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Abstract. 

Mangere Is land consists almost entirely of a lkali basalt of the late Miocene 

earl y Pliocene Rang iauri a Formati o n (Campbe ll e t a l. , 1993 ) with outc rops of the 

sedime ntary Tupuang i Formatio n o n the east coast and the Mangere Fo rmati o n 

(Campbell , et al. , 1993), a sedime ntary remnant , mainl y lacu strine but also pa rtl y 

m arine , ly ing between the no rtheaste rn and southweste rn groups of vo lcanic ve nts of 

M angere Is land : 

As a result of the present work the sedime ntary Mangere Fo rmation of 

Campbe ll et al. ( 1993) has been di vide d into two fo rmati ons, Mangere Fo rmati on 

a nd the overl y ing Parakeet Formati on. Mangere Fo rm ati on cons ists of ( I ) a Basal 

m e mbe r (32 m of muds to ne) , and (2) a Cyc lic me mber ( 12 .6m of a lte rnating 

sandstones and mudsto nes) . Parakee t Formati o n has ( I ) a Carbonaceous member 

(0 .6m Of organic ric h muds to nes) , (2) a Skua me mber ( 16.8 m of tu ffaceo us 

s il tsto ne), and (3) a capping rhyo liti c tephra. The Basal me mber of the Ma nge re 

Fo rmati on is unde rl a in by a brecc ia tha t is tex tu ra ll y ex treme ly variab le (Bag End 

b recc ia). 

A sed ime ntary o utcrop o n the easte rn coast of Mangere Island is 

li tholog icall y and m ineralog icall y ide nti cal to T upuang i Formati o n o n Pitt Is land as 

we ll as hav ing the same C re taceous poll en suite . Thus it is in fe rred th at, at the time 

of Rang iauri a vo lcan ism, Tu puang i Fo rmati on and its overl y ing Terti ary stra ta 

ex tended from Pitt Is land at least as fa r as Mangere Is land . 

An arm of the sea be tween two Mangere Is land vo lcani c centres ex tended 

to wards W aihere Bay , Pitt Is land . At some time in the late Pliocene , vo lcanic debri s 

avalanches from the no rtheast and southwest groups of ve nts fo rmed a debri s dam 

that blocked o ff the seaward side o f the sea arm, resulting in the fo rmati on an 

o ligotrophic fresh wate r lake. As a result of a low e nergy reg ime and vegeta ted 

s lopes, the lake filled to ca . 30m w ith very fine sediment (the B asal me mber) fro m 

bo th the volcanics of M angere Is land and the qu artzofe lspathi c Tupuang i Formati o n 

of Pitt/Mangere Island. 
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Following thi s a debris dam, formed by volcanic debris avalanches, was 

breached by a rising sea. Local marine influence in sto rms destabli sed the slo pes 

s urrounding the then shallow lake resulting in the influx of coarse sands which 

alternated with mudstones depos ited during quieter periods (the Cyclic Member). 

At the end of thi s pe ri od the re was a eustatic fall of sea level or tecto ni c uplift 

o r both , probably resulting in subaeri al erosion and an unconformity between the 

Cyclic and Carbonaceous Me mbers. 

A second shallow fresh water lake (the Carbonaceous member) was 

established o n the top of the Cyclic member. Thi s lake was later ove rwhe lmed by 

w ind-blown mate ri al derived from a depos it of Pa leocene Red Bluff Tu ff exposed 

probably by a fa lling sea leve l or marine erosion. The reworked Red Bluff Tuff was 

late r covered by a layer of rh yo liti c tephra probably from the Taupo Volcanic Zone 

(TVZ), North Is land , New Zealand. 

The distinctive jointing pattern seen 111 the sandstone units of the Cyc li c 

member resulted from doming w ith a principal stress directed northwest-southeast. 

This probably corre lates w ith tectonic uplift in the Castlecliffian. 

The lack of any positive time markers makes dating the formation rather 

indeterminate, but the Basal and Cyclic members (Mangere Format ion) are probably 

upper Mangapanian and the Skua member probably Quaternary. The sequence is 

generall y lacking in fossi ls , except for palynomorphs wh ich occur thro ugho ut, and 

ostracods which occur only in the Cycl ic member. Neither proved useful fo r dat ing 

the seq ue nce. 

The pollen diagrams show a consistent coasta l plant assoc iat io n of small 

trees , shrubs, herbs and fe rn s throughout the history of the sequence, with the 

implicati on that climate during this time did not vary greatl y from a mild, moist, 

equable mean. 
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Chapter l . 

Introduction. 

l.0.0 Aims. 

The primary aims of this study were to: 

• Provide a detailed description of the stratigraphy o f the Mangere 

Formation (as defined by Campbell el al. ( 1993). 

• Determine the areal extent of the Mangere Formation 

• Determine the provenance of the Mangere Format ion 

• Explain the palaeohistory of the Mangere formation 

• Determine the pa laeoc limate at the time or deposition of the Mangere 

Formation. using palynology and other microfossils 

• Determine the time or deposition or the Mangere Formation. 

I . 1.0. Thesis structure. 

This thes is comprises fi,,c chapters. Chapter I is an introduction to the stud) 

area. It CO\'ers the aims of the study. and the locat ion of the study area. together,, ith 

notes on the history and phys iography or Mangere I land. plus some background on 

Mangere lsland·s conscn·at ion importance. The regional geo log) or the Chatham 

Islands. and especially Pitt Island. is briefly coYered as this is re le,,ant to the 

Mangere Island stud y. Finally. in Chapter I. previous geo logical ,,ork on Mangerc 

Island is CO\'ered. Chapter 2 details and explains the methods o f fi eld and laborator) 

work used in the study. Chapter 3 detai ls the results of fi eld and laboratory \\Ork and 

includes stratigraphic co lumns of the Tupuangi and Mang ere Format ions on Mangere 

Island. Chapter 4 discusses the results of field and laboratory work g iven in chapters 

2 and 3. and reconstructs the palaeohistory of the Mangere Formation as a series of 

maps. Chapter 5 details the conclusions of the study and relates them to the Haq el 

al. ( 1987) sea level curve. 

l. l. l . Location of the study area. 

The Chatham Islands are located approximately 850 km east o f Christchurch 

(Fig. I). The main economic activity is fishing (blue cod. crayfi sh, paua) and sheep 

farming for woo l. The islands were origina lly inhabited by the Moriori. In the mid-
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nineteenth century they were sett led by Europeans and in 1835 the Moriori were 

largely displaced as a result of a Maori invasion from mainland ew Zealand (King. 

1990). 
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The largest island is Chatham Island , over 50% of which is covered in 

blanket peat, followed in order of decreas ing size by Pitt Island , South East Island, 

and Mangere Is la nd (the object of this study), as well as many smaller islands, rocks, 

and reefs.Mangere Is land lies 2.3 km off the west coast of Pitt Island. It is 

approxi mate ly 2.3 km long and 1.2 km at its widest (F ig. 2). Associated with it are a 

number of sma lle r is lands. the most prominent of which are Little Mangere Isla nd , 

The Castle, Pyramid Rock. and Sail Rock (F ig. 1), as well as a number of small rocks 

and reefs. These is la nd s and rocks are all vo lcanic and of Late Miocene or Early 

Pliocene age. except for the sedimentary Tupuangi (Cretaceous) and Mangere 

Format io ns (upper Pliocene) on Mangere Is land. 

1.1.2. Mangere Island, historical and biological background. 

Mangere Is la nd was large ly fo rested until the 1890's when the fo rest was 

c leared for sheep fa rming which continued until 1966 (Atkinson 2003) . The isla nd 

was made a nature rese rve in 1967 (Atkinson. 2003 ). and an extensive reafforestation 

programme of mainly C hatha m Island akeake (0/eorio tral'ersii) was initiated. The 

present vegetation is broadly. akeake fo rest. koromiko scrub. naxland. herbfie lds. 

and introduced grasses. Between 1970 and 1989 (Atkinson 2003) C hatham Isla nd 

snipe. black robins, shore plover. and Chatha m Island tomtits were re introduced . The 

Island is also important for severa l threatened spec ies of invertebrate; the Rangatira 

spider. the coxe lla weevi l which li ves on the las t remaining area of Dieffenbach ' s 

speargrass fo und onl y on Mangere Is land , the g ia nt c lick beetle (Amy chus candezei) 

as we ll as a fli g htless carabid beetle (Mecodema alterans), a nocturna l fli ghtle ss stag 

beetle (Geodorcus capita), plus a number of moths. Skinks are abundant on the 

island . In addition to the above me ntioned birds there are sooty shearwaters, fairy 

prions, broad billed prions, black- w inged petrels, blue penguins, C hatham Island 

oyster catchers, Pitt Island shags, red-billed gull s and white-fronted te rns . Land birds 

include brown skua, Forbes parakeet, and C hatham Islands warblers, tuis, and 

parakeets. 
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1.1.3. Mangere Island Phys iography (Figs.2 and 3). 

The Island can be divided into 3 major topographic units: 

I. A top plateau to the north. bounded on its northern and western sides 

by 200 metre-high cli ffs of mass ive resistant breccia which rise 

almost vertically from the sea. The eastern side of the plateau fa lls 

precipitously to Black Robin Bush where huge blocks fa llen from the 

cliff above are scattered on a co ll uvial footslope that extends to the 

shoreline. 

2. To the south. the top plateau gi\'es way to the more gent ly sloping 

Douglas Basin and this merges into: 

3. A long narrow. genera ll y steep sided southwest-trending peninsula 

\Vith a central ridge attaining a height o r no more than I 00 111. The 

lowest part or this peninsula is occupied by the Mangere Formation 

(as de fi ned by Campbell et of. 1993). a flat lying sedimentary 

sequence. 350 metres long and a,·eraging about 175 metres wide wit h 

the highest point at 72 m.a.s.l.( metres above sea le,·el) (Figs. 2 and 3). 

The lower part of the fo rmation is a skirt sloping m,·ay from a layered 

sequence at about -t0° (F igs. -+ and 5). The cliff face or the layered 

sequence slopes at about 60° and the upper part is near , ·crtical. 

Although the prevai ling wind direction is south,,·est. northwesterl ies arc 

frequent. The western side of the island is thus subject to a high frequency or rough 

seas \,\ hich account for the steep cliffs or the indurated northern mass if or Mangere 

Island and Little Mangere Island. as well as wave-cut plat fo rms ,\hich occur only on 

the southwest-trending peninsula and are also partly a consequence of its much le s 

consolidated lithology. 
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Figure 3. Aeria l photo or Mangere Island showing: A: Top Plateau. B: Douglas 

Basin. C: rockfa ll footslope (covered by Robin Bush). D: The eek. E: 

the lower peninsula. F: the extent of the llangere Format ion. G: v,a,·e cut 

platform. I: Tupuangi Formation. The green lines on the Top Plateau and 

the lower peninsula arc akeake hedges planted as part or a Department or 

Consen ·at ion (DOC ) reafforestation programme. Photo: Dept. or Lands 

and Sun·ey. 

Figure 4. View of Mangere Formation taken fro m the orth Landing. The DOC 

hut is the white object at the extreme centre right o f the photograph and 

The eek is al the extreme left. The 01th Land ing is marked by the 

--x"at centre foreground. The South Landing is opposite this on the other 

side of the Mangere Format ion. The photograph was taken from the 

seaward edge of the wave-cut platform. 
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Figure 5. View of Mangere Formation taken from Douglas Basin looking 

southwest along the lower peninsula. The Mangere Formation remnant is 

the hill in the centre of the photograph. The North Landing is marked 

with an '•X"' at the end of the inlet in the wave-cut platform just below the 

hut at the centre right. The South Landing, ··y··. is on the wave-cut 

p latform at the centre left of the photograph. Little Mangere Island is at 

the top right hand corner. (Photo : Mark Bellingham) . 

1.2.0. Regional Geology. 

Introduction. 

The C hatham Islands lie on the easternmost emergent structural high of the 

Chatham Rise. The Chatham Rise is a sha llowly submerged (to about 400 m a long its 

crest) block of continental crust w hich was probably formed at the edge of the proto

Pacific plate when it was Gondwana (Campbe ll et al. 1993, p. 29) . Structurally the 

Chatham Rise extends about 250 km to the east of the Chatham Islands and 950 km 

west to the A lpine Fau lt and is about I 00 km wide. The Rise was originally part of 

Gondwana and probably adjacent to Antarctica. The Rise is bounded to the north by 
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the Hikurang i Plateau and to the south by the Bounty Trough. T he Mernoo Gap at 

the western e nd of the Ri se is part of a fo re land bas in which includes the Canterbury 

Pla ins and she lf and which deve lo ped during Late M iocene time (F ig. 6). The 

Chatha m Isla nd s is the only emerge nt area o n the Rise. There is no sati sfactory 

explanation for thi s at present a ltho ugh the Isla nds themse lves may be the result of 

therma l upli ft assoc iated w ith Late Cretaceous vo lcanis m. In the past the Verya n and 

Mernoo Banks may have been e mergent as there is ev idence of eros io n on them 

(Campbe ll et al. 1993). 

# ~ r=,-,. 
,,, Camp~II Plateau S ale 1 :730000 

1700 18()0 - 1n;0 - 1700 

Figure 6. Reg iona l bathymetry a nd tecto nic feat ures of the Chat ham Ri se (adapted 

fro m Wood and Anderson 1989: p. 269) . 

A useful way of visualis ing the geo logy of the C hatham Isla nds is g ive n in 

Figure 7 fro m w hic h it is clear that the geo logy of the C hatham Islands is subj ect to 

many hiatuses. The st ratigraphic abbreviations used in the text refer to the 

geo logica l map (Campbe ll et al. 1993) of the C hat ha ms a nd its key (F igs. 8 and 9). A 

number of minor stratigraphic units w hich do not occur on e ither Pitt Island o r 

Mangere Is land w ill be only briefl y discussed for co mpleteness. Much of w hat 

fo llows is adapted fro m Campbe ll et al. ( 1993). 
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Figure 7. Space-time diagram showing the genera l relationships of known 

strat igraphic unit s in the Chatham Island s. (From Campbe ll et al. 1993. 

p 12). 

Chatha m Schi st (be). 

During the Permian and Triass ic (perhaps earlier). vo lcanic and 

quartzofe ldspathic sediments were depos ited in a deep marine enviro nment on the 

marg in of the proto-Pac ific plate where buria l transformed them into greywacke and 

arg illite . Dur ing the Mid-Jurass ic (ca. 164 Ma) they were large ly metamorphosed to 

schi st (Adams and Robinso n 1977. p. 296) as a result of a major co lli sion between 

these quartzofe ldspathic To rlesse terra in sediments and the Caples/ Aspiring and 

Murihiku terra ins thus fo rming the future basement of the Chatham Rise and 

Chatham Islands. This basement also underlies Mangere Island as is demonstrated by 

schi st xenoliths in the Rangiauria Brecc ia. 
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Based on an assumption that there is no fault in Pin Strait and with a uniform 

dip of 1° of the schist surface from Chatham Island. Campbe ll el al. (1993, p 128) 
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estimated the schist would be 830-900 m below sea leve l at Mangere Island. 

However, the situation is more complicated at Pitt and Mangere Islands since (a) the 

we ll exposed Tupuangi Format ion on Pitt Island suggests there is a fau lt in Pitt Strait 

and (b) as a result of fau lting and doming in the Pitt/Mangere area, the Tupuangi 

Formation dips genera lly somewhat less than 20° to the southeast on Pitt Island and 

14° to the northwest on Mangere Island. Further, the Tupuangi Formation on 

Mangere Island is fau lted with an unknown downthrow to the so uth where it 

underlies the Mangere Formation. Thus. under the northern part of Mangere Island 

the sc hi st is probably considerably nearer the surface but dipping to the west. and 

under the southern part of the island the sc hi st is an unknown amount deeper. but 

presumably with a similar attitude. 

It is probable that the whole Chatham Ri e ha ahvays been proximal to the 

Pacific Plate boundary (Campbell et al .. 1993. p 29) . There is seismic refl ection 

evidence that the basement of the Hikurangi Plateau may dip beneath the Chatham 

Rise with the possibility that it was once a co nvergent margin (Bradshaw et al. 1981 . 

Campbe ll et ct! .. 1993. p 30). Hov',ever this is not upheld by King (2000) "vho shows 

no convergence a long the northern margin of the Chatham Rise in hi s se ries of 

reconstruct ion of the Nev; Zealand area. The southern margin of the Ri se borders 

the Bounty Trough which was fo rmed by rit1ing in mid-to-late Cretaceous time ( 105 

to 75 Ma). (Wood el al.. 1989. p 281) accompanied by rilting and tens ional crusta l 

thinning. This tension. in turn. resulted in east-west horst and half-grabe n structures 

on the eastern Ri se which are major co nt ro l on the present geo logy of the Chatham 

Islands . The rifting which began in the Lower Cretaceous resulted in the separat ion 

of the New Zea land continental area from Gondwana in the Upper Cretaceo us (85 to 

87 Ma). The Chatham Rise, as part of the Pacific Plate, began its rotation to its 

present position at this time. 

Waihere Bay Group (w). 

While still part of Gondwana the half grabens were mainly filled (87 to 105 

Ma) with horizontal quartzofe ldspathic sed iments ofTupuangi Formation which now 

dip gently south to southeast (F ig. 8). Tupuangi sediments are genera lly grey to dark 

grey and poorly conso lidated with an estimated thickness of at least 700 m 

(Campbell el al ., 1993, p 3 7). 
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They are best exposed as a series of fault blocks in Waihere Bay opposite 

Mangere Island. The sediments include conglomerate with discoid pebbles near the 

base. silty sandstones. sandy siltstones and lignite with some basalt and rhyo lite 

vo lcaniclastics. They are generally rich in pol len, leaves. and wood with rare 

macrofossils at the base. They are tuffaceous near the top and gradually grade into 

the massive Kahuitara Tuff. From palaeocurrent trends (Campbe ll et al. 1993) the 

sediments appear to have been derived mainly from the slO\\·ly pro grading delta of a n 

emergent landmass the north northeast (Fig. I 0). These sed iments appear to have 

come from a Permian- Triassic source. as reworked Permian-Triassic palynomorphs 

are found in both the Tupuangi Formation and the Kahuitara Tuff (M ildenhall and 

Crosbie 198 1 pp.2-23: Mildenhall 1983 p.165). At this time it is thought that much or 

the Rise was emergent (Campbell et al. I 993 pp. 29. 41. 43 ). The Tupuangi 

Formation is nowhere exposed on Chatham Island and its base is not exposed on Pitt 

Island. Offsho re seismic evidence and ve locity data (Austin et al. 1973: Wood and 

Ingham 1981: Campbell er al. 1993 p. 35) suggest that older unexposed sed imentary 

equences or infe rred Cretaceous age underlie the Tupuangi Formation and may be 

the provenance from which the IO\\est unit s of the Tupuangi Formation are part ly 

deri\·ed. These studies also shO\\ that there is an unconformity between these unit s 

and the Chatham Schist. The Tupuangi Formation is sho\,·n in this study to be 

present on Mangere Island. 

N 

I 
0 10 

Figure I 0. Paleogeographic reconstruction of the Chatham Island area during 

Tupuangi time (from Campbell el al. 1993 p. 41 ). This study shows that 

Tupuangi Formation extended at least as far west as Mangere Island. 
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Introduction. 
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The Pitt Island Group immediately. and mainly conformably, followed the 

deposition of the Tupuangi Formation. It represents a prolonged episode of 

vo lcanism which occurred from ca. 87 to 70 Ma in the Upper Cretaceous (Campbell 

et al. 1993. p. 54). It consisted of basaltic flows together with the deposition of 

Kahuitara Tuff and an unnamed Haumurian limestone. These lithologies consist of 

the so uthern portions of Chatham Island and Pitt Island and probably underlie or 

extend out towards Mangere Island . It was at this time that crustal extension finall y 

separated the ew Zea land continental area from Gondwana. Thermal uplift from 

late Cretaceous volcanism resulted in the rai ing and emergence of fa ult blocks. 

