 8.33 
Na,o 3.12 2.64 2.96 3.04 3.23 2.96 2.84 

K20 1 .07 0.94 1 .44 1 .26 1 .28 1 .03 1 . 1 1  
Cl 0.17 0.26 0. 14 ·o.o6 0.14 0.16 0.23 
Total 94.76 99.28 97 . 1 7 96.79 97.02 94. 1 2  92.41 

An.lyses above detection limit normalised to 1 00% loss free 

Si02 67.43 63.81 68.74 66.92 66.83 66.08 66.83 

Al20, 1 7.96 1 6.29 1 6.43 1 7 .63 17 .81 17 . 12 1 7 .93 
Ti02 0.73 0.69 0.66 0.86 0.67 0.81 0.83 
FeO 6.96 9.92 8.34 7.88 7.76 8.81 7.37 
M nO 0.33 0 . 16 0 . 14 

MoO 2.99 8.76 3.06 2.97 2.87 4.49 3.36 
CoO 9.34 7 .46 8 . 10 9.27 9.1 1 9.30 9.02 
Na,o 3.29 2.66 3.04 3 . 17 3.33 3 . 13 3.07 
K20 1 . 1 3  0.94 1 .48 1 .30 1 .32 1 .09 1 .20 
Cl 0.18 0.26 0 . 1 6  0.1 6  0.1 6 0.26 
Water• 6.24 0.72 2.84 4.21 2.98 6.88 7.69 

• Indicates value WM below the detection limit. 
' Me.,. end otendord deviotione are for oroundm- nl._ above detection limit only. 

66.34 
1 7 .69 
0.76 
7.70 
0.30 
3.69 
9.27 
3.01 
1 .02 
0.22 
3.92 

. 66.60 .
. , 1 ;�1 

1 7.2.3 ···. ,§.ai; 
1o:o1i 

. s.os . .... \�:!:; 
4.o2 ··. . i{�6; 
8:�t ( < �:��.. 

> �;t! ll : ����:l, 
: �t:; .:: : : �[�1: 

' Aaa..-ned water • the difference between oriGinal enalytical total (of analy- above detection limit) end 1 00. 
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Pourahu Member [tephra unit] [8T1 ] .  Bullet Formation 

EMP analyses: glass 

SiO, 

AJ,o, 

TiO, 

FeO 

M nO 

M gO 

C•O 

N•,O 

K,O 

Cl 

Total 

72.16 
13.44 
0.62 
3.01 
·o.oo 
0.40 
1 .92 
3.70 
4.06 
0. 18 

99.38 

72.76 
1 3.69 
0.66 
2.76 
·o.oo 
0.44 
1 .88 
3.42 
4.02 
0.26 

99.66 

7 1 .30 
1 3.66 
0.49 
2.67 
·o.oo 
0.61 
2.62 
3.86 
3.91 
0. 1 9  

99.09 

73.24 
1 3.39 
0.69 
2.48 
'0.07 
0.67 
2.00 
3.19 
3.98 
0.23 

99.66 

72.26 
1 3.31 
0.66 
2.76 
'0.02 
0.49 
1 .96 
3.64 
3.93 
0.24 

99.02 

Analyses above detection limit normalised to 100% loss free 

Si02 

AI,03 

Ti02 

FeO 

M nO 

M gO 

c.o 

No,O 

K,O 

Cl 

Water' 

72.69 
1 3.63 
0.62 
3.03 

0.40 
1 .93 
3.72 
4.09 
0. 1 9  
0.62 

73.00 
1 3.64 
0.66 
2.76 

0.44 
1 .89 
3.43 
4.04 
0.26 
0.34 

7 1 .96 
1 3.78 
0.60 
2.69 

0.61 
2.66 
3.90 
3.94 
0.19 
0.91 

• Indicates value w• �ow the detection limit. 

73.49 
1 3.44 
0.69 
2.48 

0.67 
2.00 
3.20 
4.00 
0.23 
0.36 

72.96 
1 3.44 
0.67 
2.78 

0.49 
1 .97 
3.67 
3.87 
0.24 
0.98 

7 1 .06 
1 3.24 
0.66 
2.80 
'0.06 
0.41 
2.02 
2.70 
3.89 
0 . 18 

96.86 

73.36 
13.67 
0.67 
2.89 

0.42 
2.09 
2.79 
4.02 
0 . 19 
3 . 14 

72.44 
1 3.06 
0.62 
2.61 
'0.01 
0.44 
1 .83 
3.49 
3.38 
0.27 

97.94 

73.97 
1 3.33 
0.63 
2.66 

0.46 
1 .87 
3.67 
3.46 
0.27 
2.06 

' Me .. and atendard devietiorw are for groundmMa velun above detection limit oAy. 