Evidence fo r thi s includes the basement horsts which are exposed in Chatham Sc hist. 

northwestern Chatham Island , and graben fill on Pitt I land . Graben filling ceased 

during latest Cretaceo us time with minor fo lding. peneplanation. thermal subsidence 

and eruption of the Southern Volcanics in the for m of severa l large a lkaline 

volcanoes (Ca mpbell et ct!. 1993 p. 29) . Fo llowing thi s there \Vas a period of 

widespread mild tectonism in the Palaeocene/Eocene when Cretaceous normal fa ult s 

were reac ti,·ated. especially to the west. and the e lastic Red Bluff Tuff was 

depos ited. Thro ugh most of the Tertiary. periods of limestone deposition (xeno liths 

from so me of these are common in the Rangiauria Brecc ia on Mangere Island ). 

a lternated with periods of vo lcani sm interspersed with prolonged periods of non

depos ition or erosion between episodes as is shown in Figure 7. Little appears to be 

known of what happened during these non-depos itional periods. 

Kahuitara Tuff (pk). 

There are no known outcrops of Kahuitara Tuff on Chatham I land . The Tuff 

1s brown-grey and massive to well bedded. It consists of vo lcaniclastic sandstone, 

scoriaceous conglomerate, and lapilli tuff of basa ltic composition, with bombs in the 

basa l units. Its thickness is ca. 225 m and it is unconformable with the Tupuangi 

Formation to the northeast but is conformable in northwestern Pitt Island (Campbe ll 

et al. 1993 pp. 50,55). Fissure fill of an unnamed Haumurian limestone contains 

foraminifera of outer shelf depth ( I 00 - 200 m). The Kahuitara Tuff contains 

macrofossils and a sha llow water (5 to 50 m) foraminifera fauna which indicates 
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deepening in Haumurian time (Strong and Edwards 1979 p. 615; Campbell el al. 

1993 p. 50). Faulting in the tuff is probably assoc iated with the late Miocene/early 

Pliocene volcanism that produced Mangere Volcano. and Waihere and Rangiauria 

Heads (Campbell el al. 1993 p. 53). At eastern Pitt Island. deposition of Kahuitara 

Tuff was interrupted at ca. 80 Ma (middle Piripauan; early Campanian) by the 

extrusion of a thick ol ivine basalt (Southern Volcanics). In northwestern Pitt Island 

deposition of Kahuitara Tuff continued contemporaneously with the extrusi\'e 

vo lcanism. both ceasing at about 70 Ma (late Haumurian; early Maastrichtian) 

(Campbell el al. I 993 p. 55). 

Southern Volcanics (ps). 

ExtensiYe areas or Southern Volcanics are fo und in the south of Chatham 

Island where they attain a thickness or 300 m. and also to the south and east or Pitt 

Island ,, here they attain a thickness or at least 150 m. The \'O lcanics cons ist 

essentially or alka line oli vine basalt hawaiites. (Morris. 1985a. p 255) dominated by 

llo,,·s 5-10 111 th ick on Chat ham Island. and 5-20 m th ick on Pit t Island. ,, here tuff 

and scoria deposits alternate with the flows. Columnar jointing. pi llo,,· basalt. 

agglo merate. brcccia. hyaloclastite. trachyte and basalt dikes arc commo n. There is 

no fo ssil content (Campbe ll el al. 1993 p. 57). This unit is of Haumurian age. and is 

subaerial and shallow marine. Volcanism ceased at about 70 Ma (late I laumurian) 

and a period o r non-deposition or erosion that lasted -+ m.y. ensued (Campbell el al. 

1993 p. 57). The source of the Kahuitara Tuff and Southern Volcanics is in southern 

Chatham Island or beneath Pitt Strait. This has been determined from flow sequences 

(I lay el al. 1970; Morris 1985a p. 254) and magnetic sur\'ey data (Austin el al. 1973: 

Yakunin and Schoernharting 1971 (quoted in Campbell el al. 1993): Campbell el al. 

1993 p. 57 Strong and Edwards 1979 p. 6 15). Associated with the tuff are the 

carbonate minerals dolomite. ankerite and siderite. Its age is late Haumurian. 

Tioriori Group (t). 

Introduction. 

This group is not related to Pitt or Mangere Island stratigraphy but is 

mentioned briefl y for co mpleteness. The Tioriori Group is Haumurian to early 

Waipawan in age and includes Takitika Grit. Tutuiri Greensand, and Tumaio 
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Limestone Member. It is restricted to northwestern Chatham Island and rests 

unconformably on Chatham Schist. It consists essentially of a thin sequence of non

tuffaceous. qua11zofelspathic. schist-derived very coarse sandstone. sometimes rich 

in auth igenic minerals. and includes minor bioclastic limestone bodies (Campbell et 

ct!. 1993 p. 60). 

Kekerione Group (k). 

Introduction. 

Kekerione Group (represented on Mangere Island as xenoliths in Rangiauria 

Breccia) is ·· ... a widespread but discontinuous. essential ly ,·olcaniclast ic succession 

or foss iliferous marine palagonitic tuff tuff breccia. minor basalt flows. and 

assoc iated bioc lastic limestone which ranges in age from Paleocene to Oligocene. 

The gro up includes nine unit s: Red Bluff Tuff: TeWhanga Limestone v. ith at least 

two members- Matanginui Limestone and Te One Limestone: orthern volcan ics: 

two restricted limestone li thofacies lenses - l 'ictoriello Li mestone and Taoroa 

Limestone: an unnamed Altonian tuff and an unnamed /\ltonian limestone·· 

(Campbell el al. 1993 p. 73). 

Red Bluff Tuff (kr). 

Red Bluff Tuff is at least I 00 m thick and co,·ers large areas o r Chatham and 

Pitt Islands. It is fossi liferous and largely marine. It was possibly derived fro m 

urtseyian-typc rnlcanism (Campbell el al 1993 p. 88) and this study shows that it 

may have upp lied materia l to the Mangere Formatio n as defined by Campbell el al. 

( 1993). It is essentially a calcareous tuff of basaltic composition containing beds of 

lapillistone and tuff-breccia. It is genera lly a yellow-brown to brick-red colour but 

basal parts are dark green and grey-brown. It is generally we ll bedded with cross 

bedding and graded bedding indicative of water so11ing. Red Bluff Tuff 

unconformably overlies the Southern Volcanics and Kahuitara Tuff and is 

unconformably overla in by all units younger than the Matanginui Member. Fossi l 

evidence shows it to be coeval with Tutiri Greensand. Its age is late Paleocene to 

early Eocene. It has a rich fossil content of spores, pollen. foraminifera. calcareous 

nanofossil s, sponges, corals, bryozoans. brachiopods, bivalves. naut ilo ids, 

echinoderms. teeth. and trace foss il s from many localities, g1vmg an age of late 
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Teurian to late Waipawan. Cross-bedding is common suggest ing shallow marine 

deposition with a northeast-southwest current regime. On the other hand the foss il 

evidence suggests a mid-shelf to bathyl environment (Campbell et al. 1993 pp. 74. 

75. 88). 

Te Whanga Limestone (kw). 

Introduction. 

Te Whanga Limestone includes Matanginui Limestone Member. Te One 

Limestone Member and Und ifferentiated Te Whanga limestones (some outcrops are 

undifferentiated and cannot be assigned to either member). 

Matangi nui Limestone Member (kwm). 

Matanginui Limestone is. .... . a so n. white. poorly bedded bryozoan

echinoid-formaminiferal-bi, al\'e packstone·· (Campbell el al. 1993 p. 89). It is at 

least 35 m thick and is the lower member or Te \\'hanga Limestone. It is 

conformable. or intertingers ,, ith Red Bluff Tuff and is disconformable ,,ith 

O\'erlying un its. It ,,·as deposited in the Waipa,,·an-Bortonian in moderately deep 

oceanic ,,ater. although the pre ence o r . .Jsterocyc/ina. a \\arm relati, ·ely shallo,, 

water species in some beds may ind icate changes in water depth (Campbell el al. 

1993 p. 95). On Mangere Island it appears as large xenoliths in the Rangiauria 

Breccia. 

Te One Limestone Member (kwo). 

Te One Limestone Member is a pale. so ft. massive. porous bryozoan 

grainstone. It is pale ye llow to medium orange-grey and is found only on Chatham 

Island. It was deposited in the Kaiatan to early Whaingaroan and is greater than 25 m 

thick. It disconfo rmably overlies the Red Bluff Tuff and the Matanginui Limestone. 

It is also disconformably overlain by Motorata Limestone and the Karewa Group. 

The foss il assemblage is mid-to-outer shelf and includes vertebrate bones and teeth, 

bryozoans, brachiopods. bivalves. barnacles. and echinoderms (Campbell el al. 1993 

pp. 88. 89, 95, 98. I 02). 
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Northern Volcanics (kn). 

This group is not directly re lated to Pitt or Mangere Island but 1s briefly 

mentioned for completeness. 

orthern volcan ics are made up of cones up to 140 m high standing directly 

on the Chatham Schist. and are overlain by Karewa Group sediments. The cones are 

made up or massive. ext rusive. limburgitic basa lt. plus extrusive agg lomerit ic and 

scoriaceous deposits. The mass ive flows are pale grey to black when unweathered 

but are usually weathered to brown. Accompanying volcaniclastic deposits are strong 

reds and brov,ns. The deposits are unfossili fe rous but rad iometric dating shows them 

to be o r Eocene- Oligocene age. The vo lcan ic products suggest Strombo lian type 

episodic flow and diatreme ,·o lcanism (Morris 1985b: Campbel l el al. 1993 p. I 07). 

Mairangi Group (m). 

Introduction. 

Mairangi Group is largely rnlcanic limburgitic basalt,, ith richly fossil ife rous 

,·o laniclastics and tufts as \veil as so me bioclastic limestone. The group includes 

Rangitahi Vo lcanics. Momoe-a-toa Tuff Rangiaur ia Breccia. Mangere Formation. 

Whenuataru Tuff Onoua Limestone. Motorata Limestone. Pyramid Phono litc. an 

unnamed Waipipian limestone and unnamed Pliocene ,·o lcanics. 

Rangiti hi Volcanics (mr). 

The limbugitic. basalt ic. Rangitihi Volcanics are composed o r mass l\'e 

extrusive and intrusive rocks with associated agglomerate. scoriacious and tuffaceous 

deposits. They are at least 100 111 thick and were init ially submarine. with later 

pyroc lastic deposit above sea level. The un it is unfossiliferous. Rad io metric ages 

range from 4_54± 0.3 Ma to 5.3±. 0.4 Ma (Campbel l e l al. 1993 p.117) and average 5 

Ma. Thus the unit is Late Miocene to Early Pliocene in age. 

Momoe-a-toa Tuff (mm). 

Momoe-a-toa Tuff is made up of dark grey, medium ye llow-brown and 

medium red-brown hornblende-rich, fine to coarse vo lcaniclastic sandstone and 
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limburgitic basa lt tuff. It appears to be greater than 120 m in thickness. is marine and 

richly fossi liferous. It rests unconformably on the Rangitihi Volcanics and is 

disconformably overlain by Rangitihi Vo lcanics and/or Kawera Group sediments. 

The macro-and micropaleontological evidence suggests a mid-to-inner she If 

environment of deposition (Campbell et al. 1993). 

Rangiauria Breccia (mb ). 

Rangiauria Breccia is found at Rangiauria and Waihere Heads. and at the 

south end of Pebbly Beach on Pitt Island and on Mangere Island. The Breccia is Late 

Miocene and comprises hard. dark grey-brown massive to crudely bedded. poorly 

so11ed. coarse. pyroclastic breccia of limburg itic basalt composition. It conta ins very 

large crystals of hornblende and has an abundant xenolith component of igneous. 

metamorphic and sedimentary lithologies deri\'ed mainl) from the Waihere Bay. Pitt 

Island. Kekerione. and Mairangi Groups. On Mangere Island it is the source of much 

of the material making up the Mangere Formation. Grain size is from large boulders 

to fine sand with high I) , esieular smaller basalt clasts. Thickness is greater than 300 

m. It is unconformable with all older units and is di sconformably o,·erlain b) 

Whenuataru Tuff and units ol"the Quaternary Karewa Group. Often the clasts arc set 

in a matrix of finely comminuted debris but elsewhere the clasts are surrounded by 

limburgite. It contains some ,,ood foss ils and fossil iferous limestone xenol iths 

Campbell et al. ( 1993 ). 

Motarata Limestone (ml). 

Motarata Limestone is early Pliocene in age and is pale yellow-brown. 

massive. soft. we ll so rted. sandy tine foram iniferal gra instone with a basal layer of 

phosphorite pebbles. It is more than 5 m thick and rests disconformably on Red Bluff 

Tuff. Fossil evidence shows it was deposited on the mid-to-outer shelf Campbell et 

al. ( 1993). 

Onoua Limestone (mo). 

Onoua Limestone, early (?) to late Pliocene. is a white to pale yellow, 

massive, soft, porous, well sorted, glauconitic tine bryozoan grainstone, composed of 
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bryozoans, foraminifera, brachiopods, bivalves and echinoderm fragments. It is at 

least 26 m thick and is unconformable with the Red Bluff Tuff and Matanginui 

Limestone, but is conformably and gradationally overlain by Whenuataru Tuff and in 

places interfingers with it. It was deposited on the outer part of an oceanic platform 

at depths of mid-to-outer she If (Campbell et al. 1993 ). 

Whenuataru Tuff (mw). 

Whenuataru Tuff is Early to Late Pliocene in age, brown-grey to red-brown, 

mass ive to well bedded, vo lcaniclastic sand. silt and palagonite tuff of limburgitic 

basa lt composition with large hornblende crystals. It is marine, foss iliferous and 

so me beds contain blocks and bombs. It is up to 50 m thick and overlies either Onoua 

Limestone co nfo rmably or Red Bluff Tuff unconformably. Whenuataru Tuff is ve ry 

foss iliferous with abundant macro-and micro foss il s and was deposited between the 

outer and inner shelf On Mangere Island the Tuff is thought to form part of the low

lying. northeastern coastal strip where it conformably overlies Rangiauria Brecc ia 

and is conformably ove rl ai n by Mangere Fo rmation (Campbell et al . 1993 p. 136) . 

On the northwestern shore of Mangere Island. in the vicinity of the Not1 h Landing. 

the ·· . . . Rangiauria Brecc ia is ove rl ain. appare ntly conformably. by about 7.5 111 of 

coarse tuffaceous sandstone with thin lensing beds of we ll stratified Whenuataru Tuff 

which in turn is overl ain by the Mangere Formation ... On the ev idence ava ilable the 

tuff was laid down immediately after the fo rmat ion of the Rangiauria Brecc ia on 

Mangere Island fo llowing collapse of the central part of the volcano and incursion of 

the sea'" (Campbell et al. 1993 p. 148). (In this study the unit underl ying the Mangere 

Formation is not considered to be Whenuataru Tuff and has been renamed ··Bag End 

Breccia' ' from the name of an informal site in Black Robin Bush). 

Mangere Formation mg. (as defined by Campbell et al. 1993). 

Mangere Formation is of Late Pliocene age and is made up of fl at-lying, well 

bedded, well sot1ed, generally fine-grained sediments of partly vo lcaniclastic and 

tuffaceous limburgitic basa lt, and partly terrigenous quartzofeldspathic composition. 

The Formation is fossiliferous, non-marine and thought to occur only on Mangere 

Island although, according to Campbell et al. , (1993 , p 149), a thin poorly exposed 

tuffaceous sandstone on the summit of Kaingaroa Hill, Pitt Island, may belong to the 
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Formation. It conformably overlies Bag End breccia (Campbell et al's . 1993 

Whenuataru Tuff) and is approximately 60 m thick. The Formation contains fossil 

wood frag me nts, spo res, pollen, dinoflagellates and acritarchs especially in the lower 

part, w hich is al so concretionary. To date no foraminifera . calcareous nano fo ss il s, 

diatoms or sponge spicules have been found (Campbe ll et al. 1993 p. 149). Most of 

the pollen and dino fl age ll ates are rewo rked and deri ved fro m the Tupuang i 

Fo rmatio n. The extinct Ma ngapanian po ll en. Rhoipites alveolat11s. puts an uppe r 

limit on the age of the Fo rmation (Mildenha ll in Campbell et al. 1993 p. 150) thoug h 

it is no t clear exactly w here in the Formation R. alveolatus was fo und. A lso the 

poss ible occurrence of Epilobium (again, it is not clear exactly where in the 

Formatio n thi s was fo und ) puts a lower limit on the Fo rmatio n of Opo itian age 

(Ca mpbe ll. et al. 1993 p.150). Only rewo rked marine foss il s have been fo und in thi s 

Fo rmation suggesting that most of the Fo rmation was depos ited under terrestria l 

conditio ns in the co llapsed crater of the Mange re Vo lca no with periods of lac ustrine 

depos ition. It is thought that the fo rmatio n is a remna nt that was once spread over 

part of the area west of Pitt Island (Campbe ll et al. 1993 p. 150). 

Pyramid Pho no I ite (mp). 

Pyra mid Phono lite is a hard dark gree n-grey fi ne gra ined a lka line roc k. It 

fo rms a sing le plug 9 km so uth of Pitt Is land rising to 174 m above sea leve l a nd 

radio metrica lly da ted at 3.9 Ma Campbe ll et al. ( 1993). 

Unnamed Pliocene volcanics (mv). 

T hese occur on So uth East and Round Is land s as a result of submarine 

eruptio ns. They are bedded. dark pyroc lastic rock of basa ltic co mpos ition a nd 

dominated by lapilli tu ff breccia w ith xeno liths of Southern Vo lcanics and Te 

Wha nga Limestone. The ir thickness is mo re than 150 m Campbe ll et al. ( 1993). 

Karewa Group (a). 

These are a ll Late Pliocene to Rece nt depos its and cons ist of sand s, peat, she ll 

beds and tephra. They occur a lmost entire ly on Chatha m Island a ltho ugh sma ll areas 

are fo und in the vicinity of Ka ingaroa and Moffett trig o n Pitt Island . 
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1.3.0. Previous work on Mangere Island. 

Prior to this study very little geological work had been done on Mangere 

Island and even less on the Mangere Formation. The geo logy was first described in 

Hay el al. ( 1957) who made ·· ... two visits of a week each to Pitt Isla nd , and a brief 

landing on Mangere ... ,. (p 7). They recognised two formations on Mangere Island : 

the Rang ia uria Agglomerate, (named after the prec ipito us ··hard, dark massive 

agglomerate·· at Rangiauria and Waihere Head s on Pitt Island as well as at the 

southern end of Pebbly Beach and the Mangere Agglomerate (on Mangere Is land 

only) which made up. ·· ... the low ly ing so uth-west part of Mangere Is la nd : · (F ig. 11 ). 

Hay el al. ( 1970 p. 42) described the Whenuataru Tuff from Pitt Island as 

beds consisting of ·· ... brown calcareous pa lagoni te tuff w ith occas io na l pillow lava 

near the base. The tuff is richly fossiliferous, displays prominent current bedding and 

contains abundant ho rnblende crystals:· No mention is made of Whenuataru Tuff on 

Mangere Is la nd . Campbell el al. ( 1993 p. 136) describes it as. ·· ... brown-grey to red

brown. mass ive to we ll bedded vo lcaniclast ic sand. si lt and palagonite tuff (c rysta l. 

lithic ) of limburgitic basalt composition. Some beds are calcareous. Some are loca ll y 

coarse. containing blocks and bombs. It is richly fossiliferous. marine. and restricted 

to Pitt Island and its adjace nt isle ts: · 

Watters (i n Campbell el al. 1993 p. 148) repo11s. ··Whenuataru Tuff is 

believed to fo rm part of the low- lying coastal st rip in the no rtheastern part of 

Mangere Is land . .. (and) ... A lo ng the northwestern sho re of the narrow part of 

Mangere Island . the Rangiauria Breccia is overlain. appare ntly conformably. by 

about 7.5 m of coarse tuffaceo us sandstone with thin ( <20 cm) le ns ing beds of we ll 

stratified tuff. ·· This in turn is overlain by the Mangere Formation. Watters (in Hay el 

al. 1970 p. 71) interpreted the vo lcanism as explosive and short li ved, noting that 

there were no lava flows . He gave a detailed account of the petrography of these 

formations (Hay et al. 1970 pp. 69- 71) and the relationship between the two 

agglomerates was interpreted as " ... the low lying Mangere Agglomerate·· being ·'the 

collapsed central portion of a wide volcanic vent, the outer part of which is 

represented by the two high remnants of Rangiauria Agglomerate forming Little 

Mangere ls land and the high north-east part of Mangere." (Fig. 12). It is noteworthy 

that Hay et al. ( 1970 p. 69) did not 
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recognise the Mangere Formation (Campbell el al. 1993) in the lowest part of 

Mangere Island as be ing d istinct fro m the Mangere Agg lo merate. 

Pitt Island 

l\1angere Island 

c::-i p "''""' ""'" 
N 

pw 1/\henu•t•n.i Turr 

ff Flo ,.~ ro« Umnlon. 

South East Island 

South.rn Volcanics 

Snair ; I :50000 

Figure . 11 . Map of Pitt and Mangere Is lands redrawn from Hay et al. 1970. T he 

Head land Cong lo merate, and the T upuangi and Rauceby Sandsto nes are 

now ass imilated in the T upuangi Fo rmation and the Mangere 

Agg lo merate is ass imilated in the Rangiauri a Format ion (Campbe ll et al. 

1988) . 



24 

Figure 12. Diagra m of Hay et al 's. 1970 mode l " ... showing the re lationship 

betwee n Ra ng iauria and Mangere Agg lomerates at the suggested sing le 

vo lcanic ve nt at Mangere and Littl e Mangere Is lands."' (Drawn fro m Hay 

et al. 1 970 p. 69). 

The Ma ngere Agg lo merate of Hay et al. ( 1970) was renamed as Mangere 

Beds by Watters ( 1978). M ildenha ll a nd Wil son ( 1978) a ltered Mangere 

Agg lo merate to Mange re Fo rmatio n w itho ut change of definition. Camp be ll et al. 

( 1988. 1993. p. 149) redefi ned Mange re Fo rmation as consisting of. -- fl at ly ing. we ll 

bedded. we ll so rted ge nera ll y fi ne gra ined sed ime nts of partly vo lcanic lastic a nd 

tu ffaceous limburgitic basa lt co mpos it ion and partly terrig ino us quartzofe ldspathi c 

compos itio n. Some s iltsto ne and c laysto ne is conc ret ionary. T he for mat ion is 

foss ili fero us. no n-mari ne. and thought to be restr ic ted to southwestern Ma nge re 

Island (fro m w hic h it is named). a lthough thin, poo rly exposed tuffaceo us sand sto ne 

on the summit of Ka ingaroa Hill. southwest of Flowerpot Harbo ur. Pitt Isla nd may 

be lo ng to the Mange re Formation or may be a co rre lat ive of it: · T hi s is the first 

detai led defin it io n of the fo rmatio n. 

The type section of the Ma ngere Format ion 1s give n as C H/655 l 94-

C H/659 198, Sheet 2, 198 1. (A ll further grid refe rences in thi s stud y refer to Land 

Info rmation New Zea la nd To pograph ic Map 260, Edition l Sheet 2, 1998). 

In ovember 1957, Watters co llected fo ur samples fro m the Ma ngere 

Agg lomerate (Geo log ical Survey Foss il seria l numbers f 247 to 25 0). T he actua l 

location of these was in the above described sedime ntary sequence, i.e. the Mangere 

Formation (tho ugh the precise localities co uld not be ascertained fro m the re po1is). In 

March 1977 Fleming a nd Billing co llected ten samples fro m the same localit y 

(N umbers f 445 to 553). A ll of the above samples were processed fo r po llen and 

dinofl age llates by Mildenha ll and Wil so n ( 1976b, 1977, 1978, 1981 , 1994). T hey 
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found abundant we ll preserved Cretaceous pollen and rare poorly preserved Pliocene 

pollen. Dinoflagellate cysts and acritarchs are.·· ... moderately abundant and diverse·· 

( 1978. p 66 1 ). Both Cretaceous taxa indicate a mid-to late Cretaceous age ( 1978). 

The Pliocene pollen gave an age of Opoitian to Mangapanian. The presence of the 

abundant Cretaceous palynomorphs showed ··Clearly the source rocks for these 

fossi ls are the Waihere Bay group sediments of Pitt Island .. _-· (Mildenhall and 

Wilson 1978 p. 66 1 ). 

Several of Hay et al ·s. ( 1970) group and fo rmation names were subject to 

revision by Austin et al. ( 1973): Mildenhall and Wilson ( 1978): Grindley et al. 

( 1977). and finally by Campbell et al. ( 1988 and I 993) when revisions relevant to 

Mangere Island were made: i.e. Rangiauria Agg lomerate and Mangere Agglomerate 

were subsumed under Rangiauria Formation. and Tupuangi Sandstone. Rauceb) 

Sandstone and Headland Conglomerate became Tupuang i Format ion. 

This is summed up by ( Fig. 13) sho,,·ing the development of the stratigraphy 

or Mangere Island. (The changes in nomenclat ure sho,,·n in the right hand column 

ha\'e been adopted througho ut the rest of this study. The) are explained in Chapter 

4). 
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Figure 13. Comparison of stratigraphic columns for Mangere Island. 1970 to the 

present. (Not to scale). 

In January/February 2005 G. Davies. Y.E. ea ll and R.C. Wallace vis ited 

Mangere Island to complete mapping for this project. Neall spent considerable time 
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investigating the vo lcaniclastics under the Mangere Formation and, from the 

dispos ition of the bedding and types of deposits, was able to show that, rather than 

one ve nt on Mangere Island, there were at least eight vents (V.E.Neall , pers.com.) . 

The genera l situation is illu strated in Fig 14. Further, Dr Nea ll named Robin Bush 

Siltstone and Landing Point Sandstone and recognised them as separate members 

within the Rangiauria Breccia (Nea ll. 2005). 

* Volcanic cones/w nts 
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Figure 14. Sketch map showing infe rred locations of a num ber of volcanic vents on 

Mangere Island (V. E. Nea ll , pers. com. 2005). 
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Chapter 2. 

Methods. 

2.0.0 Fieldwork. 

Mangerc Island is isolated in two respects: it is two hours by fi shing boat 

from Chatham Island and it is a DOC reserve that requires special permission and 

quarantine pro\'isions to enter. It can be entered only if there is a DOC employee in 

residence. There is one hut on the island with a capaci ty for eight persons. Landing is 

by rubber dingy ( aiad) directly onto the shore platform and several trips from 

fishing boat to shore are necessary to transport everything ashore. All food and 

equipment must be taken to the island and pro\'ision must be made for enforced stays 

resulting from storms and/or high seas. All non-organic rubbish is rcmo\'ed when one 

leaves. Organic rubbish is dumped in the sea. 

To some extent the isolation puts constra ints on field\\·ork (especially on my 

first trip when I was \\Orking alone) because methods and re ources that might be 

accessible in e\\ Zealand (such as a ladder to make access to , ·cry steep faces 

easier) arc not a\'ailable. 

Field,\ork on Mangere Island \\'as carried out bct\\ een I 0-3-0-t to 15-3-0-t 

and 28-2-05 to 6-2-05. It consisted initially or measuring tratal thicknesses. 

describing. photographing. and taking samples or the different li thologies ,Yithin the 

Mangen~ Formation for laboratory analysis or grain size. diagenesis and fossil 

studies. Samples \\·ere described in situ tor contacts. colour. induration. sedimentary 

structures. sorting. grain size and ccmentation. A careful search for e\'idence or 

unconformities "vas also made. In the process possible scenarios to explain the origin 

of the fo rmation were considered. This was combined with a careful study of 

published maps (topographic. geologic and bathymetric) of the Pitt-Mangere Island 

area. 

A number of stratigraphic names have been altered or introduced 111 this 

study. They wi 11 be explained as they occur in the text. 

The areal extent of the Mangere Formation (as defined by Campbell et al., 

1993) was determined by walking its boundary with the Rangiauria Breccia and 

Whenuataru Tuff (in this study renamed Bag End Breccia). However, this was 

hampered especia lly at the no11hwestern end of the Mangere Formation by 
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continuous grass and herb cover and at the southeastern end by tall. thick Hebe. This 

not only made finding the exact boundary difficult but also made it impossible in 

these places to determine the exact nature of the contact with Rangiauria Breccia (ie. 

whether the Mangere Formation strata lapped directly on to the Rangiauria Breccia 

or onto steeply dipping strata as is common on lake edges or onto a faulted contact. 

The area of the lower southeastern peninsula (Fig. 3. E) was walked over to 

determine whether any remnants of the fo rmation existed. Again a dense cover o f' 

flax over much o f the area made this difli cult. but no evidence was fo und or such 

remnants. 

Access to the upper \Vestern face or the fo rmation was not possible because of 

its steepness. As a result the stratigraphic column had to be compiled from se\'cral 

sites as explained in chapter 3. Because of the difficulty or gain ing access to the 

upper parts or the fo rmation and the need to gather as much information as possible. 

I resorted to studying blocks from the upper two members that had fallen onto the 

teeply sloping Basal member and beach. Where data are deri\'ed from this source I 

ackno\, ledge it in the tex t. 

The stratigraphic column " ·as drawn and labelled in the fi eld on card with a 

pre-printed grid at a scale of I 00mm equalling I (2mm) di\' ision. 

Samples were placed in labelled sclr-scaling plastic bags and then double 

bagged to obviate the danger or the labe l rubbing o ff in transit in the pack or carton. 

The inner bag v,as labelled \\ith prefixes B. Bm. C. Cm and Sk fo r Bag End Brecc ia. 

BasaL Cycl ic. Carbonaceous. and Skua Members respecti vely. and numbered serial! ) 

together with the date o f collec tion. Details of the sample and co llection site were 

recorded in a fi eld notebook and its position marked on the stratigraphic column. A 

grid re ference fo r each group of fossils collected was also recorded. 

2.0. l Height and thicknesses of the formation. 

The he ight of the Mangere and Parakeet Formations from sea level 

(including Rangiauria Breccia and Whenuataru Tuff (Bag End breccia)) is 72 m as 

determined from the contour map of RNZAF (sortie 197). Aerial Plan l 074, 1974. 

I : 12000, Photogrammetric Branch, Department of Lands and Survey. To determine 

the thickness of each major unit a photograph (Fig. 17) taken face on to the 
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Formation from about 700 m out to sea was used. This involved measuring on the 

photograph the height of the Formation and each unit thickness in millimetres and 

then applying these ratios to the known height to give the true unit thicknesses. Two 

checks were used on this: ( I) a pocket altimeter measurement of the height to the 

j unction of the Basal and Cycl ic Members. Mangere Formation. v\·as averaged from 

three measurements taken by cl imbing the Basal member three times in a stable 

atmosphere and returning immediately to sea level and. (2) using DOC laser range 

finding binoculars (with a geological compass clinometer taped on para llel to the 

optical ax is) from the edge or the extensive \\'ave cut platform to get the distance and 

angle to each major unit and calculating each height/thickness from that. The 

thickness ol'the individua l strata or the Cyclic Member and some Parakeet Formation 

units was determined by tape and this also confirmed the Cyclic member unit 

thickness. 

2.0.2 Note. 

The bathymetry map in Kno:-; ( 1957) has omitted Mangcre Island. As this 

map " ·ill become important in chapter -L the Land Information 260. 1998 map or the 

Chatham Islands \\as scanned and Pitt Mangerc Island reduced to the exact scale of 

the Knox map. The shape and e:-;ac t position or Mangen~ Island \\·as then traced 

through onto Knox· s map. The relc\·ant portion or Knox· s map appears in chapter -1-

(Sce Fig. 62). 

2.0.3 Fossils. 

A search of all units produced sparse fragmental macrofossil s in Bag End 

breccia (Campbell et a l" s. 1993. Whenuataru Tuff) and very small fragments. mainly 

bryozoa. together wi th some ostracods and the odd small bivalve shell. in a number 

of the units of the Cyclic member. 

All units were also checked for microfossils. Collection sites fo r calcareous 

microfossils were taken from mudstone units determined by testing the site with 

hydrochlori c ac id. These sites also produced samples for possible siliceous 

microfossils. In each case before taking the sample. the weathered surface was 

cleaned above and below the site to expose unweathered rock and to avo id 
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contamination from surrounding material. Once taken, the sample was cleaned with a 

knife in the case of soft sediments or chipped from the centre of indurated rocks. 

2.1.0 Laboratory Work. 

2.1.1 Preparation of microfossils. 

The methods used v,cre mainly those of Brasier ( 1980).The samples were 

completely disaggregated by scrubbing with a firm bristle brush. soaking. boiling. or 

by gentle crushing of soft samples. Hard samples were crushed to disaggregate 

indi\' idual grains where applicable. or disaggregated acoustically. or by boiling with 

,,·ashing soda. Specimens that pro\'ed too hard to di saggregate were examined in thin 

section ,,·ith a petrological microscope. Following di saggregation the samples ,,·ere 

sie\'ed to sizes appropriate to each microfossil size and then treated as follo\\ S 

according to whether they were calcareous or siliceous fossils: 

(a) Siliceous fossils. diatoms and radiolaria: 

T,,·o grams of sample were taken and placed in a I 00 ml test tube to 

,d1ich 20 ml or 27% hydrogen peroxide ,,as added. The samples ,,ere 

then placed in a \\ater bath al 80°C \\'ilh regular stirring until a ll 

reaction had ceased. At thi s stage 32% hydrochloric acid \\as added to 

remo\·e all carbonate. The samples were then centrifuged at 3000 rpm 

for three minutes and the supernatant liquid decanted oil. Distilled 

,,·atcr was added lo each sample and the samples were ccnlri f ugcd to 

\\"ash out the added chemicals. This was repeated three more limes. The 

samples were then \'igorously shaken for 15 seconds and then left to 

stand fo r 45 seconds when the supernatant liquid was decanted into 

clean test lubes. the residue being discarded. This eliminates any sand. 

Any remaining clay was then removed by stirring the mixture 

vigorously and centrifuging it at 1800 rpm for three minutes and then 

gently pouring off the cloudy supernatant liquid. This step was repeated 

until the liquid became clear. The liquid was then concentrated to 

approximately 5 ml by evaporation. At this stage temporary mounts in 

water on microscope slides were made by placing a drop of the liquid 

on a microscope slide coverslip and inverting it onto a glass slide. Six 
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slides for each sample we re examined . As the slides did not conta in 

siliceous microfossil s, permanent slides were not made. 

(b) Calcareous foss il s: 

The di saggregated (as above) samples were sieved to <32µm . (for 

coccoliths), 63- l 25~tm and I 25-250~tm (fo r fora mini fera) and 125-250 

and 250-500µ111 (for ostracoda) . Temporary mounts in water (as above) 

were made of the <32 ~tm coccolith frac ti o n, but a search of six slides 

fo r each spec ime n with a petrologica l mi croscope under hi gh power 

with highl y condensed (conoscopic) li ght fo und none. The samples 

above l 25 ~tm were then scanned unde r a binocular microscope and the 

foss il s picked out and transferred to a Franke s li de. Ostracods. bryozoa. 

a fragment of echinoderm spine and ra re sma ll bivalves. but no 

fo raminifera. were fo und . 

(c) Po ll en. (Thi s w ill be dea lt with in secti on 2 .3). 

2. 1.2 Parti cle size analys is. 

Sand. si lt and clay fract ions were determined for the Tupuangi Format ion and 

Basal member of the Mange re Format ion. Full partic le si ze ana lyses vvere obtained 

fo r units of the Sk ua and Cycl ic members. These were d ry sieved thro ugh 500. 250. 

125. 63 and 32 ~un sieves to obtain percentages of sand. silt and c lay. The 63- 32µm 

and <32µm frac ti ons were obtai ned by wet sieving . Siev ing was carried out at the 

base. top. and along the le ngth of units 26 and 28c of the Cyc li c member, to 

determine whether there is a gra in size gradi ent in these un its w hi ch wo uld g ive an 

indicati on of direction of their ori g in . Siev ing was inappropriate fo r some of the 

sandstone units of the Cyclic member as they a re too indu rated to break down 

complete ly. M icroscopic estimation of gra in fractio n sizes based on thin secti ons was 

therefore used here. The grain sizes of the mud units of the Cyclic, and the whole of 

the Basal me mber, are a ll less than 63 µm and very large ly less than 32µm . 

Separati on of heavy and light minera ls and vo lcanic g lass was carri ed out at the same 

time using sodium metatungstate. Graphica l stati sti ca l ca lculations fo r graphic mean, 

inclusive graphic standard deviation, and inclusive graphic skewness (Fo lk and 

Ward, 1975) were computed . Kurtosis was not included as there is no good evide nce 

fo r this parameter hav ing any geologica l significance. 
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2.1.3 Microprobing of hornblendes and tephra. 

Although altered volcanic glass is ubiquitous in thi s Formation there is only 

one primary tephra . It occurs at the top of the Skua member. This was microprobed 

in order to identify its chemical composition. Hornblendes are also ubiquitous 

throughout the Formation. Eight samples of these. ex tracted by heavy liquid 

se para tion were extracted and microprobed to ascerta in whether there was more than 

one population. i.e . an expected population derived from the Rangiauria Breccia a nd 

its numerous xenoliths with poss ibly another population deri ved from the Red Bluff 

Tuff of Pitt Island . 

In preparati on for mi cropro bing. epoxy cylinders of 3 cm di ameter and I cm 

thick we re drill ed w ith one cent ra l and seven radial 5 mm holes . These holes were 

then numbered and a small amount of each sample was placed in eac h hole taking 

care not to contaminate adjacent ho les. A record wa kept of which sample was in 

which hole. The ho les were then fill ed with e poxy and st irred with a long pin to 

ensure tha t the hornbl ende was wet and properl y spread. When the e poxy had dri ed 

the cy linder face was grou nd successive ly w ith 400. 600 and 1000 grit to prepare the 

hornbl ende crys ta ls for a final poli shing to optical flatne ss (so tha t surface roughness 

wo uld not affect the microprobe results). using a Streurs Planopol- 3 polisher. The 

sample was then g iven a coating of carbon to a llow a path to earth for the impinging 

e lectron beam. 

The instrument used fo r thi study is an ene rgy di spersive e lec tron 

microprobe (J EOL JXA-840 A) fully computerized system at the Uni versi ty of 

A uckland . The analyses were collected us ing a Princeton Gammatech Pri sm 2000 

Si(Li) EDS x-ray detector, a 2 ~Lm focussed beam. an acce lerating vo ltage of 15 kV, a 

current of 600 pA and I 00 second counting time. 

2.2.0 Optical Microscopy. 

This study uses both low power reflected light ste reomicroscopy as an aid to 

finding microfossils and for studying the coarser textural features of samples, and 

high power polari z ing microscopy in which individual particles coarser than about 20 

µm may be identified optically using a polarizing microscope. Petrological 

examination enabled mineral s to be identified and textural relationships to be studied 
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as well as providing a check on XRD results. The instruments used were a Leica 

Wild M28 binocular microscope and a Nikon Model Eclipse E400 POL petrological 

microscope. 

2.2.1 Temporary and permanent microscope mounts. 

For temporary mounts, grains were sprinkled on a microscope slide and 

covered with a coverglass. The grains were then immersed in clove oil (with a 

refractive index of 1.53-1.54) which is injected under the coverglass. (Quartz and 

most of the plagioclase feldspars have refractive indexes higher than clove oil while 

the potash feldspars have lower). Permanent whole grain mounts were made as above 

but using epoxy res in instead of clove oil. Permanent thin grain mounts first require 

the setting of the grains in epoxy res in (EPO-TEK. 301. R.I. = 1.539) in small (1cm 

diam.) lids. The resulting disk was then released from the lid and the surface 

containing the grains was gro und flat with 400 and 600 grade carborundum powder. 

The disk was then attached with epoxy to a standard petrological slide. grain side 

down. When set, the disk was cut through leaving a thin slice on the slide. This v.as 

then ground down to 30µm for microscopic examination. Permanent whole rock 

slides were made si mil ar ly but vvith an oblong slice of the samp le cut to fit the 

microscope slide. 

2.2.2 Counting of mineral grains. 

Counting of minera l grains was done as an aid to correlation and provenance 

of relevant units. Three hundred mineral grains were counted a long the cross-hairs of 

the eyepiece with successive moves on the relevant slides. Samples that could not be 

disaggregated , were also estimated by counting and assigning grains to between 63, 

125, 250 and 500µm fractions. An estimate of the <63~tm fraction (the matrix) was 

then made using Andrews ( 1982, Figure 18 , p.52) 

2.3.0 Palynology. 

2.3. l Sampling Proceedure. 