72.61 
1 3.21 
0.68 
2.60 
'0.07 
0.48 
1 .86 
3.72 
3.37 
0.23 

98.67 

73.66 
1 3.40 
0.69 
2.64 

0.48 
1 .89 
3.78 
3.42 
0.23 
1 .43 

3.64 
3.62 
0.17 

97.02 

73.12 
1 3.68 
0.64 
2.69 

0.62 
1 .91 
3.64 

3 .. 8Q 
0.21 

98.68 

73. 1 1  
) 3.64 
0.66 
2.73 

0 . .48 

(0.031 
' 1 1 .0 1 1  

(0.661 
(0.141 
(0.031 
(0. 161 

(0.06.1 
. . . 2.0t . ,,, (0,:201 

3.\i� . . �.3;1 
3.73 

: 
3.�6 (o���j 

0.18 ( �;�i .) tO�();J, 
2.99 1 .�� n i{J�,, 

' Aaumed w•ter - the difference between originol onolyticol toto! (of ONly- •bove detection limitl .nd 100. 

69.82 
1 3.88 
0.64 
3.03 
·o.oo 
0.48 
2.69 
3.62 
3.32 
0.26 

97.73 

7 1 .44 
1 4.21 
0.66 
3.10 

0.49 
2.76 
3.7 1 
3.39 
0.26 
2.27 

70.44 
1 3.07 
0.68 
2.63 
'0.10 
0.47 
2 . 13 
3.49 
3.87 
0.22 

96.98 

72.64 
1 3.48 
0.70 
2.7 1 

0.48 
2.20 
3.69 
3.99 
0.22 
3.02 

68.32 
14.1 1 
0.70 
2.92 
'0.1 1 
0.67 
2.62 
3.73 
3.63 
0.21 

96.81 

70.67 
1 4.68 
0.72 
3.02 

0.69 
2.71 
3.86 
3.66 
0.22 
3 . 19 

70.74 
1 2.99 
0.63 
2.70 
·o.oo 
0.36 
1 .98 
3.44 
3.81 
0.23 

96.86 

73.04 
1 3.41 
0.66 
2.78 

0.36 
2.04 
3.66 
3.93 
0.24 
3. 16 

68.84 
1 4.06 
0.63 
3.06 
·o.oo 
0.68 
2.44 
3.61 
3.61 
0.1 6 

96.88 

7 1 .06 
1 4.61 
0.66 
3.1 6 

0.60 
2.62 
3.62 
3.73 
0. 1 7  
3.1 2 

68.99 
14.06 
0.70 
2.99 
'0.04 
0.68 
2.62 
3.67 
3.46 
0.16 

97.02 

7 1 . 1 1  
14.49 
0.72 
3.08 

0.60 
2.69 
3.68 
3.67 
0.16 
2.98 
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Pourahu Member [tephra unit] [DR 1 6] ,  Bullot Formation 

EMP analyses: glass 

SiO, 

Al,o. 

TiO, 

feO 

M nO 
M gO 

CaO 

Na,o 

K,O 

Cl 

Total 

68. 1 1 
1 2.92 
0.62 
2.61 
'0.04 
0.63 
2.10 
3.34 
3.36 
0.36 

93.73 

68.68 
1 3.06 
0.66 
2.68 
0.14 
0.44 
1 .84 
3.44 
3.47 
0.38 

94.49 

7 1 .92 
14.68 
0.62 
2.66 
'0.04 
0.66 
1 .89 
3.47 
3.61 
0.33 

99.61 

72.83 
1 3.26 
0.64 
2.77 
'0.09 
0.62 
1 .96 
3. 18 
3.41 
0.26 

98.80 

7 1 .06 
1 3.76 
0.68 
2.66 
'0,06 
0.66 
2.1 9 
3.42 
3.89 
0.22 

98.33 
Analyses above detection limit normalised to 1 00" loss free 

Si02 

Al,o. 

Ti02 

feO 

M nO 

MgO 

CoO 

No,O 

K,O 

Cl 

Water• 

72.67 
1 3.78 
0.66 
2.67 
0.66 
2.24 
3.66 
3.69 
0.38 
6.28 

72.68 
1 3.81 
0.60 
2.73 
0.14 
0.47 
1 .96 
3.64 
3.68 
0.40 
6.61 

72.27 
14 .66 
0.62 
2.66 
0.66 
1 .90 
3.49 
3.62 
0.34 
0.49 

• Indicates v•ue w• below the detection limit. 

73.72 
13.41 
0.66 
2.80 
0.63 
1 .97 
3.22 
3.46 
0.26 
1 .20 

72.26 
1 3.99 
0.69 
2.7 1 
0.66 
2.23 
3.48 
3.96 
0.22 
1 .67 

6838 
1 3A9 
0�1 
2� 

�-
0� 
2.18 
3� 
338 
0.18 

96�9 

7 1 .73 
14.07 
0.64 
2.68 
0.66 
2.27 
4.01 
3.94 
0.1 9  
4.1 1 

69.81 
1 3.60 
0.64 
2.81 
0.1 3  
0.67 
2.06 
3.64 
3.66 
0 . 16 

96.96 

72.00 
14.02 
0.66 
2.90 
0.1 3 
0.69 
2.1 1 
3.76 
3.77 
0.16 
3 .06 

' Me.,.. and etanderd deviatiorw ere for grOUldm .. velua ebove detection limit only. 