Sampling for pollen and dinoflagellates was done in the hope of obtaining 

some time constraints on the time of deposition of the Mangere and Parakeet 
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Formations and al so to gam potential information on the palaeoclimate, 

palaeogeography and conditions of sedimentation . 

Spot samples were taken from every fine-grained unit in the Mangere and 

Parakeet Formations. The sample site was cleared to a depth of about 15 cm (as 

erosion here generally exceeds weathering it was considered that 15 cm was ampl e 

depth). The sample was then dug out with a clean spatula and bagged as described 

be low. In the case where a se ri es of sampl es was taken fo r 1 .6 m above and below 

the contact between the Basa l and Cyclic members at grid ref.6571 94, sampling 

began by using a spade to cut a clean strip 40 cm wide fro m the top of the secti on 

down to its base and , at the same time, cutting back about 15 cm. A tape measure 

was then hung down the cut and securely anchored at the top. Sampling began at the 

base of the section at 1.6 m below the contact. A spatula with a 6 cm wide blade was 

fo rced hori zonta ll y fo r ca. 40 mm into the mudstone at the base of the secti on and 

then another one inse rted 1 cm above thi s. The sampl e was then withdrawn between 

the spatulas and placed di rec tly into a se lf sealing pl asti c bag labell ed with the 

loca li ty identifi cati on and sample depth . All samples vvere later do uble bagged to 

prevent the labe ls ru bbing off. The spatul as were then washed in a bucket of water 

and cleaned and dr ied with a fresh paper towel ready for the nex t sample. The 

pos ition of the next sample was measured 200 mm up the tape fro m the base of the 

prev ious sample. Thi s procedure was repeated every 200 mm until the top of the 

sequence was reached at 3.2 m. No sample was taken at the ac tual contact. 

2 .3 .2 Sample preparation. 

The method used was that of Faegri and I vensen ( 1964) but using Erdtman' s 

acetolys is. Detail s are as fo llows: 

• 1 cm3 of materi al from each sample was taken by filling a standard 

1 cm3 cylinder with the sample material and then transferring it to a 

plastic test tube which was then fill ed with water and left fo r a week fo r 

the contents to soften. 

• The samples were then treated with HCI to eliminate all carbonate. 

• The samples were centrifuged and washed twice. 
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• The samples were treated for 2 min . w ith equal parts of KOH and 0.1 

Mo!. Na-iP20 7 in a hot block set at 95°C to deflocculate clays and 

remove humic acids. 

• Following thi s the samples were wet s ieved with di still ed water though 

180µm mesh te ry lene cloth to e liminate any larger detritus. The detritus 

was kept fo r macrofoss il examinati on. 

• The samples we re centrifuged and decanted several times until a ll 

humic acids had been removed. 

• To remove water the samples were washed w ith HCI. 

• The samples were treated in the fum e cupboard with 40% HF in a hot 

block fo r 3 m inutes to e liminate sili cates. Fo ll owing th is an equal 

vo lume of I 0% HC I was added to re move any fluo ride accre ti ons that 

mi ght have fo rmed. T he sample was then lidded, centrifuged and 

decanted. and washed three times w ith di still ed water. 

• To remove any rema in ing clay the samples vve re treated w ith sodium 

pyrophosphate in a hot bloc k fo r 4 min . The samples we re then 

centrifuged and the water decanted . 

• Erdtman · s aceto lys is was then used 111 the fum e cupboa rd to remove 

ce llulose fro m the samples. Fi rst the samples were dehydrated using 

g lac ia l ace tic acid and then treated w ith 9 parts of aceti c anhydri de to 2 

parts concentra ted H2S0-1. 

• The slides we re then checked under the microsco pe. A few still 

contained too much detritus. These samples were ox idi zed to remove 

the rema ining lignin by treatment w ith glacial ace ti c ac id to which 5 

drops of sodium chlo ride so lution and I ml of cone. HC I were added. 

Thi s produced a vio lent reacti on which was stopped afte r seve ral 

seconds by pouring the contents of the sample tube into a beaker of 

di stilled water. The beaker contents were then progress ive ly centrifuged 

and decanted until only the cleaned sample wass left . This was then 

washed and centrifuged with di stilled water. These samples were then 

re-aceto lysed to darke n the now bleached po ll en grains. 

• The samples were the n sieved at 6 µm in a Sartorius vacuum apparatus 

to further concentrate the pollen. 
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• At this stage the samples were dehydrated prior to mounting on 

microscope slides. The samples were washed in industrial alcohol. 

centrifuged and decanted. This step was repeated with absolute alcohol 

and fo llowed by immersing the samples in a 50:50 mixture of absol ute 

alcohol and tertiary butyl alcohol (TBA). 

• Following this the samples were washed 111 pure TBA. transferred to 

labelled IO ml vials containing TBA and silicone oil and centrifuged to 

separate the TBA which ,-vas then evaporated off in a 50°C oven. The 

samples were then sealed ready for mounting on microscope slides. 

2.3 .3 Slide preparation. 

• T\\'o slides were made fo r each sample. 

• All glass slides and cover lips were first cleaned. 

• The slides were placed on a hot plate and warmed. The , ·ial contents 

\\ere thorough!) stirred with a glass rod. The glass rod \\ as then used to 

place a le \\ drops of'the sample on the centre of the slide. 

• Some time v\as allowed for the sample to spread out and for air bubbles 

to disperse before a co\'er slip was placed o,u the sample. 

• With a fine nozzled pipette hot \\ax \\'as injected under the co,·er slip to 

seal off the sample. 

• The surplus \\'ax was then scraped off and the slide cleaned with white 

spirit. 

2.3.4 Counting. 

The slides were counted using a magnification of' 500x on a Zeiss Axiophot 

microscope. Two slides were counted for each sample to minimise errors which 

might arise from incomplete mixing of pollen wi th the silicone oil. One hundred and 

fi fty non-aquatic pollen gra ins were counted on each slide - a total of 300 grains per 

sample. Slides that were sparse in palynomorphs were near or totally scanned in the 

counting. Sl ides that were rich in palynomorphs were counted by traversing in the 

vicinity of the across-stage diameter. 
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2.3.5 Identification. 

It was difficult to positively identify ing some species as no complete 

checklist of Chatham Island pollen. past and present was avai lable. References used 

were: Large and Braggins (1991); Moar ( 1993); Mildenhall (1994). The N01/ufag11s 

pol lens are divided into F11sco.spora (McGlone et al. I 996) and Noth(fagus 111en~iesii 

as the pollens in the F11scosporo group are \'ery difficult to differentiate. 

2.3 .6 Charcoal. 

Since charcoal. often 111 s ignificant amounts. occur in all members or the 

Mangere Formation. it \,\'as counted with the pollen samples. As Boyd ( I 982a and b) 

showed. there is difficulty in distinguishing fire-deri ved charcoal from carbonised 

vegetable matter in that charcoal-like particles can be produced v. ithout tire in a 

subsurface position as a re ult or an oxidat ion or coal ification process. Thus the 

larger fragments were counted only if they were totally opaque and had at least one 

straight side and the smaller only if they were totally opaque (on the assumption that 

they \,ere charcoal rather than lignitied or coalitied Ycgetablc matter). Blackford 

(2000) shO\\·ed that large-sized charcoal is abundant where the lire has burned and 

that unburned areas ha\·e most)) fragment of the smallest size. Clark ( I 988). and 

Patterson et al. ( I 987) shO\\ that charcoal fragments <20 µm ascend thermal ly rrom a 

fire and are di spersed regionally. \,hile particles >50 µm. because of their greater 

terminal , ·eloc ity. settle close to the originating fire. That fine charcoal fragments can 

disperse on a planetary scale is shown by Butler (in press). Counting was there fo re 

done in s izes 0-20 µm. 20- 50 µm and >50 µm in the hope of distinguishing local 

fires from distant. wind-borne charcoal. 

2.4.0 X-Ray Diffraction (XRD): Introduction. 

X-ray diffraction is used in thi s study. 111 conjunction with optical 

microscopy. to help determine the mineralogy of the various units of the Mangere 

Formation. and as an aid to determining provenance. XRD is non-destructive and 

requires only sma ll amounts of material. 
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2.4. l Instrument. 

The x-ray diffractometer used is a Philips 4 kYa, PW 171 0 micro-processor

controlled instrument with a PW l 050/80 goniometer and PW 1775 ( 42 sample) 

sample changer. It is operated by broad focus cobalt target tubes operating at 40kV 

and 60mA. 

In general. instrument settings for rout ine analysis were always kept the same 

except that recorder sensitivity could be varied according to the crystallinity and type 

of minerals present in the sample. 

2.4.2 Processing of samples for XRD. 

The technique employed here is that or Whilton and Churchman ( 1987). This 

technique. together with Differential Thermal Analysis (DT /\) and optical 

microscopy. is a method or analyzing fo r the mineral and clay content or the units 

mal-;ing up the Mangere Formation (as delined by Campbell el al. 1993). It also 

enables approx imate quantitatiYe measures o r mineral and clay proportions from the 

samples. In order to ohtain some quantitali\'e resul ts the samples are first treated as 

outlined belO\\ (sec also Fig. 15). 

2.4.3 Calcium Remova l. 

First calcium (exchangeable or carbonate) is remo\'ed as any calcium present 

duri ng the peroxide treatment in step 2 may precipitate insoluble calcium oxalate 

which will interlere with identification or the minerals present in the clay fract ion. 

Approx imately l O g of sample is put in a centri fuge tube with rn. 50 ml of water and 

l drop (or more if the colour is difficult to see) of bromophenol bl ue indicator. 1:1 

HCI is added dropwise until the colour changes to yellow. The fina l pH of the 

solution should be 3.5. If there is much calcium carbonate present, a vigorous 

reaction will occur with frothing. Al l the calcium carbonate may not be completely 

removed but the ac id treatment should remove the small particle-sized material. 

leaving the coarse, less-reactive, particles to be identified in the sand fraction. 

Centrifuging is carried out for IO minutes at 1500 rpm to sediment the sample. The 

supernatant liquid and any floating plant debris is poured off. 
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2.4.4 Organic matter removal. 

Approximately IO ml of 27% hydrogen peroxide is added to the test tubes. 

together with IO ml of distilled v.:ater. They are then stirred and left to stand 

overnight. Any tubes that froth excessively are trans fe rred to 600 ml breakers. A fter 

standing overnight tubes and beakers are placed in a water bath and heated until the 

water bath is boil ing. They are kept at this temperature and stirred occasionally until 

a ll frothing ceases. Samples with high organic matter contents may need extra 1120 2 

to be added to completely destroy any organic matter present. When all froth ing has 

ceased. the tubes are fi lled with water and sti rred. The tubes are then centrifuged for 

15 minutes at 1500 rpm and the clear (though often coloured) supernatant liquid is 

discarded. If c lay remains in suspension a le \\· drops of saturated aC I is added and 

the samples centrifuged aga in. 

2.4.5 Removal of iron and aluminium oxides and oxyhydroxides 

30 ml of citrate reagent (0.26 M) and 5 ml 01· IM sodium bicarbonate are 

added afte r the remornl of organic maller to each tube and tirrcd. The) arc then 

placed in a \,·a tcr bath at 90-1 00°C. When hot. the tubes arc again stirred and 

approximately I g solid sodi um dith ionite is added to each tuhc wi th gentle st irring. 

Excessi\'e frothing is damped dO\\n by a squirt of cold distilled water. The test tubes 

are le ft in the water bath for 15 minutes and stirred at intcr\'als. They arc then 

centri!"uged fo r 15 minutes at 1500 rpm. and the clear. though often coloured. 

supernatant liquid is decanted and discarded. Ir solutions arc cloudy they are 

nocculated by adding I ml or more of" saturated aCI solution. stirred. and 

centri fuged aga in. This step is repeated unti l any reddish or brownish colouration 

disappears and the liquid is clear. Any aggregates or iron-cemented concretions are 

crushed at this stage with the end of a glass rod . The tube contents are then rinsed by 

adding 30 ml of citrate reagent. stirred and heated in a water bath fo r 15 minutes. 

They are then centrifuged and the clear supernatant solution is di scarded. 
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1gurc 15. Flo\\ diagram for XRD procC'.-i'.-iing and dctcrminin~ the mineral cunti:nl 

of samples (Ii-om Whitton and Churchman !978). 

2.4.6 Clay separation. 

Dislilkd water \\as added to the tuhes to the 10 cm mark and the suspensions 

stirn.:d thorough!: 11 ith a motorized stirrer. They were then centrifuged at 500 or 800 

rpm for the appropriate time from lahlc I of Whitton and Churchman ( l 987) 

according to the amhient temperature. If the samples have a hig.h clay content then 

the lirst t\\o of these separations should he carried out at higher rpm and longer time 

to ensure that all of the silt and sand has settled lo the bollom llf the tuhes. The 

supernatant clay suspension was poured into a beaker of 600-1000 ml capacit:, and 
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the separation repeated until the supernatant liquid remained almost clear (usually 5 

or 6 times). The sand and s ilt fractions rema in in the test tubes. 

2.6. 7 Saturation with cations. 

About 10 ml a liquots of clay suspension were transferred to 15 ml centrifuge 

tubes and saturated with potassium ions by add ing. w ithout sha king. 3ml of l M KC I 

to the c lay suspension in the tubes. The c lay was allowed to floccul a te and settle 

under grav ity overni ght. The c lea r supernatant liquid was then vacuum drawn off and 

a further l 0ml of KC I was added. the tubes shaken. and the clay aga in a llowed to 

flocculate overnight. The clear su pernatant liquid was drawn off. the K + saturated 

clay suspension was washed wi th distilled water and centrifuged at 1500 rpm for 15 

minutes and the clear supernatant liquid discarded. Washing and centri fuging was 

repeated three times. or until the c lay began to di sperse. i.e. the suspens ion rema ined 

cloudy fo llowing centri fug ing . 

To the remaining bulk of the clay suspension. IO ml of saturated MgC 12 was 

added. followed by l drop of bromopheno l blue indicator and then l : 1 HCI dropwise 

until the colour turned ye ll ow. The beaker was filled with disti ll ed ·water and the c lay 

suspens ion a llowed to flocculate overn ight. The clear supernatant liquid was then 

drawn off the beaker refilled with distilled water. and the clay aga in a llowed to 

flocculate ove rni ght. The c lear supernatant liquid was drawn off and the washed 

Mg ++-saturated clay reta ined for x-ray slide preparation . 

2.4.8 Preparation of x-ray slides. 

A clean dry g lass slide (approximatel y 25mm x 25mm) was covered wi th as 

much finely ground sand , silt , or clay suspension in water as can be held on the slide 

( 1-2 ml ) and a llowed to dry in a ir. This gives time for some of the the particles to 

orie ntate themse lves to the 001 face as they sink. For c lays, two or three slides were 

prepared in this manner, one each of: Mg++-saturated clay, K+-saturated clay, and, if 

necessary Lt-saturated clay. Afte r X-ray diffractograms were obtained, using the air

dried slides as prepared above, the slides were further treated as follows: (a) Mg++

saturated slides were sprayed with a 10% glycero l in water solution. Each slide was 

allowed to dry overnight giv ing time for the g lycero l to react. Thi s g lyceration step 
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may need to be repeated to achieve the complete expansion of some smectites. The 

slides were then re-examined by x-ray di ffraction (XRD). (b) After the diffractogram 

for the Mg ... +-glycerol sample had been obtained the slide was heated to 550°C for 2 

hours. cooled and another diffractogram obtained. 

2.4.9 Silt and sand separation. 

Silt was separated from the residue remaining in the centrifuge tube after step 

4 (Fig. 15) by filling the tubes with di stilled water to the I 0cm mark. stirring and 

al lovv·ing them to stand for the appropriate time as given by Table 2 in Whi tton and 

Churchman. ( I 987). The suspension contained only silt at the end of the time and 

was poured into a 600m beaker. This step was repeated unt il no further silt remained 

in suspension (usually 4-5 times). The silt in suspension in the 600 ml beaker v,as 

al lowed to settl e out O\'ernight and the supernatant liquid dravvn off next day. The silt 

was washed \\'ith di still ed water. air-dried. and stored in vials tor x-ray and optical 

examination. The sand fraction. \\·hich was the residue remaining in the tubes after 

silt separation. \\US dried by heating the tubes in an o\·en at I I 0° C OYernight and 

stored in \·ials. 

2.4.10 Sand fraction density separation for heavy and light mineral s and 

volcanic glass. 

The sand fraction \\·as then separated into glass. light and hca\'y fraction . 

Using sodium polytungstate (SPT) or density 2.45 g cm3 .This separates out the glass 

from the light and heavy mineral fraction. and a density or2.85-2.90 g cm3 separates 

the light from the heaYy minerals. The separation \,Vas accomplished by placing 0.5 g 

of sand in a IO ml centrifuge tube having a narrow stem and 5-6 ml of the lo\,ver 

density SPT was added. The tube was gently stirred to disperse sand grains and break 

up any aggregates. It was then allowed to settle . If there was much fine sand it was 

necessary to centri fuge at I 000- 1500 rpm for I 0-1 5 min to obtain a complete 

separation. A glass rod with a button on one end was pushed down through the light 

floating fraction (taking care that none of the light material is carried down wi th the 

button) until the button sealed the narrow stem which contained the heavier fraction. 

The SPT above the seal, together with the very light fraction, was poured into a filter 
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paper in a glass separating funnel. The tube was washed with SPT to remove any 

sand adhering to the g lass rod or tube, care being taken during thi s washing step to 

avo id breaking the seal and thus contaminating the heavy separate. The rema ining 

fraction was washed with SPT into a second filter paper. Each filter paper was 

labelled with sample number and heavy-plus-light o r li ght fraction etc . for future 

identifica ti on. The two filter papers were then washed with di still ed water and 

allowed to air-dry in a fume cupboard. and further dried in an oven at I l 0°C a lso in a 

fume cupboard , and sto red in via ls for x-ray and optical examinati on. The heavy plus 

light fraction was simil a rly separated to get heavy and li ght (q uartz. feldspar etc .) 

mineral fractions using S PT of 2.85g cm 3. 

2.4.11 Preparation of dry clay. 

The remaining suspension of Mg ++-saturated clays was a ir-dri ed in a petri 

dish in preparation fo r differential thermal analysis (DT A). Eac h sample was then 

analysed by OTA to establi sh the quantities of gibbsite and kandite present. 

2.5.0 XRD procedure; oriented samples . 

X-ray s lides prepared as detai led above \Vere placed in sample ho lders. 

stacked in the sample magazine. loaded into the sample changer and an x-ray 

diffractogram obtained using the appropri ate programmes for the PW 17 10 

instrument. These were programme 222 for Mg++ saturated clay in air. and · 

programme 223 for Mg++ satu rated and g lycerated samples. K+ satu ra ted samples, and 

550°C heated samples. 

For heavy and li ght mineral sampl es, a few milligrams of the sample were 

finely ground using an agate mortar a nd pestle. The samples were then mi xed to a 

slurry with acetone or water and evenl y distributed over the whole slide. The acetone 

was a llowed to evaporate and the s lides were then placed in sample holders, loaded 

into the sample changer and the machine started . X-ray diffratograms were obtained 

using programme 211 for heavy minerals or programme 2 10 fo r lights. 

2.5. l Interpretation. 

Sand, si lt, clay and whole soil samples a re analysed usmg powder x-ray 

diffractograms to estimate the kinds of mineral s present. This was done in two steps. 
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Step 1: x-ray powder diffractograms were compared to cards on which the 

principal XRD peaks for each of the commonly occurring mineral s 

had been marked. 

Step 2: any remaining peaks not ide ntified above were then be identified 

using standard reference books of XRD data and/or the ASTM index 

and data fil e. 

The quantiti es of minera ls present we re qua litati vely estimated from peak 

he ight intensiti es (which represents counts/sec.) of each of the mineral s present . T hi s 

was carri ed out using graphs of peak height intens ity against concentratio n. w hich 

had been pre pared. using pure mineral standards. fo r each of the common minera ls. 

G raphs were ava il able fo r quartz. fe ldspar (albite), mica (muscovi te and bioti te), 

c hlorite, horn blende. c ri stoba lite and ca lc ite. Other less common minera ls were dealt 

w ith by refe re nce to sta ndard tables. Some mine ra ls e.g . chl orite. are subj ec t to 

e nhancemen t of peak intensity due to ori entati on effec ts . O thers such as e pido te have 

poo r peak intensities compared to other minerals. Therefore. in the estimat ion of 

these minera ls chlorite intens iti es are ha lved and epidote intensit ies do ubled. These 

ca lcul ati ons were checked using counting techniques and optical microscopy for 

some samples in each gro up of sam ples ana lysed. At the same time the presence of 

s ignifi cant minor components not de tected by X RD could be recorded . 

2. 5.2 Determination of cl ays. 

In XRD. clays are di st ingui shed by the basal (00 I) spac ing of minera ls. C lay 

mineral s are c lass ifi ed into 1: I , 2: I and 2:2 layer spac ing corresponding (in XRD) to 

repeat spac ing of 2: 7.2A (kaolinite, dehydrated ha lloysite), I 0A (micas, ii lites, 

vermiculite, smectites) and , 14A chlo rites respecti vely . 

• I : I c lays. Dehydrated ha lloys ite was distingui shed by treatment w ith 

g lycerol which expands the layer spacing to I IA. 

• 2: I clays. The I 0A peaks of illite and mica cannot be di stingui shed 

from each other and both are classed as mica. Vermiculites were 

d istingui shed by replacing the interlayer cations or by heat treatment 

around 550° C. Vermiculites, in which a ll the inte rlayer spaces have 

been replaced by K+, have 14A spacing and , with Mg++, the separation 
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between layers is 1 OA. In the case of Al(OHh, heating to 550°C is 

needed to collapse the spacing to 1 OA. In the presence of glycerol, 

magnesium-saturated srnectites have a basal spacing of c. 18 A, while 

K+ saturated srnectites have a basal spacing of 10 A. This distingui shes 

the smectites. 

• 2:2 layer clays. Chlorites are si milar to kandites and are difficult to 

di st ingui sh with XRD but are distingui shable with OTA which g ives 

the quantity of kandite (kaolin/ halloys ite). Clays were identified from 

the tables on page 12 of Whitton and Churchman, (1978) which g ives 

the interlayer spaci ng for clays after treatme nts with Mg++ in air and 

g lycero l, K+ and heating to 550° C. 

2.5.3 Quantitive analysis of minerals and clays. 

Semi-quantative ana lysis is possible on a ll minerals by measuring the main 

peak of each mineral and clay and applying the formulae g iven in Whitton and 

C hurchman ( 1987. p 13 ). Tables of estimated errors for the clay and mineral va lues 

are given on pages 23 and 24 of Whitton and Churchman ( 1987) .. 

2.5.4 Determination of allophane content (Basal and Skua members). 

The presence of a ll ophane in the very g lassy Skua member was determined 

by atom ic absopt ion (AA) using acid - oxalate- extractable Al0 and Si ll va lues and 

pyrophosphate-extractable A lp va lues. The Al /Si ratio was calculated from Al0 -

A lp/Si0 and then the allophone/imogolite content was calculated by multiply ing Si 0 

by the given factor in the table on page 18 of Whitton and Churchman ( 1987) 

appropriate for the Al/Si ratio. For the Basal member a simple field test was used. 

This consisted of adding NaF to the sample on filter paper that had been treated with 

phenolphthalein. The NaF reacts with the OH and OH2 to give NaOH and AIF. If 

allophane is present the pH is raised to 9-10 and thi s turns the phenolphthalein pink 

2.6.0 Differential Thermal Analysis (DT A). 

The OTA instrument used was a Du Pont 99 micro-processor controlled OTA 

using a high temperature (up to l 200°C) furnace . 
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Differential thermal analysis (DT A) involves the simultaneous heating of two 

samples; the unknown sample and, in thi s machine, aluminium which is ine11 and 

maintains the same temperature as the furnace . Thus the difference between these 

two, measures endothermic and exothermic reactions in the sampl e relative to the 

standard (A l) which occur when a sample is either heated or cooled . These reactions 

are a result of, for example, water loss. ox idati on of organic matter, recrystalli sati on. 

and crystal inversions. As a minera l undergoes these reactions it will become hotter 

or cooler than the reference sample (A l). The difference in temperature between the 

two, measured by a differential thermocouple is plotted against the furn ace (i.e. the 

Al) temperature. This curve is reproducible for most minerals. In thi s tudy it was 

used to ascertain the amount of kandite (kaolinite plus halloys ite) in the samples. As 

compared with va lues from XRD. those from OTA are more precise and subj ect to 

less variation from differences in crystallinity and particle size of the clay minera ls. 

Values obtained for gibbsite and kandites from OTA are also less affected by ove rl ap 

of characteristic peaks of different minera ls in XRD. 

The temperature difference (detected by thermocouples attac hed to the 

crucibles and wired in oppos ition) between the two materials is continuously 

recorded as they are heated or cooled. When the temperature of the sample equals the 

temperature of the rel'erence materi al the tvvo thermocouples produce identical but 

opposed vo ltages and the net vo ltage is zero . When the sampl e and refe rence 

temperature differ, there is a proportional vo ltage differential and a peak then 

develops on the curve of temperature differential aga inst temperature. An example of 

uch a peak is shown di agrammaticall y in Figure 16. Along the line AB no reaction 

is occurring and the temperature difference is zero but at B an endothermic reaction 

starts, giving rise to the peak BCD. When point D is reached the sample is again at 

the same temperature as the reference material and the temperature difference 

remains zero until another reaction occurs. The position of the peak temperature at 

point C is usually characteristic of the minera ls present and peak area (BCD) or peak 

height (h) is proportional to the amount of the reacting material. 
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Figure 16. Graph illustrating temperature differential peak di scussed in text (from 

Whitton and Churchman 1987) . 

2.6. 1 Procedure. 
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Representative samples of clay or vvho le so il were finel y gro und and packed 

into the sample holder. Fifty mg of A l~O3 was firml y packed into the platinum liner 

of the mac ro cup (the larger of the two avai lable cups) a nd the c up containing the 

reference AbO3 was placed on top of the ri ght hand thermocoupl e. Fifty mg of 

sample was similarly packed into a second cup and placed on the left-h and 

thermocouple. The furnace was then c losed and the thermogram run . 

2.6.2 Interpretation. 

Once the thermogram had been obtained it was compared with the 

thermograms run using standard pure mineral specimens. A quantitati ve estimate of 

g ibbsite and kandites was made by measuring peak heights or areas under 

characteristic endothermic peaks at temperatures of 280-330°C for gibbsite and 520-

5600C for kandites, and obtaining the concentration of the mine rals present from 

standard graphs. 
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2.7.0 Loss on Ignition. 

Loss on ignition was carried out on the Basal and Carbonaceous members to 

determine the amount of carbon in these units. The procedure was first to check for, 

and eliminate any calcite with dilute HCI and then to dry the samples in a 100° C 

oven for 24 hrs . The samples were then weighed and placed in we ighed crucibles and 

heated in a furnace to 700° C for 7 lu·s. The crucibles were placed in the furnace in a 

recorded order to obviate later misidentification of samples. After 7 hrs the crucib les 

we re extracted from the furnace and allowed to cool enough (to avoid uptake of 

atmospheric water before weighi ng) for them to be weighed. The final weight was; 

(we ight of crucibl e + sample) - we ight of crucible. The percentage of organic carbon 

is: (o ri g inal weight of sample - final weight of sample) / original weight of sample* 

100 % 

2.8.0 Experiment to simu late ripples found on the bases of several 

sandstone units of the Cyc lic member. 

Nea r symmetric ripples of very short wave length averaging 4- 5 mm (ripp le 

index = 3.5- 4 approx.) were found on the bases of severa l sandstone units in the 

Cyclic member. Mangere Formation. Calc ulati on of the vari ous rippl e and rippl e 

symmetry indices (Reinech and Singh. 1980 p. 35) gave indeterminate res ults as to 

whether the rippl es were wind or current generated (though the rippl e index makes 

them definitely wave ripples). However Reinech and Singh ( 1980 p. 35) a lso sta te 

that ripples small er than 4.5 mm are known onl y as assymetrica l wave rippl es. one 

of the standard texts I consu lted dealt sati sfactorily with such short wave lengths. For 

thi s, and reasons di scussed in Chapte r 3, I assumed them to be w ind generated and 

Dr. Ciel Wallace and I attempted separately to simulate them in large troughs. Fig 38 

shows the result obtained . 
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Chapter 3. 

Results. 

3.0.0 Introduction. 

Mangere Island 1s essentiall y vo lcanic but in two restricted areas 

quartzofeldspathic sedimentary sequences are fo und . These are the Tupuangi and 

Mangere (Campbell, et. al. 1993) Formations. 

3.1.0 Tupuangi Formation. 

As part of thi s study the Tupuangi Formation (fo rmerl y known onl y on Pitt 

Island) is fo und at the southwestern end of Black Robin Bush (F ig. 3. C). Although 

not a formal part of thi s projec t. a strati graphic secti on was measured and described 

(F ig. 20) because findin g it on Mangere Island has impli cations fo r the palynology 

and provenance of the Mangere Formation. Furthermore thi s identifi cati on 

considerably ex tends its distri bution beyond Pitt Island. Also its str ike and dip are 

significantly diffe rent between Pitt and Mangere Islands suggesting that there is 

some fo rm of structure between the two islands. The Tupuangi Formation on 

Mangere Island consists of siltstones and silty sandstones and is lithologica ll y 

indistingui shab le from its counterpart on Pitt Island. o other outcrops of Tupuangi 

Formati on were fo und on Mangere Island . 

3.1.1 Mangere sedimentary sequence. 

The Mangere sedimentary sequence is fo und in the central low part of the 

island between the North and South Landings (F ig. 17). It rests on, and is surrounded 

by, the Rangiauria Breccia. This sequence compri ses six di stincti ve units: 

• At the base is the 7 metre-thick Bag End Breccia (formerl y the 

Whenuataru Tuff- see di scuss ion in chapter 4). 

• A massive, 32 metre-thick mudstone sequence, here named the Basa l 

Member. 

• A central 12.55 metre-thick sequence of alternating sandstones and 

mudstones, here named the Cyclic Member. 



• A dark organic rich unit of 0.575 metres maximum thickness here 

named the Carbonaceous Member. 
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• An upper 16.8 metre-thick strongly tuffaceous sequence here named the 

Skua Member. 

• A 0.6 metre-thick tephra cap. 

All but the first of these units formerly made up the Mange re Formati on of 

Campbell et of. ( 1993). These units are shown in Figure 17. 

f igure 17. View or the western side of Mangere. Parakeet. and Rangiauria 

Formations to show the fo llowing stratigraphic units (vertica l 

exaggerat ion 1.5): 

( ) Rangiauria Formation: 6. Robin Bush Si ltstone member. 7: 

Rangiauria Breccia. 

(B) I .Bag End Brcccia. 

(C) Mangere Formation : 2: Basal Member, 3: Cyc li c Member. 

(D) Parakee t Formati on: 4:Carbonaceous Member. 5: Skua Member 

with tephra cap. 

The letters X Y and Z on the photograph locate the sites from which the 

strati graphic colu111J1 was compiled. (Photo: R.C. Wallace). 

The stratigraphic column of the Basa l Member of the Mangere Formation 

was compiled from the vegetati on free sk irt marked ·'X" on Figure 17; the Cyclic 

Member was compiled from the north-eastern end of the sequence at '·Y-'. The 

Carbonaceous and Skua Members and tephra of the Parakeet Formation were 

measured from the southwestern end of the fo rmation along the cliff edge at "Z" to 

the top of the sequence. A continuous section down the centre of the fo rmation was 
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not possible because the upper sections are close to verti cal and either inaccessible or 

heavily vegetated. 

Campbel I el al. ( 1993 p. 149) suggested that there might be an outcrop of 

Mangere Format ion or its correlative on the summit of Kaingaroa Hill. Pitt Island. I 

visited Ka ingaroa Hill and the area around it. but fo und no signs of units resembling 

the Mangere Formation. 

Figure 18. Vie\\ or the Mangere and Parakeet Formations looking towards the 

northeast from the ridge immediately north of the hut. showing the Basal 

member (A). the Cyclic member (8). and the Skua member capped by a 

0.6 m th ick tephra (C). Two thick. prominent sandstone units can be seen 

in the lower half of the Cyclic member. The lowest of these is info rmally 

named the ripple unit. Two more thick sandstone units appear, partly 

obscured by vegetation, at the upper right of the Cyclic member. These 

pinch out in the vegetated area. Just above the Cyclic member is the thin 

black Carbonaceous member (arrowed). The white unit (D) at the lower 

right is Robin Bush siltstone. It dips away from the ridge on both sides 

and forms the southwestern boundary of the Basa l member and the lower 

half of the Cyclic member. 
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f igure 19. Vie,, or Mangere and Parakeet Formations on the eastern (South 

Landing) side of the island showing the Basal (A). Cyc lic (B). and Skua 

(C) (entirely vegetation co,·ered). Members. ote the two prominent 

sandstone units in the Cyclic Member \Yhich completely cross the lower 

half' of' the member (the lo\\'er unit is the ripple layer). The Bag End 

Breccia (D) is seen to the right immediate!) belo,, the Basal Member. 

Belo,, this and across the photo is the light }cikm-bro"vn Robin Bush 

Si ltstone (I::) and belo,, this. al sea Ic,·e l is the Rangia uria Breccia (F). 

Note that the Bag End Breccia ·•rides·· up o,·er the Rob in Bush Siltstone 

al the extreme right. A brov.:nish Rangiauria Breccia megac lasl (G) in the 

Bag End Breecia is seen just 10 the righ t or centre. The Carbonaceous 

Member is obscured by ,·egetation in th is photograph. The pinched out 

unit (arrowed) al the bottom right of the Cyclic Member is unit 28c. a 

turbid ite. ortheast is to the right. 
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3.2.0 Stratigraphic Columns. 
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Key to symbols used in stratigraphic columns. (symbols from Andre\\ s I 982). 
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calc,toc 

...L... 
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sand 
silt 
clay 
luff 
load casts 

massive bedding 
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well bedded 
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wood 

ostracods 
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Figure 20. Stratigraphic column. Tupuangi Formation, Mangere Island. --x'· = rock 

sample; ·•p" = pollen sample. (Grid ref: 667200 Topo. Map 260 Chatham 

Islands 2. All further grid refs. refer to this map. ) 
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Figure 2 1. Stratigraphic Colunm, Mangere Formation, Mangere Island. " x 

sample; ·'p" = pollen sample. (See key to symbols, p 53). 
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2.SYR 412 dark greyish brown silt. Carbonaceous. finely bedded with a 

1.5mm very dark grey layer 8 mm from base 
2.SYR 4/2 silty sulphurous lignite weathers to a flaky edge. 

2.SYR 513 light olive brown. well sorted mm-laminated siltstone with a 
6 mm basal layer o f poorly sorted. rusty sandstone. 

10YR 413 brown massive sandy siltstone. 

2.5YR 412 dark greyish brown indurated silty sandstone, poorly sorted. 

Abundant larger grains of hornblende, quartz. lithics and zeolites 

2 SY 813 pale yellow. Series of dm-bedded calcareous, sandy siltstone 

beds.moderately well sorted separated by poorly sorted cm bedded 
sandstone units with abundant large crystals crystals of hornblende and 

quartz . 

2YR 412 dark greyish brown. lndurated massive silty sandstone, 

moderately well sorted. Abundant larger grains of hornblende and quartz 

plus whole and fragmental shells of ostracods. 

2.SY 8/3 pale yellow. Well consolidated of mm- and dm-bedded. 

moderately well sorted , fine sandy siltstone with ox1d1sed layers 
Contains some mm thick laminated beds faced above and below by 
3 mm gypsum crystals normal to the laminae These siltstones are 

separated by cm thick. poorly sorted sandstone beds with abundant 
larger crystals of hornblende and quartz Calcareous. 

10YR 4/3 brown massive, 1ndurated, poorly sorted, coarse silty 

sandstone. Larger crystals of hornblende and quartz with shell fragments of 
bryozoa, echinoderm and whole and fragmental ostracods. 

Mm-bedded sharply defined, each bed strongly distinguished by colour. 
10YR 512 greyish b rown Massive (vaguely bedded?) indurated siltstone. 

Well sorted with darker brown 1 mm layers. Calcareous. 

10YR 4/3 brown massive silty sandstone. moderately well sorted with 
abundant larger crystals of hornblende and quartz. 

10Y 411 dark grey . Well consolidated, cm-bedded, well sorted siltstone. 
Very thin fine sandstone layers at the base of the beds. Calcareous. 

1 OYR 413 brown massive silty sandstone, moderately well sorted with 
abundant larger crystals of hornblende and quartz. 

10Y 4/1dark grey . Well consolidated, cm bedded, well sorted siltstone. 
Very thin sandstone layers at base of beds. Calcareous, 

10YR 4/2 dark greyish brown, massive, mdurated silty sandstone with 
laminated silt inclusions. Poor sorting with abundant larger crystals of 

hornblende and quartz. Calcareous and normally graded. 

Column continues on next page. 
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10YR 4/2 dark greyish brown, massive, indurated silty sandstone with 
laminated silt inclusions. Poorly sorted wi th abundant larger crystals of 
hornblende and quartz (ca. 2 mm long). Calcareous and normally graded. 

- 2.SYR 4/2 dark greyish-brown. Well consolidated mm-bedded sandy 
silts tone moderately sorted. 

10YR 4/2 dark greyish-brown . Massive indurated silty sandstone 
poorly sorted . Abundant larger crystals (ca. 2 mm long) of hornblende 
and quartz. 
1 OYR 4//3 brown. Massive indurated coarse sandy siltstone, poorly sorted. 

10YR 4/2 dark greyish brown. Massive Fine cm-bedded siltstone,. 
poorly sorted. Abundant larger crystals of hornblende and quartz 

(ca. 2 mm long). 

2.SYR 4/2 dark greyish brown, mm and-dm-bedded, well indurated coarse 
sandy siltstone.moderately sorted, massive and laminated beds. 
Abundant wood associated with gypsum and su lphur. Disturbed lower 
beds with foundered blocks of sandstone and thin broken slabs of si lty 
sandstone. Mildly calcareous. Mudstone rip up clasts at the base. 

~ X 
Ripple unit. 2.SYR 4/2 dark greyish-brown. Massive. indurated . 

--v-

@ poorly sorted . Abundant larger crystals of hornblende and quartz. 
x Very short wavelength (typically 5 mm) ripples on bottom surface trending 

southwest. Mildly calcareous and normally graded. Rare ostracod shells . 

px 

~ 

(=) 

_x 

2.SY 4/3 ol ive brown coarse sandy siltstone. Upper 280 mm with cm
laminations. The lower 180 mm is massive. Rip up clasts of silt and 

contorted bedding at sou thern end of this unit. 

~x 

SYR 5/1 Grey. Upper half vaguely bedded, lower half massive, indurated . 
poorly sorted silty sandstone. abundant larger crystals of hornblende and 

quartz. Calcareous , normally graded . Pinches out 50m to the south . 
Load casts on the base. 

~ 

X 

X 

X 

2.SY 6/3 light yellowish brown. Massive sandy siltstone. moderately sorted : 
cm-inclusions of fine dark grey siltstone with larger dm lenses. 

2.5YR 4/2 grey. Massive indurated . poorly sorted silty sandstone, 
abundant larger crystals of hornblende and quartz. Calcareous. normally 
graded.Pinches out 40m to the south. Load casts on base . 

2.SY 6/3 light yellowish brown. Massive sandy siltstone. moderately 
sorted with cm-inclusions of fine dark grey sil tstone. Calcareous.Pinches out 
12m to the south . 

2.SYR 4/2 grey massive, indurated , silty sandstone, abundant larger 
crystals of hornblende and quartz. Pinches out in 1 Om to the south. 

42.5 
Basal member- see Fig . 21 . 

Figure 22. Stratigraphic co lumn, Cyclic member, Mangere Formation. 

An "x"=rock sample; "p"= poll en sam ple. 
Column "A" parall e l to the main colum n, represents the sequence at grid ref. 657 193 where the un its 
below 26c in the main column have pinched out. This is expla ined in figure 73. Id to 16d are poll en 
samples. (See key to symbols, p 54) 
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3.3.0 Resu lts of field and laboratory work. 

Introduction. 