73.40 
14.06 
0.61 
2.61 
'0.06 
0.64 
2.08 
2.67 
3.78 
0.23 

99.88 

73.49 
14 .08 
0.61 
2.61 
0.64 
2.09 
2.67 
3.79 
0.23 
0.12 

67.22 
13.10 
0.67 
2.66 
0.09 
0.49 
2.16 
3.07 
3.63 
0.29 

93.09 

72.21 
14 .08 
0.61 
2.76 
0.10 
0.63 
2.32 
3.30 
3.79 
0.31 
6.91 

• 1\aumed water - the difference between original analytical total (of onaly- above detection limit) and 100. 

2.66 
·o.oo 

0.62 
2.1 7  
3.66 
3.92 
0.23 

98.08 

7 1 . 10 
1 4.89 

0.26 
96.88 

72.40 
14.08 

0.61 0.69 
2.72 }:/ 2.7 1 

··,·0.1 3  

(2.�3) 

10331 
!0:40) 
.(0.04} 
;;Bsi 
�:621 

0.63 
2.22 
3.72 

�.64 ' iq;()3! 

3.99 
0.23 
1 .92 

• �:�: '.•••••· �;�il L 
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Pourahu Member [ignimbrite unit] [CT], Bullot Formation 

EMP analyses: glass in unbanded lapilli 

Si02 

AI,O, 

Ti02 

FeO 

M nO 

MoO 

CoO 

No,O 

K,O 

Cl 

Totol 

69.74 
1 3.38 
0.66 
2.43 

'0.00 
0.49 
1 .76 
3.23 
3.76 
0.18 

96.61 

69.04 
1 2.74 
0.47 
2.69 
'0.07 
0.48 
2.01 
3.31 
3.98 
0.26 

94.87 

69.10 
13.81 
0.40 
2.40 
'0.04 
0.49 
1 .86 
3.60 
3.73 
0.29 

96.66 

7 1 .78 
1 4.06 
0.48 
2.73 
·o.08 
0.60 
2.17 
1 .97 
3.96 
0.1 7 

97.82 

69.88 
1 3.90 
0.60 
2.46 
'0.03 
0.64 
2.01 
3.66 
3.79 
0 . 17  

96.81 

A�yses above detection limit normalised to 1 00% loss free 

Si02 

Al203 

Ti02 

FeO 

M nO 

MoO 

CoO 

No,O 

K,O 

Cl 

Water' 

73.02 
14 .01 
0.68 
2.66 

0.61 
1 .84 
3.39 
3.93 
0.18 
4.49 

72.77 
1 3.43 
0.49 
2.73 

0.61 
2. 1 2  
3.49 
4 . 19 
0.26 
6.1 3  

72.31 
14.46 
0.42 
2.61 

0.61 
1 .94 
3.66 
3.90 
0.30 
4.44 

• Indicates value w• below the detection limit. 

73.38 
14.37 
0.49 
2.79 

0.62 
2.22 
2.02 
4.04 
0.18 
2.1 8 

72 . 19 
1 4.36 
0.62 
2.64 

0.66 
2.08 
3.67 
3.92 
0 . 17  
3.20 

69.26 
1 3.48 
0.66 
2.61 
'0.07 
0.40 
1 .92 
3.64 
3.66 
0.20 

96.82 

72.27 
1 4.07 
0.66 
2.62 

0.42 
2.00 
3.80 
4.03 
0.21 
4 . 18 

70.84 
1 3.40 
0.60 
2.62 
'0.06 
0.63 
1 .96 
3.64 
3.96 
0.1 7 

97.49 

72.66 
1 3.76 
0.61 
2.68 

0.64 
2.00 
3.73 
4.06 
0.1 7  
2.6 1 

' Meerw rd atand•d deviatiorw •• for grol.Kldmaa veluea ebove detection limit My. 