In what follows, the Tupuangi Formation, Bag End Breccia, and each 

member of the Mangere and Parakeet Formations will be dealt with separately in 

terms of the results of field and laboratory work. 

3.3. l Tupuangi Formation(?). 

This Formation was invest igated to determine its relationship to Tupuangi 

Formation, Pitt Island . 

The base of the outcrop of the Tupuangi Formation on Mangere Island (F ig. 

23) is not visible. It appears at about 15 m above sea leve l, is at least 25 min height 

and 75 m wide. It consists at the base of an unknown thickness of light grey (SY 6/ 1) 

and dark oli ve grey (SY 3/2) laminated si ltstone that dips to the northwest at 12°. The 

siltstone is carbonaceous and contains mm-to cm-sized lignite clasts. This is 

fo llowed by a 50 mm thick light brownish grey (2.5Y 6/2) si lty sandstone bed 

containing we ll preserved fossil leaves. The top of the seq uence consists of at least 

IO m of massive li ght brownish grey (2.5Y 6/2) silty sandstone which also contains 

fossi l leaves. A piece of nattened. li gn ified wood. 250mm x 160mm x 25 mm. was 

sampled from it. The southeastern end of the outcrop is normally fau lted . The 

downthrown side is not visible and is presumably below sea leve l. 
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Figure 23. V iew of the southeast side of Mangere Island showing the Tupuangi 

Format ion identified as the white patch (A) just to the left of centre 

(G.P.S. S 44 16. 102 ' W 176° 17 376 '. grid ref. 667200). A normal fault 

(dashed red line) associated with a string of volcanic vents dislocates the 

southern end of the Formation and crosses the island (Fig. 14 ). The 

Mangere Formation is just out of the photo to the left (so uth west). 

3.3.2 Grain size analysis, Tupuangi Formation; Pitt and Mangere Is lands. 

A grain size analysis was carried out on these samples as an aid to their 

poss ibl e correlation. 

Mangere Island Pitt Island 
Sample TIO Tll T 12 Gib G2b G3 

Sand 28.15 66.4 88.9 26.5 80.2 82.8 
S ilt 17 29.8 3.8 10.9 8.2 5.6 

C lay 54.8 3.8 7.3 62 .6 11.6 6.5 
Total 99.95 100 100 100 100 94.9 

Table 1. Percentage distribution of sand, si lt and clay fractions of T upuangi 

Formation samples from Pitt and Mangere Islands. The Pitt Island 

samples were collected from Waihere Bay, Pitt Island by Dr C. Wallace. 

3.3.3 XRD analysis, Tupuangi Formation; Pitt and Mangere Islands. 

XRD analyses were conducted on samples from these islands as an ai d to 

their possible correlation. The results are shown in Table 2. 
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Mangere Island Pitt Island 
Sample T IO Tl! Tl 2 Glb G2b G3 
Quartz 45 42 47 44 49 44 

Feldspar 31 28 29 
,,,, 

42 26 .) .) 

Mica 3.5 I 0.5 
,, 

4 2 .) 

Il menite 0.8 0.4 1 1 0.5 0 
Magnetite 

,, 
I 2 1 2 2 .) 

Epidote I 0. 5 1.5 I 0.4 0.6 
Zircon 0.6 0.8 0.5 0.6 0.2 0.7 

Table 2. Relati ve percentage (erro r I 0-15%) di stributi on of se lected light and 

heavy minerals fro m XRD data fo r Tupuangi Formation, Pitt and 

Mangc re Island s. 

3.3.4 Foss il s in Tupuangi Formation, Mangere Island. 

Whole and frag mental leaves (unidentified) and fl attened lignified wood were 

fo und in the two upper units (Fig. 20) . The lower. massive siltstone. contained 

numerous small cm-sized carbon lenses. The outcrop was fo und to contain 

Cretaceous and earli er. but no later poll ens. 

The fo llowing is a li st of the po ll en assemblage fo und : 

Podoc·arpidites 

Microalatidites 

Dacrydi11111ites 

Microfo 1·eolatospom s 

Spheripollenites (sim. ) 

Triporoletes ( si111 .) 

Perotriletes 

Araucariacites 

Classopollis 

Coptospora ? 

Cyathadites 

Tetracolpites? 

Annulispora ( sim.) 

Quadrasporites ? 

Dictyosporites 



Ci cat ricosisporites ( si111. ) 

Fora111i11isporu.\' 

Gleicheniidites (sin,.) 

L_,·copod i 11111spori tes 

Retirnlotisporites '! 

Periporopol/enites 
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The pollens \\'ere identified by compari son from Mildenhall ( 1994). Much of 

the pollen was crushed or broken. The slides also contained abundant plant 

fragments. strongly lignified wood (or charcoal?) fragments. as \,Veil as abundant 

dinofl agellate spores and fragments. 

3.3 .0 Bag End Breccia (formerly Whenuataru Tuff) . 

Bag End breccia (Fig. 2-+) consists or a series or coarse indurated units with 

intercalated finer muddy sandstones. It occurs immed iately under the Basal member. 

Mangere Formation. at the northeastern end o r the outcrop and pinches out at grid 

rel'. 657 193 (Fig. 9). Its maximum thickness is 7.5 m. It contains rragmental 

rnacro foss il s or bryozoa. echinoderm spine . brachiopods. Mooricolpus and 

Sec1ipec1e11. Some or the lo\\ er units di splay water-escape and bed-loading features. 

such a fl ame structures and load casts (Fig. 25). A unique feature or thi s breccia is 

the occurrence within it or mcgaclasts o f Rangiauria Breccia. up to 6x-tx4 metres in 

size. \\'hich are fo und on both sides o r the island near the orth and South Landings 

(Figs. 19 and 26). The breccia occurs as layers of various thicknesses of indurated 

breccia separated by fine mudstone units. 
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Figure 24. View showing the northeastern end of the Bag End brcccia (bracketed to 
the southeast). orth Landing. ote that it appears to be riding up O\'er an 
outcrop of Robin Bush siltstone. Here the Breccia consists of beds or 
angular clasts in an indurated very coarse sandstone matrix separated by 
fine grained tufTaceous beds deri ved from the Robin Bush siltstone. The 
breccia is at its thickest to the right of the photograph and pinches out to 
the southwest. The saddle at the upper left is The Neck. 

Figure 25. Detail of lower beds of Bag End breccia halfway along its outcrop at the 
South Landing. This shows. in the upper unit. some of the name 
structures and load casts caused by sediment loading of water saturated 
mud layers by the overlying sand. At the left of the central mud stone unit 
are pillow type structures which probably resulted from the central unit 
being shocked when it was in a semi-consolidated state. The black clasts 
in the central sequence arc probably foundered mudstone from the unit 
above. The lowest unit shows symmetrical ripples and is not thought to be 
part of the Bag End breccia but earlier marine sediments, (Robin Bush 
siltstone) overridden by the breccia. Length of tape is 750 mm. 
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figure 26. A megac last or Rangiauria Breccia. ,, ith a maximum dimension or 6.6 rn. 

incorporated into the upper part or Bag End Breccia (South Landing). 

The Breccia thins to the right and pinches out half\vay along the , ·isiblc 

face. The concretionary nature or the Basal Member. Mangere Formation. 

is ai-ro\ved at upper lcl't. The foundation or a di sused black robin a\'iary 

can be seen in the foreground. 

3.4. 1 Optical microscopy of Bag End Breccia. 

A petrographic ana lysis was carried out as an aid to comparing thi s unit with 

the Whenuataru Tuff. on Pitt Island. The microscope slides show a very fine 

groundmass fu ll of devitrified glass with subangular to subrounded lithics, of 

limestone and vesicular basalt. The basalt lithics contain numerous phenocrysts of 

hornblende, augite, magnetite/ilmenite, and plagioclase (Fig. 27). 
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.. ., . ~ . 

Figure 27. Photomicrograph of Bag End Breccia shO\ving vesicular ba all lithics 

,, ith phenocr: sts of hornblende ( e.g. the large arro,,·ed phenocryst). 

augite. plagioclase and magnetite. The same crystal s plus lit hics. and 

inclusions of limestone xenoliths. occur in the , ·cry tine palagonitic 

matrix. Magnilication 50x ,, ·ith crossed polars. 

3.5.0 Mangere Formation. 

3.5. I Basal Member. 

The type section for the Basal Member is based al grid ref. 658 195 (to the left 

of the megaclast in Fig. 26). It is generally very fine grained and clayey except at the 

base where vague irregular bedding occurs. Here the siltstone contains lithics of 

vesicular basalt up to IO mm diameter plus calcite, quartz. hornblende, and augite 

crystals. This merges at about 3-4 m above the base into a very fine mudstone almost 

all <32 µm grainsize. Several metres from the top there are increasing numbers and 

sizes of li thics, crystals, and woody material with irregular masses of fine claystone. 

Microscopic crystals of gypsum may sometimes be found associated with vesicles in 
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basalt near the upper boundary. The whole unit contains numerous generally 

irregul ar tubular concretions rich in calcite and usuall y w ith a wood nucleus. These 

tend to be regularly spaced at approximate ly I m intervals. The concretions seem to 

have formed around twi gs and small fragments of wood . Most of the calcium in thi s 

member is in the concreti ons. Foss il wood (usuall y found associated with the 

concretions). in the fo rm o f twigs and small branches including rare sma ll trunks is 

common. especia lly on the North Landing side. On the South Landing side, however, 

the wood and concreti ons are noticea bly rare r. Most o f the foss il wood appears to be 

concentrated on the north west side of the member. In spite of the presence of wood .. 

there is very littl e organic carbon in thi s member (Tab le 3). 

Unl ike the near ve11ica l outcro p of th e Cyc li c Member. thi s uni t fo rms a 

lower s lope angle of rn. 40° and is la rge ly covered w ith a very thin layer. or none at 

a ll of detritus (F ig. 28). 

3.5 .2 Loss on ignition , Basa l Member. (see sec ti on 2.7.0) 

Thi s unit contains signifi cant fo ssi l wood suggesting. espec ia ll y in the li ght of 

its very dark co lour. that the unit itse lf might be carbonaceous. T he results o f loss on 

ignit io n of the sil t frac tio n fo llow in Table 3. 

Sam ple I 

Sampl e 2 

Sampl e 3 

Sample 4 

Sample 5 

0.49% 

0.79% 

0.52% 

0.63% 

0.60% 

Average carbo n = 0.6%. 

Table 3. Loss on ignition (see Secti on 2.7.0), Basal Member. Sample I is fro m the 

base of the member. The Basal Membe r appears carbonaceous but any 

carbon is clearl y concentrated in the wood fragments and concreti ons. 
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figure 28. Vic\\ or the Basal Member al grid ref. 668194. 0 1c the numerous 

concretions and lack or detritus in this area. There is a marked change in 

slope bc t\, ecn the Basal Member and the Cyc lic Member at (A). The 

large rocks in the foreground are part of the Bag End Breccia. 

3.5.3 Grain size ana lysis; Basa l Member 

Basal Member. Grain size distribution for samples 1b, 2b,5b. 

B5 

B3 ....... .--------------' 

B1 

0% 10% 20% 30% 40% 50% 60% 70% 

0 <4 um 

• 63-4 um 

• >63 um 

Figure 29. Percentage sand. silt and clay fractions for samples BI (base), 83 

(middle) and 8 5 (Top) of the Basa l Member, Mangere Formation, 

showing the increased silt and mud fraction in the central (ca. 20 m) part 

of the member. 
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3.5.4 XRD analysis of rock samples; Basal Member. 

The glass content was inferred as the complement of the sum of percentages 

fo r other minerals which were calculated directly from the XRD readout. This is 

supported by petrographic analysis, and a very strong reaction of all samples to the 

al lophane field test. The kandite fraction was determined from OTA analysis of the 

silt and clay fractions. Volcanic glass is dominant in both the sand and silt fractions 

but is entirely missing from the clay fraction presumably because of alteration. 

Quartz and feldspar are quite low. but mica is prominent in the silt and clay fractions. 

Smectite and kandite dominate in the silt and clay frac tions. A significant but 

undetermined amount of allophone not detected in the XRD analysis is present. 

Zcolitcs are represented in the silt and clay fractions also. The larger percentages 

were estimated to about I 0-1 5% accuracy from the XRD readout. Smaller 

percentages of rn. I 0% and less are not reliable but are a useful indicator. 

BASAL MEMBER: % mineral content. 
SAND FRACTION . 

Quartz Feldspar Mica Chlo rite 
Hvy. Vole. 

CaCO3 Min. Glass 
1b 7 10 0 3 16 63 1 
2b 14 13 3 4 16 63 1 
3b 12 13 0 3 16 55 1 
4b 10 12 0 4 13 56 5 
5b 30 17 3 3 13 34 0 
6b 22 10 0 4 13 42 9 

SILT FRACTION. 

Smectite Zeolite 
Kandite 
(OTA). 

1b 12 15 15 34 1 20 4 
2b 12 20 19 29 3 16 4 
3b 6 10 17 41 2 21 3 
4b 7 15 15 34 2 24 3 
5b 6 10 14 46 1 20 3 
6b 8 13 15 41 0 19 4 

CLAY FRACTION. 
1b 3 14 13 63 1 0 3 
2b 4 13 10 63 1 0 4 
3b 3 11 12 65 1 0 4 
4b 4 18 9 64 1 0 4 
5b 5 4 22 58 1 0 4 
6b 4 13 18 61 0 0 4 

Table 4. XRD results for rock samples from the Basal Member, Mangere 

Formation. Estimated margin of error is ca. 15%. 
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HEAVY MINERAL FRACTION 

H'blende Augite Ilmenite Magnetite 
G1 50 40 5 5 

G1b 38 56 5 1 
G2 67 25 5 3 
G2b 49 42 7 2 

- -
G3 68 24 6 2 

-
G3b 70 21 7 2 
G4 60 30 7 3 
G5 56 37 4 3 - -

Table 5. XRD analys is of the heavy mineral frac tion. Basal Member. (1-l"blende is 

Hornblende). 

XRD analys is of heavy minera ls separated fro m whole samples shows that 

hornblende is overwhelmingly dominant. with signifi cant augite and lesse r amounts 

of ilmenite and magnetite (Table 5). 

3.5.5 Palynology; Basal Member. 

Pollen is sparse in the Basal Member but plant fragments. many lignifi ed. are 

relati ve ly common. as are abundant whole. crushed. and bro ken dinofl age ll ates. 

There is signifi cant charcoa l (up to 50 ~tm in length ) in the base of the Basa l 

Member. Thi s decreases in the middle 20 metres and increases aga in in the to p 5 

metres where max imum charcoal size increases to >50 ~tm. Much of the pollen is 

di storted. crushed or broken and is commonl y unidentifi able. ln addit ion to sampling 

the Basal Member (F ig. 2 1 ). 16 samples were taken at approx imately 100 mm 

intervals from across the Basal/Cyclic Member boundary (F ig. 22) but adjusted 

slightly above the boundary to avo id the thin sandstone units. Thi s boundary was 

sampled to see what environmental changes might have occurred with the change 

from mass ive mudstone deposition to alternating units of sandstone and mudstone, 

and also in the hope that some light might be thrown on whether thi s boundary is an 

unconformi ty. The foll owing pollen (from very low counts per slide) have been 

identified: 



l. Samples from 1.6 m above and below the Cyclic/Basal boundary. 

(A): 

( 1) Those at approximately l 00 mm intervals from above the Basal/Cyclic 

boundary: 

trilete ferns 

poaceae 

asteraceae 

Fus('(JSJ >oru 

Mrrsinc 

Coprosmo 

Podocarpus 

Podm·arpidites 

Classopo! I is 

Pc riporopo!!enites 

dinol1agcllates 

Charcoal 0-50µm long 

(2) Those at 100 rnrn intcnals 

trilete 

poaccae 

astcraceae 

Plzy/ locludus 

FttS('(J,\JHJr{{ 

Podocorpus 

Mvrsine 

Coprosma 

Crnthidites 

Foriminisporis 

Classopollis 

boundary: 
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an unknown well preserved. spherical. reticulate. dark brovvn pollen 25~trn 

diameter 

dinoflagellates 

plus some charcoal <0-25µm long 



(B). 

Sample 1 b (F ig. 20) taken from 500 mm above the base of the Member (Fig.20); 

trilete ferns 

asteraceae 

Copros111a 

Nothofagus 

Podocorpus 

Che11 opodi11111 

Triporoletes 

Podornrpidites 

Ci catri caspori tes 

dinoflagellates 

(C). 

Sample 3b taken 15111 above base of the member (Fig 21 ). 

trilete ferns 

asteraceae 

Fi1scospora 

Chenopodi11111 

Podocorpus 

Clossopo/is 

Pteris ? 

Tricolpites 

Podocarpidites 

dinoflagellates 

3.5.6 Optical microscopy, Basa l Member. 
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The microscope slides show that the central ca. 20 metres of this member 

have a very fine groundmass of si lt to clay w ith very small, rare crystals of 

hornblende, augite and magnetite/ ilmenite. Irregular c layey grey-brown co loured 

areas are common in the groundmass which appears to be altered volcanic glass. In 

the lower and top few metres of the member, the groundmass is s li ghtly coarser (Fig. 
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30, left image) but grades into the very fine central portion of the member (Figs. 29 

and 30 right image). Here the lithics and crystals of hornblende. augite, magnetite 

and ilmenite. though small (rn 0.3-0.4 111111). are sparsely but evenly di stributed. A 

characteri stic feature of the lower and upper portions of this member is scattered. 

often larger. clasts of limestone. Crystals and lithics are general ly angular. Zeolites 

appear as small scattered spheres averaging ca. 0.1-0.2 111111 in diameter which appear 

whi te under reflected light but remain in extinction under crossed nicols (1- ig. 30). 

XRD analysis shov,:s that the zeolite is analcime which is a cubic crystal and is 

therefore ex tinct under crossed nicols. 

Figure 30. Photomicrographs of the Basal Member. The left-hand image was taken 

1.5 m above the basal contact. ote the few. angular. crystals of 

hornblende and augite crystals set in a very fi ne matrix. The right-hand 

image was taken 15 m above the base. The number and size of larger 

clasts and crystals decreases dramatically in the central 20 m of the 

member. 



71 

3.5.7 Cyclic Member. 

The strati graphi c column of the Cyc lic Member (F ig 22. pp55&56 was taken 

at the extreme northeastern end of the fo rmation. G. P.S. coordinates fo r the top are: S 

44° 16.467'. W 176° 18 .034' and fo r the bottom of the member: S 44° 16.460', W 

176° 18.026'. (grid ref. 659 195). The Cyclic Member consists of repeated units of 

ho ri zontal, genera ll y we ll conso lida ted, silty sandstone and sandy siltstones of 

vary ing thi cknesses from millimetres to over 0. 75 metres (in some cases with 

mudstone rip-up c las ts in their bases) intercalated w ith siltstone units up to about one 

metre in th ickness (Fig.3 1 ). The silt units of thi s member are a ll of essenti a ll y the 

same litho logy as the Basa l Member. The new factor is the appearance of 

interca lated beds of sandstone in the s il tsto nes fo rming the Cyc li c Member. 

Figure 3 1. View of the Cyc li c Membe r (North Landing side) looking towards the 

northeast from the centre of the face (grid ref. 6571 93) showing the 

junction between the Basal and Cyc lic Members (A). The mudstone/thin 

sandstone sequence (B) above, is typical of the Cyc lic Member. The 

lowest, thi ck, protruding sand stone unit shown above is bed 26c (C), 

info rmall y named the rippl e unit. The ripple unit here is 550 mm thick . 

Note the ca. 90° jo int pattern , revealed by physica l weathering that is 

characteri stic of the sandstone units. To the left (just around the fa r corner 

in the photo) beds 27 to 32 merge into the lowest mudstone/thin 

sandstone unit. Thi s area is characteri sed by fo undered blocks, slabs and 

di sturbed bedding (Figs 32 and 33). 
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Figure 32. A block fallen from the termination of unit 30. To the right of thi s the 

lowest un it of the Cycl ic Member takes the regular form seen in the main 

face in Figure 3 1 (arrowed). 

Figure 33. View showing disturbed bedding immediately above the Basal Member in 

the area to the northeast of the format ion where units 27 to 32 are 

terminating. This is a result of slumping and at least two turbidites as 

shown in Fig. 36. The protruding, thick sandstone unit is the ripple unit. 

See Fig. 71 for an explanation of the disturbed bedding in th is area. 
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Figure 3..J.. Vie\\' of the junction between the Basal and the Cycl ic Members showing 

intraformational fo lding at grid re r. 657 193 in the lowest bed of the 

Cyclic Member. This photograph \\ as taken in the same vicinity (almost 

certainly in the same place) as the photograph in 1957 (Campbell et of. 

1993 p. 152). Erosion (v.:hich appears to be rapid- the surface is barely 

chemica lly \Veathered) has destroyed the dramatic con\'Olute bedding 

shom1 in that photograph. 

Figure 35. Detail o f the Cyclic Member above the South Landing showing a shallow. 

current channel fill (A) in the ripple unit and. to the left, the dislocated 

and overridden ripple layer (B) arrowed. 
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At the northeastern end of thi s unit on the orth Landing side, measured 

apparent dips were; 2° at 250° and I 0 at 200° (these angles proved too fine to process 

satisfactorily on a stereonet or by geometrical construction, but the true dip here is 

about 2.5° at 270°). At the southwestern end and at the Southern Landing the attitude 

is hori zontal. 

Characteri sticall y the units are all poor ly to moderately we ll sorted and 

consist of both quartzofeldspath ic and vo lcaniclast ic fractions. The largest gra ins are 

qua11z. hornblende. zeo li te and lithics. The sediments are all texturally and 

compositionally immature (Boggs. 2001. p143). in that the grains are all angular to 

subrounded and contain unstable grai ns such a lithics and feldspars. The matri x is 

clayey. Most of the units are continuous th rough the member but some show 

considerable disturbance with dislocated sandstone beds (F igs. 32-34) as 1s 

evidenced by fo undered blocks and slabs of sandstone, as well as chaotically 

di sturbed bedding in the units belovv 26c. (the ripple unit), i.e .. 28c. 30c. and 32c, at 

the northeastern end of the mem ber (Figs. 32 to 34 also 71 ). These unit s terminate 

within 75 m. and pass into the lowest siltstone sequence. To the so uthwest the two 

thicker sandstone units at the top of the member terminate wi thin 25 m of the 

southwestern end of the Cyc li c Member (Fig. 18) while the lowest bed of the 

seq uence here shows int ra formational fo ld ing at grid ref 657 193 ( Fig. 34 ). Only the 

lower beds at the southeastern end. South Landing. are disturbed. 

The sandstone units genera lly grade upwards and merge into the mudstones 

over millimetres to a few centimetres. Two of the lower sandstone units (28c and 

30c) show load casts on their bases. Many of the sandstone units of the Cyclic 

Member have scattered soft aggregates of amorphous calcium carbonate which 

appears to be diagenetic. 
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Figure 36. View from the extreme northeas tern end of the Formation. of the units 

below the ripple unit which here. is 850 mm thick and is just visible at the 

top of the photo (A). Load casts are present on the bases of units 28c and 

30 (B & C). These units te rminate rn. 75 metres to the so uthwest. The 

lower sandstone unit (C) is 700 mm thick. Units Band Care turbidites . 

Some sandstone units have ve ry fine , a lmost symmetrical, ripples of short 

wave length (<0.5 cm) and high amplitude (C 1.4 mm) on their bases. The ripples on 

26c (the ripple layer) are oriented at 310° at the South Landing and at 305° at the 

orth Landing The stoss side of the ripples faces 220° and thi s is the direction of 

their origin (a llowance having been made for their position on the underside of a 

unit) (Fig. 37). A wave length of < 0.5 cm with an amplitude of approximately 1.4 

mm gives a ripple index of approximately 3.6. Higher units were not accessible to 

check this, but fallen blocks (of different thickness) show that some other units have 
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exactly the same ripple fo rm (Fig. 3 7). As di scussed in section 2.8.0 an experiment 

was perfo rmed to attempt to simulate these ripples in a large trough in windy 

conditions. The result of thi s is shown in Fig. 38. I observed wind dri ven wavelets on 

the shallow water of a tidal fl at at Foxton. Unfo rtunately the substrate was too 

consolidated to fo rm rippl es but the ripples on the water surface matched those on 

the sandstones and Dr Wa llace·s result closely. 

Figure 37. View of' short wavelength. high amplitude. near symmetrical ripples found on 

the bases of some of the sandstone units in the Cyclic Member. 4 x fu ll si ze. 

Figure 38. Image, to the same scale as Fig. 37, of ripples experimenta ll y fo rmed in 

trough using a similar gra in size to Fig. 37 to simulate the very short 

wavelength ripples shown in fi g. 37, above. Photo; R.C. Wallace. 
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The thicker sandstone units show variability in thickness, tending to become 

thinner towards the southeast. Some sandstone units have small mudstone rip-up 

clasts in their bases . No other so le marks or ichnofoss il s have been fo und either in 

situ or on fa ll en blocks. 

The lowest siltstone unit has considerable growth of gypsum in joints as we ll 

as around foss il wood, where it typica ll y fo rms radiat ing needles 1.5-2 cm long. In 

unit 12c, gy psum crystal needles I cm long can be fo und packed on each side of a I 

mm thi ck dark brown layer and normal to it (F igs . 39 and 40) . 

Figure 39. Foss il wood in the lowest unit of the Cyclic Member. The ye llow colour 

to the right of the card is sulphur. The glassy sheen (arrowed) above the 

wood is gypsum. 
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Figure 40. Gypsum (arrowed) formed on the joint planes of the lowest unit of the 

Cyclic Member. 

3.5.8 Stereographic analysis of joints, sandstone units, Cyclic Member. 

Figure 41 shows the e llipsoid 

of st ress for unit 26c. (This pattern of 

jo inting is common in the sandstone 

units). The least principal stress. s3, is 

directed northeast-soutlrn:est at IO deg 

to the surface. The principal stress. s I , 

1s a lso hori zo ntal and directed 

northwest-so utheast. The intermediate 

stress, s2, is dipping IO deg. southeast 

(Phillips, 1972). 

!~• IU 

• 1 x pole of 12·1 pl.in• 
•x ::c 

A:.: is ot princ ipal 
lntemwdiate 
stress. 

., 
X 
• 

to deg. from • 

Figure 41 . Stereographic analys is of joints in the ripple unit (26c), Cyc li c Member. 

3.5.9 Grain size analysis, Cyclic Member. 

The following bar and cumulative frequency graphs are all bi- or polymodal 

with the result that statistics based on neither the graphi cal method of Folk and Ward 

(1975) nor the method of moments of Krumbein and Pettijohn (1938) give 

complete ly reliable results. However for each of the cumulative graphs below the 

method of graphical statistics of Folk and Ward (1975) have been calculated because, 
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even though the resulting value is somewhat skewed by sli ght bi or po lymodality, the 

trend is clear. 
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Figure 42. Bar and c umulati ve fre quency graphs showing di stribution of gra in sizes 

fo r uni t 13c, Cyc li c Member. 

top Base 

Graphic mean 2.6 2.8 

Inclusive graphi c CT (<p) 1.5 1.8 poo rly sorted 

Inclusive graphi c skewness -0.5 1 - 1.3 Negative ly skewed 

Tab le 6. Graph ica l statist ics for Fig. 42 . 
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Figure 43 . Bar and cumula ti ve frequency graphs showing di stribution of grain s izes 

fo r unit 20c, Cyc li c Member. 

top Base 

Graphic mean 2. 8 2.0 

Inclusive graphi c CT (<p) 1.7 1.5 Poorly sorted 

Inclusive graphic skewness 0.07 0 .1 Positive ly skewed 

Table 7. Graphica l sta ti sti cs fo r Fig. 43. 
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Figure 44. Bar and cumul ative frequency graphs showing distribution of grain sizes 

fo r the top and base, north and south ends, of unit 26c. Cyc li c Member. 

Top Base Top Base 

orth North south so uth 

end end end end 

Graphic mean 2.6 2.0 2.55 / .9 

Inclusive graphic a (<p) 1.9 2.8 2. 1 2.4 Very poorly so rted 

Inclusive graphic skewness 0.036 -0.35 0.4 -0 .06 Top-positive 

Base- negative 

Table 8. Graphical statistics fo r Fig. 44. 



E 
:::, 

Turbidite. Unit 28c . Top of north and 
south ends. 

<32 

32-63 

63-125 

E 

81 

Turbidite . Unit 28c. Base of north and 
south ends . 

<32 

32-63 

63-125 • bases end 

o base n end 
125-250 

• tops end 

c topnend 
:::, 

250-500 

500- 1000 

0', 10% 20°1
0 30°10 

% 

Unit 28c top , north and south ends . 

100°, 

90°, 

80°, 
70°, 

60°, 

?/2. 50°0 

40°0 

30°, 

20°, 

10°0 

0', 

um 

-+-lop nand s 
ends 

- topnand s 
ends 

125-250 

250-500 

500-1000 

0% 10% 20°10 30°10 

% 

Unit 28c t op , no rth and s o uth ends . 

100°, 

goo, 

80°, 

70°, 

60°0 

~ 50°0 

40°, 

30°, 

20°, 

10°0 

um 

--+- lop nand s 
ends 

- top nand s 
ends 

Figure 45. Bar and cumulative frequency graphs showing distribution of gra in sizes 

fo r the top and base, north and south ends. of unit 28c, Cyc li c Member. 

Top Bae Top Base 

orth orth south south 

end end end end 

Graphic mean 3. 1 3. 8 
..., ..., 

3.7 J.J 

Inclus ive graphic 0 (<p) 1.8 1.9 1.85 1.84 Poorly orted 

Inclusive graphic kewness 0.007 -0.2 0.23 -0. 12 Top- pos iti ve 

Base- negati ve 

Table 9. Graphical stati stics for Fig. 45 . 
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3.5.10 XRD results; Cyc lic Member. 

CYCLIC MEMBER 
Sand fraction Amorphous or Natro-

Quartz Feldspar Chlorite CaCO3 Gypsum Vole. glass alunite %Heavy 
11c 12 25 9 1 0 20 1 33 
12c 9 5 0 0 50 4 0 32 
13c 12 25 8 21 0 18 1 37 
14c 30 20 3 1 0 41 0 5 
15c 16 13 2 4 0 58 0 7 
16c 25 30 9 1 0 19 1 17 
17c 30 18 2 1 0 44 1 6 
18c 12 22 8 2 0 28 2 34 
19c 35 22 3 2 0 32 1 8 
20c 25 16 4 2 0 32 2 23 
21c 8 15 6 20 0 29 2 22 
22c 30 16 0 1 0 49 1 5 
23c 10 15 4 8 0 34 2 29 
24c 25 17 3 2 0 47 1 6 
25c 30 15 5 4 0 24 1 22 
26c 0 4 0 2 90 3 0 3 
27c 22 16 0 5 0 0 1 7 
28c 3 0 0 1 95 1 0 1 

Silt fraction. 
Mica Zeolite Smectite 

11 C 6 25 12 1 2 54 0 
12c 17 17 12 1 2 46 10 
13c 4 30 3 0 0 63 0 
14c 20 15 0 3 5 52 5 
15c 20 20 15 4 2 14 25 
16c 8 20 20 2 0 47 3 
17c 20 16 7 3 4 40 10 
18c 5 18 3 1 0 73 0 
19c 20 15 5 3 4 53 0 
20c 8 20 4 1 0 67 0 
21c 6 27 2 1 1 64 0 
22c 16 12 6 3 3 50 10 
23c 5 18 0 0 0 77 0 
24c 17 13 5 3 2 50 10 
25c 10 15 0 0 0 75 0 
26c 20 15 6 2 3 54 0 
27c 18 12 8 4 2 52 12 
28c 18 11 5 3 3 55 5 

Clay fraction. 
Mica Kandite Smectite 

11 C 3 14 3 4 66 10 
12c 10 14 2 8 51 15 
13c 3 15 4 0 73 15 
14c 3 7 3 5 57 25 
15c 5 17 4 5 29 40 
16c 3 14 4 8 65 0 
17c 5 8 4 10 33 40 
18c 4 15 4 0 77 0 
19c 6 8 4 8 44 30 
20c 3 10 3 3 76 5 
21c 2 15 3 2 73 5 
22c 4 4 2 6 14 30 
23c 3 13 3 0 78 3 
24c 5 7 4 4 0 80 
25c 3 10 2 0 80 5 
26c 12 5 1 8 64 10 
27c 7 8 5 5 15 60 
28c 10 5 1 11 25 

Table I 0. XRD results fo r sand, silt and clay fractions, Cyclic Member. 
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Tables 10 and 11 show that the sequence is partly quartzofeldspathic and 

partly basalt-deri ved, as the heavy mineral fraction indicates. These results have been 

estimated from the graphica l XRD readouts di scussed in C hapter 2 . They are less 

accurate for the lower percentages. Microscopic examination of thin sections show 

that the above values (Table 10) for CaCO3 are underestimated as is mica in the silt 

fraction. Heavy minera ls a lso occur abundantl y in the silt fraction (as is ev idenced by 

thin section analysis) but appear to be masked in the XRD readout mainl y by the 

quartz and fe ldspar signals. Thus the percentages are ca lcul a ted onl y on the mineral s 

shown in the table (they were ex tracted a nd processed separate ly in the sand 

frac ti on). Volcani c glass and/o r amorphous mineral s are a major component of a ll 

frac ti ons. Their percentage was determined as the compleme nt of the sum of a ll other 

minera ls. T hat thi s frac ti on is mainl y vo lca ni c g lass (o r a ltered vo lca ni c g lass) is 

supported by thin secti on ana lysis. Smec tite and kandite (hall oysite and kao lin) a re 

the ma in clay minera ls. ln the sand frac ti o n the res ults fo r units 12c. 26c and 28c 

appea r anoma lo us as regards quartz. fe ldspar and gy psum . Thi s is because these 

samples we re ex trac ted fro m gypsum-ri ch locat ions associa ted with foss il wood. 

Cycl ic Member 
Heavv mineral fraction 

Sample H'bl ende Aug ite Ilmenite Magnetite 
11 c 34 53 7 6 
12c 73 15 8 4 
13c 47 42 6 5 
14c 65 26 9 0 
15c 87 3 10 0 
16c 85 3 10 2 
17c 83 4 10 2 
18c 50 42 6 2 
19c 80 7 10 3 
20c 64 28 8 0 
21c 32 60 5 3 
22c 78 10 8 4 
23c 40 52 6 2 
24c 62 28 8 2 
25c 40 53 7 0 
26c 53 40 5 2 
27c 63 28 9 0 
28c 72 20 6 2 

Table 11 . XRD results, heavy minerals: Cyclic Membe r. 

XRD analysis of heavy minerals separated from whole samples shows tha t 

ho rnblende is overwhelmingly dominant with significant augite and lesser amounts 

of ilmenite and magnetite. This is very similar to the Basal Member. 
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3.5. 11 Microprobing of hornblendes in the Cyc lic Member and 

Rangiauria Breccia. 

It was suspected that there might be two populations of hornblendes in the 

Mangere and Parakeet Formations based on the likelihood that hornblendes came 

from both the Rangiauria Breccia and Red Bluff Tuff of Pi tt Island. Seven samples of 

seven horn blendes from each of the Rangiauria Breccia, unit 30c of the Cyclic 

Member. Mangere Formation. and the Skua Member. Parakeet Formation ( from Sk I 

and 2), were microprobcd as an aid to determining their provenance (Appendix 3). 

The data ( Fig. 46) shO\\ the comparison of Mg and Fe 1•s. alkalis for hornblendes. 
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Figure 46. Graph of Mg/Mg+Fe ratio against a+K fo r hornblendes showing the 

similarity between hornblendes in the Cyclic Member and Rangiauria 

Breccia.(See p 98 fo r a discussion of hornblendes of the Rangiauria 

Breccia vs those of the Parakeet Formation. 
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3.4.12 Fossils. 

As stated 111 Chapter 2, no siliceous or calcareous microfossil s (i.e. 

foraminifera, coccoliths, diatoms or radiolarian) were found despite six separate 

samples being examined. Bryozoa, ostracods. an echinoderm spine, a mollusc (very 

thin , fragil e, brittle shell s of Cirsotrenw?) and polychaete tube fragments were found 

mainly in unit 13c, with similar but rarer examples in units 12c. 15c, 21 c and 27c. 

The ostracods were kindly identified by Bruce Hayward (Geomarine Research, pers. 

com.) as Xestoleberis sp and Leptocythere cf. lornstris He also identified a mollusc 

as Arthritica ?bij11rcata. 

3.4.13 Palynology : Cyclic Member. 

The pollen shown in the accompanying pollen diagram (F ig. 4 7) were 

extracted from the mudstone units of the Cyc lic Member. In addition to the Pli ocene 

pollen li sted in thi s diagram. a considerable number of Cretaceous and Ju rassic 

pollens vvere found . No count was made of these as they are all interpreted to have 

been recycled from the Tupuangi Formation (Mi ldenhall 1994. p. 2 1: Campbell et of 

1993. p. 149). A list of the Cretaceous and Ju rassic pollens identified us111g 

Mildenhall ( 1994) follows: 

plentiful whole and fragmented dinotlagellates with some ac ritarchs. 

Classopollis 

Pe risporopol le11ites 

M icrococridites 

Cacadopites (s i111 ) 

Lycopodiw11.sp orites 

Foraminisporus 

Triporoletes (s im) 

P himopol I eni tes 

T ricoto,nosulcites 

Schizosporus ( sim) 

Peripollenites (sim) 

Macrofoveolatosporus 

Dactyopolis 

Asteropollis 



Araucariacites (comp) 

Cicatricasporites 

Podocarpidites 

Pudidites?? 

Gleicenidites 

Histiopterix? 
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The di agram shows that. throughout the period of deposition of the Cyclic 

member no large trees grew in its vicinity. However small trees and shrubs, notably 

Myrsine, Coprosnw, and asteraceae. were common th roughout thi s peri od, especiall y 

in the upper half of the sequence. The greatest vari ability of species was large ly in 

the lower part of the sequence from 17c- 27c where herbs and ferns predominated. 

Grasses were we ll represented everywhere except perhaps fo r 25c when ferns were 

dominant. 

Fuscosporo po ll en (li sted under ··exoti cs .. in the poll en diagrams referring to 

their origin fro m mainland Nev, Zea land ) \-Vas not fo und in the lower part of the 

sequence but increased in numbers from 17c to 1 1 c where a majo r influx of 

Fuscosporo poll en occurred. Podocarp poll en is more evident in the middle portion 

of the sequence. 

Charcoal is characteri sti c of the units 21 c to 12c with an additional iso lated 

appearance close to the base of the sequence (sample 27c). Except fo r units 21 c and 

15c the charcoal is mainl y less than 50µm long. 
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3.6.0 Parakeet Formatio n. 

3.6.1 Carbonaceous Member. 
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The Carbonaceous Member is seen on the cliff face (Fig. 18) as a black 

narrow band. between the Cyclic and Skua Members. It is only accessible in situ at 

the southern end of the formation on the cliff edge where it intersects the surface and 

is acti vely weathering and eroding. An intact fa llen block at grid rer. 657 194 gives 

the thickness of this member as 565mm (Fig. 48). (An in situ. type section was not 

possible in this case because o f diffi culty of access). Thi s fa llen block consists of the 

six beds shown on the stratigraphic column o l' Fig. 22. The Carbonaceous Member 

pinches out approx imately 200 m from the southeastern end of the member. The 

Carbonaceous Member marks a distinct break from the environmental conditions that 

pre\'ailed when the Cyclic Member \\'as deposited. Samples or rock ..,,·ere collected in 

situ from the southern end or the outcrop. and from the fallen block. for petrographic 

and pollen analysis. These samples were subject to loss on ignition to determine the 

percentage of carbon. The results are sh0\\'11 in Table 12 . 

Figure 48. The hammer is lying on the base of the fa llen block of the Carbonaceous 

Member which comprises six separate beds. 



3.6.2 Loss on ignition: Carbonaceous Member. 

Sample 1 

Sample 2 

Sample 3 

Sample 4 

Sample 5 

Sample 6 

Sample 7 

Sample 8 

14.0% 

12.5% 

20.0% 

9.4% 

11.7% 

22. 7% 

18.1% 

16.3% 

Average organic matter content= 14.4%. 
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Table 12. Loss on ignition interpreted as organic matter content of the Carbonaceous 

Member samples- samples I and 2 are in situ and 3- 8 are from the fallen block. 