72.06 
13.72 
0.64 
2.68 
'0.07 
0.61 
1 .97 
3.63 
3.82 
0.23 

99.16 

72.68 
13.84 
0.66 
2.70 

0.61 
1 .98 
3.66 
3.86 
0.23 
0.86 

7 1 .99 
1 3.63 
0.64 
2.64 
'0.02 
0.47 
2.10 
3.66 
3.92 
0.16 

99.00 

72.72 
1 3.77 
0.66 
2.67 

0.47 
2.12 
3.69 
3.96 
0.16 
1 .00 

1 Asaumed weter • the difference between ortginal .-..lyticel totel lof analySM ebove detection limitl .nd 1 00. 

67.42 
1 3.84 
0.63 
2.64 
'0.09 
0.47 
1 .91 
3.69 
3.62 
0.21 

94.14 

7 1 .62 
1 4.7 1 
0.66 
2.70 

0.60 
2.03 
3.81 
3.86 
0.22 
6.86 

70. 1 6  
1 4.06 
0.67 
2.61 
'0.07 
0.63 
1 .96 
3.39 
3.71 
0 . 18 

97.07 

72.28 
1 4.48 
0.69 
2.69 

0.64 
2.01 
3.60 
3.83 
0.19 
2.93 

0.47 
1 .78 
3.62 
3.97 
0.16 

99.62 

72 .73 
14.48 
0.49 
2.37 

0.47 

67.10 
1 1 . 10 
0.60 
4 . 16 
'0.03 
3 . 14 
6.87 
3.93 
2.92 
0. 18 

98.90 

67.86 
1 1 .22 
0.61 
4.21 

3.1 7 
6.93 
3.98 
2.96 
0 . 18 
1 .1 0  

67.66 
1 1 .44 
0.43 
3.69 
·o.oo 
2.91 
6.19 
4.06 
3. 17 
'0.09 
98.43 

68.63 
1 1 .62 
0.44 
3.76 

2.96 
6.27 
4. 12 
3.22 

1 .67 

66�7 
1 3.62 
0� 
4� 
'0.1 1 
2� 
2.18 
3� 
3� 
0� 

97�3 

68.7 1 
1 3.93 
0.68 
4.69 

2.66 
2.24 
3.61 
3.38 
0.21 
2.97 

69.34 
1 3.64 
0.43 
2.62 
0.10 
0.63 
1 .93 
3.73 
3.82 
0.21 

96.26 

72.04 
14.06 
0.46 
2.73 
0.1 1 
0.66 
2.01 
3.87 
3.97 
0.21 
3.76 

89.79 
1 3.43 
0.64 
2.81 
'0.03 
0.61 
1 .87 
3.78 
3.91 
0.20 

96.82 

72.08 
1 3.87 
0.66 
2.90 

0.63 
1 .93 
3.88 
4.04 
0.21 
3.1 9 
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Pourahu Member [ignimbrite unit] [CTL Bullot Formation 

EMP analyses : glass in banded lapilli (continued ... } 

SiO, 66.92 64.27 6 1 .69 68.62 67.08 66.02 )��'?! }%:t1t 
All03 1 3.46 1 3.24 1 1 .48 13.68 1 3.61 16 . 18 ?�Wl! W�R 
TiO, 0.69 0.7 1 0.66 0.60 0.69 0.61 

�;�� �[��} FeO 4.0 1 6.27 7.60 2.66 3.81 2.98 
M nO '0.07 0 . 16 0 . 16 '0.04 '0.10 '0.06 

!111 !:li1l MoO 1 .38 3 . 18 6.06 0.60 1 . 1 3  0.78 
CoO 3.07 3.90 3.97 2.20 2.78 4.46 

No,O 3.64 2.16 2.64 3.66 3.71 3.42 
f �# �NF 

K,O 3. 14 2.64 2.20 3.76 3.34 2.74 B:�� WMW 
Cl 0.1 6 0 . 17 0 . 18 0.22 0.1 1 0.1 7 

�J�;� iJ:�� Toto! 96.37 96.68 96.61 96.48 96.06 97.26 

Analyses above detection limit normaliaed to 100% loa free 

Si01 69.44 67 . 1 8  63.92 7 1 .87 69.83 67.89 

AJ203 1 3.97 1 3.84 1 1 .90 1 4.23 14 . 1 7  1 6.64 
TiO, 0.72 0.74 0.68 0.62 0.72 0.62 
FeO 4.1 6 6.60 7.77 2.67 3.76 3.06 

M nO 0. 17 0 . 16 
MoO 1 .43 3.33 6.26 0.63 1 . 1 7  0.81 

CoO 3.1 8 4.07 4.1 1 2.31 2.90 4.68 

No,O 3.68 2.24 2.73 3.71 3.86 3.62 

K,O 3.26 2.76 2.28 3.94 3.47 2.81 
Cl 0.1 6  0 . 17 0 . 19 0.23 0.1 2  0.1 8 
W•ter• 3.63 4.32 3.49 4.62 3.96 2.76 

' lndicoteo volue w• below the detection limit. 
1 Me..-.. end •tenderd deviatione are for groundm- veh .... above detection limit only. 

63.21 
14 .01 
0.68 
6.16 
'0.07 
2.61 
3.76 
3.66 
2.40 
0.16 

96.63 

66.17 
14 .67 
0.71 
6 .40 

2.73 
3.93 
3.73 
2.61 
0.17 
4.47 

' Aaumed woter - the difference between ot"!Qinol onolyticol toto! (of onoly- obove detection limit) ond 100. 

64.93 68.68 61 . 1 9  
1 3.22 1 2.99 1 3.39 
0.64 0.60 0.81 0.70 0.66 

4.62 3.40 7.68 3.67 2.89 
0 . 19 '0.09 '0.09 '0.03 '0.07 
2.79 0.66 3.66 0.90 0.67 
2.87 2.34 4.44 6.63 2.26 
3.36 3.28 3.40 4.10 4. 12 
2.33 3.47 1 .89 2.06 3.76 
0. 12 0. 17 0.08 0.1 8 0.20 

96.07 96.67 96.61 97.04 98.37 

68.30 7 1 .86 63.41 
13 .91 1 3.69 1 3.87 
0.67 0.63 0.83 0.72 0.67 
4.86 3.66 7.96 3.78 2.94 

0.20 
2.94 0.69 3.78 0.92 0.68 
3.02 2.46 4.60 6.80 2.30 
3.63 3.41 3.62 4.22 4 . 19 
2.46 3.63 1 .96 2 . 12 3.81 
0.13 0.18 0.08 0. 18 0.21 
4.93 4.43 3.49 2.96 1 .63 

h. 
1\.) 
Q:) 
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Pourahu Member [ignimbrite unit] [CT], Bullot Formation 

EMP analyses: glass in banded lapilli ( ... continued} 

Si02 72.77 69.66 7 1 .26 73.06 72.93 73.37 
Al203 1 3.66 1 6.21 1 2.73 1 2.67 1 3.03 1 3.39 
Ti02 0.44 0.67 0.37 0.37 0.39 0.37 
FeO 2.41 2.73 2.09 2.10 2.00 2.03 
M nO '0.01 '0.08 '0.01 '0.06 '0,03 ·o.oo 
M gO 0.34 0.48 0.27 0.30 0.24 0.26 
CoO 1 .72 3.06 1 .49 1 .60 1 .48 1 .64 
Na,o 3. 1 3  3.33 2.96 3.06 3.49 3.67 
K20 4.06 3.66 4.10 4.04 4.21 4.40 
Cl 0.19 0 . 1 9  0.19 0.16 0.16 0.23 
Total 98.7 1 98.66 96.46 97.26 97.92 99.26 

Analyses above detection limit normaltsed to 1 00% loss free 

Si02 73.72 70.6 1 74.66 76.13 74.48 73.92 

: : ;;:q §[�;.� AJ,o, 1 3.82 1 6.4 1 1 3.34 1 3.03 13.30 1 3.49 
Ti02 0.46 0.68 0.39 0.38 0.40 0.37 :�;

4
� , :J?f?R 

FeO 2.44 2.76 2.19 2.16 2.04 2.06 :: 2.27. }19':;!6! 
M nO 

M gO 0.34 0.49 0.28 0.3 1 0.24 0.26 · ::::.: �;:q2;::: :: : :·:to::o8F: 
CoO 1 .74 3.09 1 .66 1 .64 1 .62 1 .66 ·,,,, .• , •.. 1

.
:8�:···:::: : �·�!!> 

Na,O 3.1 7  3.38 3.10 3.16 3.66 3.70 ... 3.34 . · :·:to; •221:·:: 
K20 4 . 12 3.60 4.29 4 . 16 4.30 4.43 

:
�,1� : )��?i: 

Cl 0.19 0.1 9 0.19 0.16 0.16 0.23 · · ' ·o; 111 · ··· :'::IO';o·2F 
Water1 1 .29 1 .34 4.66 2.76 2.08 0.74 '< : ?;� �  : .· Mk�f 

• Indicates value w• below the detection limit. 
' Me..,. and st�erd deviatior. are for groundm ... vah•• above detection limit only. 

67.04 
14.46 
0.76 
3.36 
'0.07 
0.62 
2.64 

3.97 
3.47 
0.20 

96.41 

69.64 
14.98 
0.79 
3.48 

0.64 
2.64 
4.12 
3.60 
0.21 
3.69 

' AaLmed water - the difference betwMn original analytical total (of analy- above detection limitl and 1 00. 

68.64 
14.26 
0.68 
2.97 
'0.06 
0.48 
1 .94 
3.90 
3.74 
0. 19 

96.69 

70.89 
14.73 
0.71 
3.07 

0.60 
2.01 
4.03 
3.87 
0.20 
3.31 

h 
I\) 
<o 
0 



Member l6 (pink lapilli), Bullet Formation 

EMP analyses: glass 

Si02 

AJ,o, 

Ti02 

FeO 

M nO 

M gO 

CoO 

No,O 

K20 

Cl 

Totol 

86.99 
1 3.89 
0.78 
3.66 
'0.07 
0.91 
3.21 
3.88 
2.90 
0.28 

94.91 

89.28 
14 .77 
0.66 
3.42 

·o.oo 
0.94 
3.04 
3.88 
0.60 
0. 1 8  

98.76  

87.71 
14.20 
0.87 
3.48 
'0.03 
0.89 
2.93 
4.00 
3.08 
0.21 

97 .34 

89.10 
14 .68 
0.78 
3.86 
0.10 
0.99 
3.28 
3.73 
3.08 
0 . 19 

99.46 

87.30 
14.82 
0.74 
3.97 
'0.03 
1 .88 
3.86 
3 .80 
2.79 
0.1 1  

98.67 

Analyses above detection limit normalised to 1 00% loss free 

Si01 

AI,O, 

Ti02 

FeO 

M nO 

M gO 

CoO 

No,O 

K20 

Cl 

Water• 

69.62 
14.42 
0.80 
3.74 

0.98 
3.38 
3.86 
3.08 
0.27 
6.09 

7 1 .6 1  
1 6.27 
0.67 
3.63 

0.97 
3 . 14  
4.0 1  
0.62 
0. 1 9  
3.26 

69.66 
14.69 
0.90 
3.66 

0.92 
3.01 
4.1 1 
3.16 
0.22 
2.66 

· lndic•tn value w• �ow the detection limit. 

69.48 
14.84 
0.78 
3.67 
0.10 
1 .00 
3.30 
3.76 
3.09 
0.20 
0.64 

68.21 
14 .82 
0.76 
4.02 

1 .90 
3.70 
3.66 
2.83 
0.1 1  
1 .33 

87.21 
14.64 
0.77 
3.73 

·o.oo 
1 .09 
3.42 
3.81 
3.07 
0.20 

97.94 

68.63 
1 4.96 
0.79 
3.81 

1 . 1 1  
3.49 
3.89 
3.14 
0.20 
2.06 

86.88 
1 8. 1 1  
0.80 
3.28 
'0.08 
1 . 1 4  
4.66 
3.78 
2.88 
0.23 

98.24 

67.06 
16.39 
0.61 
3.34 

1 . 1 6  
4.64 
3.86 
2.72 
0.23 
1 .76 

' Mearw and atandard devimiorw are for grCM..ndman veiUM above detection limit only. 

86.26 
1 4.01 
0.68 
3.7 1 
'0.09 
1 .03 
3.34 
3.42 
2.7 1 
0.24 

96.37 

69.46 
14 .69 
0.71 
3.89 

1 .08 
3.60 
3.69 
2.84 
0.26 
4.63 

68.37 
1 4.60 
0.68 
3.70 
'0.08 
0.98 
3.02 
3.67 
3.20 
0.22 

98.19 

68.63 
1 4.78 
0.67 
3.78 

0.98 
3.07 
3.64 
3.28 
0.23 
1 .81 

• Aa<.med woter - the difference between originol onolyticol totol (of onolyeee obove detection limit) ond 1 00. 

67.01 
1 4.21 
0.87 
3.67 
'0.01 
0.83 
2.98 
3.82 
3.00 
0.24 

96.22 

69.84 
14 .77 
0.89 
3.7 1 

0.86 
3.00 
3.97 
3. 1 1  
0.26 
3.78 

89.24 
14 .47 
0.78 
3.96 
'0.04 
1 .07 
3 . 12 
3.82 
3 . 13 
0. 19 

98.76 

89.10 
1 4.66 
0.79 
4.00 

1 .09 
3 . 16 
3.88 
3. 1 8  
0.1 9 
1 .24 

88.98 
1 4.84 
0.80 
4.01 
'0.08 
1 . 1 1  
3.60 
2.36 
3.06 
0. 1 9  

98.84 

69. 1 6  
1 6.33 
0.82 
4.14 

1 . 14 
3.61 
2.43 
3.1 6 
0.19 
3.1 6 

69.28 
14.63 
0.74 
3.82 
'0.08 
0.93 
2.93 
3.79 
3.30 
0.23 

99.63 

69.60 
14 .60 
0.74 
3.83 

0.94 
2.94 
3.80 
3.31 
0.23 
0.47 

89.14 
1 4.86 
0.79 
3.60 
'0.04 
1 .03 
2.87 
3.98 
3 . 12 
0 . 14 

99.20 

69.69 
14 .77 
0.80 
3.63 

1 .04 
2.90 
3.99 
3.14 
0.14 
0.80 

87.83 
1 4.26 
0.73 
3.44 
'0.01 
0.89 
2.90 
3.89 
3.41 
0.21 

97.33 

89.69 
1 4.64 
0.76 
3.63 

0.92 
2.98 
3.79 
3.60 
0.22 
2.68 

h. 
1\) 
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Member L3 (hokey pokey lapill i ) ,  Bullot Formation 

EMP analyses: glass 

SiO, 

Al20, 

TiO, 

FeO 

M nO 

M gO 

CaO 

Na,O 

K,O 

Cl 

Total 

68.86 
1 7 .39 
0.80 
6.26 
"0. 1 3  
3.49 
7 .39 
3.89 
1 .7 7  
0.07 

98.89 

69.28 
1 7 .09 
0.96 
6.88 

·o.oo 
3.74 
7.03 
3.67 
1 .77 
0.07 

88.48 

68.23 
1 6.81 
0.83 
6.68 
"0.02 
3.32 
7.33 
3.66 
1 .78 
"0.06 
98.64 

68.26 
1 6.88 
0.83 
6.86 
·o.oo 
3.71 
7 .31 
3.43 
1 .80 
·o.oo 
89.27 

69.28 
1 6.89 
0.74 
5.78 

"0.03 
3.80 
7 . 18  
3.50 
1 .65 
0.08 

88.80 

Analyses above detection limit normalised to 100% loss free 

SiO, 

AJ203 

Ti02 

FeO 

M nO 

M gO 

CaO 

Na,o 

K,O 

Cl 

Water• 

68.60 
1 7 .68 
0.81 
5.31 

3.53 
7 .47 
3.83 
1 .78 
0.07 
1 . 1 1  

69.60 
1 7 . 18 
0.95 
5.9 1 

3.76 
7.06 
3.69 
1 .78 
0.07 
0.52 

60.06 
1 7 .04 
0.85 
5.76 

3.36 
7.43 
3.70 
1 .8 1  

1 .36 

· lndicata value w• �ow the detection limit. 

69.68 
1 7 .00 
0.84 
6.01 

3.73 
7.36 
3.45 
1 .8 1  

0.73 

58.94 
1 7 .08 
0.75 
5.85 

3.84 
7.26 
3.63 
1 .67 
0.09 
1 . 1 0  

58.81 
16.65 
0.88 
5.70 
"0. 1 2  
3.42 
7 . 1 6  
3.68 
1 .80 
0.14 

88.33 

59.81 
1 6.83 
0.88 
5.80 

3.48 
7.27 
3.74 
1 .83 
0 . 15 
1 .67 

58.70 
1 6.67 
0.88 
5.56 
0.28 
3.61 
7 . 16 
3.47 
1 .78 
0.07 

88. 1 8  

60. 1 8  
1 6.81 
0.87 
5.61 
0.30 

3.64 
7.22 
3.50 
1 .80 
0.07 
0.83 

' Me.,.. end atandard deviatiorw ere for orCM..M"tdmMS values above detection limit onty. 

58.98 
1 7.00 
0.97 
5.66 

"0.14 
3.46 
7 . 14 
3.72 
1 .77 
0.09 

88.79 

59.70 
1 7 .21 
0.88 
6.72 

3.50 
7.22 
3.76 
1 .79 
0.09 
1 .2 1  

58.14 
1 6.77 
0.77 
5.66 
"0.02 
3.67 
7.22 
3.36 
1 .72 
0.13 

88.33 

60.14 
1 7 .06 
0.78 
6.64 

3.73 
7.34 
3.42 
1 .76 
0.14 
1 .67 

• Aaumed water - the difference between origin.l analytical total {of enaly.ee above detection limit) end 1 00. 

58.83 
1 7 .01 
0.72 
6.85 
"0. 1 2  
3.47 
7.27 
3.55 
1 .68 
0.08 

88.67 

68.79 
1 7 .26 
0.73 
5.93 

3.52 
7.38 
3.61 
1 .7 1  
0.08 
1 .43 

3.87 
7.03 
3.38 
1 .78 
0.08 

1 6.88 
0.78 
5.86 
0.22 
2.60 
7.28 
3.98 
1 .86 
0.1 5 

87.58 

69.29 
1 7 .3 1  
0.80 
6.01 
0.22 
2.67 
7.46 
4.07 
2.01 
0 . 16 
2.42 

55. 1 9  
1 7 .83 
0.70 
6.65 
"0.02 
3.10 
8.88 
3.39 
1 .25 
0. 1 2  

87.10 

56.84 
1 8.36 
0.72 
6.86 

3. 1 9  
9.14 
3.49 
1 .29 
0.12 
2.80 

55.06 
1 7 .43 
0.76 
6.66 
0.24 
3.62 
8.38 
3.07 
1 .32 
0.16 

96.68 

56.86 
1 8.03 
0.78 
6.88 
0.26 
3.74 
8.66 
3.17 
1 .36 
0.15 
3.32 

56.68 
1 7 .68 
0.56 
6.60 
·o.o9 
3.06 
8.14 
3.65 
1 .60 
0.1 5 

97 .92 

67.88 
1 7 .95 
0.57 
6.64 

3 . 13 
8.31 
3.72 
1 .63 
0.16 
2.08 

):.. 
1\) 
<o 
1\) 



Bullet Formation 

XRF bulk rock analyses: pumice lapilli ( major elements) 

Si02 68.82 69.70 69.77 80.01 67.06 49.82 64.71 60.97 

Al20, 18.61 18.18 17.01 1 7.07 17.88 19.77 17.87 18.76 

Ti02 0.89 0.70 0.87 0.88 0.73 0.83 0.75 0.72 

FeO 8.43 8.48 8.64 8.61 8.88 8.25 7.86 7.85 

M nO 0.10 0.10 0. 1 1  0.11 0. 1 1  0. 1 1  0. 1 1  0.12 

M gO 3.48 3.69 3.61 3.41 "' 3.88 3.89 ,,29 6.77 

CoO 6.83 6.90 6.90 8. 1 2  8.23 8.19 8.68 8. 1 6  

Na,O 3.07 3.16 3.37 3.43 3.13 2. 1 7  2.66 2.00 

K,o 1.88 1.95 1.88 1.87 1 . 83  0.88 1.27 0.89 

P205 0.14 0.13 0. 14 0.1, 0.14 0.10 0.12 0.10 

L.O.I. 2.66 1.84 1.40 0.78 2.84 8.� 3.68 8.25 

An1lyses normalised to 100% loss free 

Si02 80.87 61.00 80.,5 80.40 68.65 64.18 67.00 65.92 

Al20, 1 7.03 18.53 17.20 17.18 18.12 21.68 18.82 18.38 

Ti02 0.71 0.72 0.68 0.88 0.75 0.91 0.78 0.79 

FeO 8.83 8.80 8.81 8.66 7.08 9.01 7.97 8.39 

M nO 0.10 0.10 0. 1 1  0. 1 1  0. 1 1  0.12 0. 1 1  0. 13 

M gO 3.69 3.87 3.65 3.43 3.98 4.00 ,,,7 8.33 

CoO 8.01 8.00 6.97 8.18 8.39 8.78 8.83 8.76 

No20 3.17 3.23 3.41 3,,5 3.21 2.37 2.77 2.23 

K20 1.� 1.99 1 . 88  1.88 1.87 0.98 1.32 0.98 

P205 0.1, 0.13 0. 1, 0. 14 0, 1, 0. 1 1  0.13 0. 1 1  

L.O.I. • l oa  on ignition 
• unbanded 
' banded 
Bulk rock anely- courteoy of Or J. Gamble, Victorio Reoeorch School of Eorth Scienceo. 
Sompleo were procesaed on • Philipe PW1404 Automotic Sequential X-Roy Spectrometer by onalyot K. Polmer. 

)::.. 
1\v 
(0 
(o\) 



APPENDIX IV 

MISCEllANEOUS 

IVa lithic: Pumiceous: Scoriaceous p. A 295 
Lapilli Ratios 

IVb Palynological Results p. A 296 



Proportions of lithic, pumiceous and scoriaceous lapilli in some Tongariro Volcanic Centre tephras (determined by point count of 400 lapilli in > 2  mm fraction) r · ····· · ··.· ·

r
· · . · . . . . . . .  · · l.. · ·. I < : : �9m��$m�&w :: 1': :: : : :J : @�m���w�� u 1 

5 

I 
32 

I 
63 

I I 
1 1 

I 
55 

I 
34 

I 
I 19 I 77 I 4 

13 53 34 25 42 33 

Member L16 (Bt) 

32 45 23 I 28 54 I 18 

4 14 82 I 16 19 65 Shawcroft Tephra (Bt) I 22 I 62 I 16 

24 52 24 Te Rato Lapilli (Mm) I 9 21 70 

Waihohonu Lapilli (Mm) I 30 28 42 

Pahoka Tephra 1 1 71 18 Member L8 (Bt) 1 1 87 I 2 

26 19 55 12 45 43 Member L7b (Bt) 3 97 

27 56 17 23 70 7 Member L6 (Bt) 7 90 I 3 

32 38 30 9 70 21 Member L4 (Bt) 

19 60 21 Member L3 (Bt) 6 90 I 4 
Tf = Tufa Trig Formation 
Mm = Mangamate Tephra 11 48 41 Rotoaira Lapilli (Bt) 6 94 

Bt = Bullot Formation 23 62 15 8 92 

;s 
(0 
01 



POLLEN ANALYSIS 
SOIL SAMPLE FROM RANGIPO DESERT, X88/ 1 9  

a nalysis by: 
Dr M. McGione 
Botany Division 
DSIR1 

The sample contained abundant, well preserved pollen. Results are as follows: 

Nothofagus fusca type . . . . . . . . . . . . . . . . . . . . . . . . . . 93.6 
Nothofagus menzieii . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 .3 
Dacrydium cupressinum . . . . . . . . . . . . . . . . . . . . . . . . . .  1. 5 
Dacrycarpus dacrydioides . . . . . . . . . . . . . . . . . . . . . . . . trace 
Prumnopitys ferruginea . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.8 

( = Podocarpus ferrugineus) 
P. taxifolia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.3 

( = Podocarpus spicatus) 
Podocarpus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 8 

( = Podocarpus totara type) 
Ascarina lucida . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . trace 
Halocarpus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.3 

( = Dacrydium bidwillii type) 
Phyllocladus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.3 
Coprosma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . trace 
Coriaria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.3 
Psuedowintera . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  trace 
Cyathea dealbata type . . . . . . . . . . . . . . . . . . . . . . . . . . .  0. 3 
Cyathea smithii . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0. 8 
Dicksonia lanata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  trace 
D. squarrosa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  trace 
Histiopteris . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . trace 
Hymenophyllum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.3 
L ycopodium fastigiatum . . . . . . . . . . . . . . . . . . . . . . . . .  trace 
Phymatosorus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . trace 

Total Pollen Counted = 390 

POLLEN SUM all woody plants 

Dr McGione concludes: 

A296 

The sample came from within a pure stand of Nothofagus fusca type forest - probably, 
at that location [Rangipo Desert] , N. solandri var. cliffortioides. There is little indication of any 
other forest trees close to the site, or even of understorey small  trees and shrubs. The total 
of about 6 %  of podocarp pollen, and the few tree fern spores, probably came from relatively 
distant sites. There is no indication of any disturbance of the forest, nor of charcoal. 

1 Canterbury Agriculture and Science Centre, Ellesmere Ju nction Road, Lincoln. 
Postal : Private Bag, Christchurch, New Zealand. 
Telephone: 252-51 1 Telex: NZ4703 Telegrams: PLANTLAB Facsimile: 252-074 
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