3.6v.3 Palynology, Carbonaceous Member. 

The pollen diagram for the Carbonaceo us Member (F ig. 49) is in two parts: 

samples Lks I and 2 and samples Lk I to 6. Lks I a nd 2 \Vere sampled in situ from a 

partially eroded sequence of the Carbonaceous Member outcropping on the sky line 

ridge of Mangere Formation a t its southern end. Samples Lk I- Lk 6 are from a fa ll en 

block of the Carbonaceous Member found lyi ng on the Basal Member (F ig . 48). Bo th 

sets of samples show the same thing - a prepo nderance of pteridophytes w ith 

Crnt/Jea and monolete ferns dominant except for unit Lk 6. at the base of the 

member. where grasses become more abundant. A mong small trees and shrubs a 

wider array of species is represented than in either the Cyclic or Skua Members. A 

wide range of aquatics and exotics is present throughout the sequence . Although 

charcoal is significant in the upper part of the sequence, no particles greater than 

50µm long were found . As with the preceding members a similar range of 

Cretaceous and pre-Cretaceous palynomorphs (recycled from the Tupuangi 

Formation (Mildenhall 1994)), in varying states of preservation, were found together 

with abundant organic debri s., The calcareous algae, Botryococcus, was found in 

abundance in this unit and probably accounts for its organic content. 



BLOCK DEPOSIT and IN SITU SEDIMENTS CARBONACEOUS MEMBER 
Mangere Forma11on Chatnam Island Group 
Relative Pollen Diagram 
Analyst G Davies 

~ ~0 1/ _ 1/ /4~ .. / SmallTrees&Stlr~t>s 7 Herbs r Ptendophyt2s //:Z"""// "'";";<'_p' 
00 J> r1l ~+ ~c; 0'1>0 §' 0 1$' ~0 'I> ,s, ., ,_n,,<::. ~~.,.. ~., 

it ~ ~ ~ 0'1>0 J> ~ ·'1> rf + 0 ~'I> ,::>'I> b' ,._0 c,if ,f;'"' ~ ~' ,tp~ ~ ~ ~'o..._~ ,:F 
~c; p<o #, c,~ ~ c)i' -,<!' .::,lf> ~~ il'o ,,f' c,if .:s-,S -,o -¥~ 0~ ~'"' . ., 0 /}'. 0~ ,~<:< ~ c,0<o i@c, # f,o p> a,~ ~ ~b 

,t0 cP" q;'I> ~ 'I> ~#~,t~ef>~--;.,<> <!'0 o~ cJ' 0ii' <!"'I> cf1'1> <:J-'~ 0'0 ,/'.t' «--0\~~<l:i~-,,"'~e,. ,._.,,~,,,_!? ~<!"~ 0~'1> 0~'1> cl' ~ q'"' 
Unot lk1 

Unitl1<2 - ... 

Unltlk3 

Unrt lk4 I 

., ., 
E Unot Lk5 
"' z ., 
ci. Unitlk6 E ., 
"' en 

un,I u,s1 • 

Unot Lks2 -20 20· 20' ' ' 20 20 40 20 J O 20 20' ' ' ' ' ' ' ' ' ' ' ' 20 40 60 80 100 

·,ll _., .,;:. 
$" ~<J ~~ 
~ ~o cl~ 

Figure 49. Relative pollen diagram from a fallen block deposit (LK), and in situ sediments (LKS), of the Carbonaceous member. 
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3.6.4 Fossils. 

o fossils other than palynomorphs were fo und in this sequence. 

3.6.5 Skua Member. 
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The Skua Member. because o f its steepness. is accessible only from some 

places along its top edge and it was from here 1ha1 samples were collected. Apart 

from this. use was made of telephotography (rig. 50 and 5 1) 10 see the structures in 

the member. 

This member is underlain by the Carbonaceous Member except al the 

northern end of the format ion where it rests directly on the Cyclic Member. The 

basal unit of the Skua Member is a distinctive. highly oxidised. glassy. clay-rich. 

yellO'v\·-red sandy sil tstone ( Sk 1/2 ). \\' ith conspicuous. probabl) water-formed. 

tunnels (Figs. 50 and 5 1 ). Bedding in thi s un it \'aries from massi\'e horizontal. to 

laminar. to cross-bedding (F ig. 50). Abo,·e the yello,,·-red silty sandstone is a glassy 

brown siltstone (SU) fo llov.-cd by a g lassy , ·ery pale yello,,-wh itc si ltstone (Sk-4) 

containing lenses of ,·cry fine silt. The member is capped b: a la: er of almost pure 

volcanic glass (Sk5) which is co\'ered eparately in Section 3.5.8. 

Figure 50. Detail of the Skua Member showing massive, laminated, cross-bedded, 

and tunnelled units within the ye llow-red siltstone. At the extreme upper 

left of the photo is the white tuffaceous unit, Sk3. Telephoto x 10. 



92 
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... 
.) 4 

Figure 5 1. Panoramic view of the Skua Member. 

On the left of image I the Carbonaceous Member (arrowed) between the 

Cyclic and Skua Members is clearly seen. On the right the arrow shows no 

intervening Carbonaceous Member. Water tunnelling in the red unit, here is incipient 

and poorly developed, presumably because the sediments are more compacted than 

further on the right. The Carbonaceous Member is clearly seen at the base of the red

yellow sandstone in images 2 and 3. In the field from binocular observations the 
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strata look to be di slocated and col lapsed in the centre-right part of image 2. There 

could be an unconformity here (arrows) representing wind erosion and advancing 

dunes. Above the yellow-red siltstone (Sk 1/2) in image 2 are the light brown and 

pale ye llow-white glassy, sandy siltstone units .. Sk3 and 4 (r ig. 2 I ). (Photo; Mark 

Bellingham Telephoto x I 0). Photo #4 was taken by K. Ho lt just north of Red Bluff. 

Chatham Island (grid ref 465615). Note the similar lithology to Photos I to 3. 

3.6.6 Fossils. 

o micro- or macrolossils apart from palynomorphs were found 1n thi s 

sequence. 

3.6.7 Grain size analysis, Skua Member. 

Grain size analysis or unit Sk3 and 4 of the Skua Member produced the 

fol lo,,·ing results: 

Grain size distribution. Samples Sk3 and 4 

63-32 

125-63 
E 
" 250-125 
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,5ooum LJ 
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Cumulative frequency. grain size distribution samples 
HXJ', Sk3 and 4. 
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Figure 52. Grain size comparison or Skua Member un its Sk3 () el low brown silty 

sandstone) and Sk4 (pale ye llow sandstone). 

Sk3 Sk4 

Graphic mean 2. 1 2.3 

Inclusive graphic cr (cp) 2.1 2.3 Poorly so11ed 

Inclusive graphic skewness 0. 34 0.6 Positively skewed 

Table 13. Graphical statistics for Fig. 52. 



Grain comparison of aeolian Red Bluff Tuff, 
Chatham Island and unit Sk1 , Mangere Island. 
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Figure 53. Graph comparing the grai n distri bution of the aeo li an Red Bluff Tuff at 

grid ref.4 78534. Owenga Road. Chatham Island (sample from K. Holt. 

Pers. Comm .) and Sk I. ye llow-red siltstone. Mangcre Formati on. 

showing that these sediments have essentiall y the same gra in size 

di stribution. 

3.6.8 Tephra; Parakeet Formation. 

The Parakeet Formation is capped by an almost pure glass tephra (Sk5) (F ig. 

2 1) with glass shards at the base up to co. 0.5 mm average di ameter (F ig. 54). The 

chemica l data for the teph ra are given in Appendix 2. A ternary diagram (F ig. 55) 

compares thi s tephra wi th tephras from the cen tra l orth Island volcanic zone. 

mai nland ew Zealand. The data for these tephras were taken fro m Shane et al. 

( 1996). Froggatt, ( 1983), and Shane and Froggatt, ( 1994 ). The plot fo r the tephra 

data clearl y fa ll s into three di stinct groups or populations. Unfo rtunately it is difficult 

to know whether thi s is real or an artefact as the glass is somewhat altered and was 

difficu lt to microprobe. The silica content of the tephra is 77%. 

The evidence fro m the ternary diagram and the quartz content, shows that the 

glass is rhyolitic and is likely to have come from the central orth Island volcanic 

zone of mainland ew Zealand. 

There was no sign of the sodium chl oride reported in thi s unit by Campbell et 

al. (1993 , p 149 and 150). 



95 

Figure 54. Microphotograph of glass shards from the coarser sandstone tuff a t the 

base or unit Sk5. T he shards range fro m <32pm to > 0.45mm. 
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Figure 55. Ternary diagram showing Skua Mem ber lephra (unit Sk5) for comparison 

with tephras o f the Taupo Volcanic Zone, North Is land, ew Zealand. 

The glass compositions we re averaged from Shane et al. ( 1996) and 

Froggatt ( 1983) to avoid overcrowdi ng of data on the figure. 
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3.6.9 Palynology, Skua Member. 

The sequence shown in (Fig. 56) starts immediately above the Carbonaceous 

Member vvith a sample from the base of the yellov,-red sandstone and another from 

its top (samples Sk I and 2). The upper sample comes from the middle of the light 

yellowish brown siltstone unit (Sk3) above the yellow-red unit (Skl and 2). Samples 

from above this \\ere processed hut no pollen vvas found in them. 

The pollen diagram shows that the base of the Skua Member is essentially the 

same as the top of the Carbonaceous Member. with grass becoming the main 

vegetation at the top of the sequence. Among small trees and shrubs. asteraceae. 

Coprosmo. and Mrrsine are represented to the virtual exclusion of other species. but 

Co1Jmsma and M_rrsine disappear in sample Sk3 where herbs and ferns become 

dominant. Grasses become dominant hy the end or this sequence. The aquatic 

restionaceae. appears at the base of this sequence. There is a relatively strong 

Fuscosporo signal in mid-sequence and a strong charcoal signal at the base and 

middle the sequence v\ith a significant amount of charcoal greater than 50prn in 

length. 
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3.6. l O Microprobing of hornblendes: Rangiauria Breccia and Skua 

member. 
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In association with the Cyclic Member (Fig. 46) (reproduced below as Fig. 

57). hornblende samples from the Skua Member (Sk I/Sk2) were microprobed (Fig. 

57) to determine whether they came from the Rangiauria Breccia. A comparison 

shows that this was not the case. Figure 46 sho,,·s a close correspondence between 

the hornblendes or the Rangiauria Breccia and Cyclic Member vvhereas Figure 57 

shows a di stinct lack or correspondence. 
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Figure 57. Graph of Fe and Mg against a+K for hornblende samples from Sk l /2, 

the Parakeet Formation. ee Appendix 3 fo r the raw data. 
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3. 6.11 XRD analysis, Skua Member. 

Unit Sk 5 is entirely silt/clay and is composed largely of volcanic glass (table 

14). Volcanic glass is the dominant mineral followed by quartz and feldspar except 

for the clay fraction where kandite is abundant. , Allophane is prominent in the clay 

fraction . Traces of gibbsite occur in all fractions (Table 14). 

Skua Member 
Sand fraction . 

Hvy. Min Vol.glass Quartz Feldspar Kandite Gibbsite Zeolite 
Sk1 3 53 10 6 26 2 0 
Sk2 4 40 29 20 12 0 0 
Sk3 0 61 21 18 0 0 0 
Sk4 0 53 20 21 3 2 
Sk5 0 >90 trace trace 4 0 

Silt Fraction . 
Smectite 

Sk1 3 58 19 9 9 2 0 
Sk2 9 39 15 19 12 3 3 
Sk3 4 35 20 20 21 0 0 
Sk4 0 44 22 24 8 0 2 
Sk5 0 >90 trace trace 0 0 0 

Clay fraction . 
Allophane 

Sk1 5 42 13 3 23 2 12 
Sk2 10 42 12 7 21 2 6 
Sk3 8 44 4 18 19 4 3 
Sk4 5 45 18 13 16 0 3 
Sk5 0 >90 trace trace 3 0 2 

Table 14. Results of XRD analys is of samples from the Skua Member. 

Heavy mineral fraction . 
%hvy min . Hornblende Augite Ilmenite Limonite Magnetite 

Sk1 3.6 76 18 2 4 0 
Sk2 9 79 11 6 4 

Sk3 4.2 81 15 2 2 
Sk4 6 74 20 3 1 2 
Sk5 <3 trace trace 0 0 0 

Table 15. Results of XRD analysis of samples of the sands from the heavy mineral 

fraction, Skua Member. 

Sample Sk 1 is at the base of the member. As with the rest of the formation, 

hornblende dominates the heavy mineral fraction of the sands (Table 15), with 
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significant aug ite and lesse r amounts of ilmenite and magnetite. Iron oxyhydroxides 

deri ved from the magnetite give the base unit of thi s member its strong ye llow/red 

co lour. 

3.6.12 Microscopic and XRD comparison of a sample of aeolian Red 

Bluff Tuff from Owenga Rd ., Chatham Island and sample Skl , 

Skua Member, Parakeet Formation. 

The minera log ical and litho logica l simila rity of these uni ts 1s shown in 

Figures. 58 to 60.The Owe nga Road sample is of w ind-blown Red Bluff Tuff (K. 

Ho lt, pers. Comm . 2005). 

Figure 58 . The pho tomic rograph on the left is of the yellow-red Skua Member, Sk l , 

Parakeet Formati on. That on the ri ght is fro m an outcrop of w ind-blown 

materi a l from Red Bluff T uff a t grid ref. 4 785 34 on the Owenga Road. 

ote the rounding of the gra ins, their similar size, the coating of iron 

ox ide on most of the clasts, as we ll as the similar alte red g lassy matri x. 

The di ffe rent co lours of the slides are a result of the ir hav ing slightly 

di ffe rent thicknesses . 



101 

1-igure 59. XRll trace. ycll,n,-red siltstone (samples Sk I & 21 Skua \lcmber. 

\langcrc Formation. rhc large area to the lei\ under the graph is 

amorphous material. largely altered glass. 

l 

Figure 60. XRD trace of "ind hlo\\n material from Red Bluff luff at grid ref. 

478534. Owenga Road. Chatham Island (sample supplied by K.llolt). 

hgures 58. 59. and 60 show that the wind-bltn,n material at (h,cnga Road 

and the Skua Member yellow-red siltstone sediments ( Sk 112) ha,c essentially the 

same mineralogy and gi,c essentially the same XRD trace (except that Fig. 60 has 

additional spikes at 7.0772 and 8.3270 Ai. A c,imparison of the first three 

photographs of Figure 51 with the fourth emphasises this similarity. 



4.0.0 Tupuangi Formation. 

Chapter 4. 

Discuss ion. 
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A newly located sedimentary outcrop at the southwestern end (G.P.S., S 0 44 

16. 102' W 176° 17 376 ' , grid ref. 667200) of Black Robin Bush, consisting of 

siltstone and silty sandstone has been recently exposed by shall ow landsliding in the 

area. Thi s outcrop is litholog icall y indistingui shable in the fi eld from units of the 

Upper Cretaceous (U rutawan to Teratan) Tupuangi Formation on Pitt Island. 

Tu puangi Formation is the onl y quartzofeldspathic sedimentary fo rmati on in the Pitt/ 

Mangere Island area. Both the Tupuangi Formati on on Pitt Island and at the new 

locality on Mangere Island have similar granulometry containing abundant epidote, 

zircon, and stressed quartz, as we ll as simil ar amounts of heavy minera ls (Tables I 

and 2). All thi s is indicati ve of a co mmon ori gin fro m Chatham Schi st. Also these 

sediments contain onl y Cretaceous and ea rli er po ll en (secti on 3.2.5) which suggests 

direct corre lation to the Tu puangi Formati on of Pi tt Island (Ca mpbe ll , et al ., 1993 p 

43). Further both unit s have plenti ful wood and carbonized plant fragments. 

The sed imentary outcrop on Mange re Island at grid ref. 667200 is therefo re 

interpreted as a remnant of the Tupuangi Formation which once stretched from Pitt 

Island . Campbe ll et al. ( 1993, p 43, Milde nhall and Wilson 1976 p. 122 and 126,) 

suggested that the loca l Tupu angi sediments were depos ited in a de lta under non

marine and estuarine conditions. Evidence fo r thi s is the paleos lope direction, 

channe l directi ons, cross-bedding, conglomerate beds, fl aser and linsen structures, 

burrowed hori zons, coaly, carbonaceous and lignite hori zons (Campbell , et al 1993 p 

42). This delta may have ex tended beyond Mangere Island. It is also reasonable to 

suppose that the younger strata of Red Bluff Tuff, Kahuitara Tuff, Southern 

Volcanics and the Onoua and Matanganui Limestones of Pitt Island also ex tended 

out toward , or covered Mangere Island and that, in addition to the local Rangiauri a 

Breccia, they may have contributed to the sediments of the Mangere Formati on. 
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Figure 61. Cross-section of Pitt and Mangere Islands from the mouth of Second 

Water Creek in the cast to Mangere Island in the west (Vertical 

exaggeration = 2). The blue line is the present bed of Second Water 

Creek and the dotted line its probable extension. This section shows the 

high sea cl iff of western Pill Island demonstrating that Tupuang i 

Formation. forming this western cl iff, as we ll the overlying strata, 

extended well beyond the present coast or Pitt Island. 

4.0.1 Relationship between Pitt and Mangere Islands. 

Extensive Late Miocene (late Tongaporu tuan to early Kapitean) volcanism 

(Campbell et al. 1993) appears to ha\'e resulted in thermal doming or the study area. 

as the oppo:-. ing dips or Tupuangi Formation on Pitt and Mangere Islands show. 

Faulting. and to some extent volcani:-.m. wou ld have provided planes of weakne:-.s in 

the Tupuangi sediments and thei r overl ying strata, thus accelerating coastal erosion 

or these poorly consolidated sediments hy the frequent heavy seas arising from 

prevailing storms from the sou thwest to northwest. Extensive erosion is indicated by 

steep. high sea cliffs on the western and southern sides or Mangere. Pill . South East. 

and Chatham Islands: not to mention the very ex tensive wave cut platform on the 

western side of Mangere Island (which is also, partly explained. by having been cut 

into the poorly consolidated sediments of the lower peninsula). That there has been 

sufficient erosion to eliminate all of the Tupuangi Formation in this area except the 

single exposure on Mangere and the locations on Pill Island, is supported by Knox et 

a/'s. ( 1957) bathymetric map (Fig. 6 1) of the sea floor between Mangere and Pitt 

Islands. This shows deep, broad scouring of the sea floor, uncharacteristic of 

anywhere e lse around these islands. An alternative to the above is that there was 

always a sea channel partly or whol ly open between Pitt and Mangere Tsland. This 

option is not favoured as the Mangere Formation is full of quartzofeldspathic 

sediment and reworked pollen derived from the Pitt Island area. lf there was a sea 
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channel between Pitt and Mangere Is lands the Mangere Formation would have been 

much richer in local Mangere Is land sedime nts. 
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Figure 62 . Bathymetric map of the sea floor around Pitt and Mangere Is lands from 

Knox et ol. ( 1957). Note the intense scouring of the sea fl oor between 

Pitt and Mangere Is lands. This is a res ult of common so uth westerl y to 

no rth wester ly sto rms attack ing the poorly conso lidated Tupuangi 

sediments which had been weakened by faulting and volcani sm. The 

joined I 0 , 20 and 30 met re conto urs a long the southeast coast of M angere 

Is land indicate an undersea scarp at least 20 m high whic h may represent 

a scoured vo lcanic flank a lo ng the southe rn coast of th e is land o r, mo re 

like ly, in view of the fa ult pat te rn of northe rn Pitt ls land(Fig. 65), a fault 

scarp in Pitt Strait between Mangere and Pitt Islands. A feature of thi s 

map is the 4 km lo ng feature interpreted here as a debri s avalanche of 

Rangiauria sediments fro m Waihere Head (arrowed) which post-dates the 

scouring and probably occurred as a result of the sed iments being 

undercut by marine erosion. Another interpretation might be th at it is a 

linear vo lcanic feature. Cas tle Rock and Round Is land are inco rrectl y 

labelled by Knox , et al. They should be The Cas tl e and Round Roc k 

respectivel y. 

Dr Ciel. W allace (pers com.) pointed out that both Pitt and South East Is lands 

slope eastward to sea level with the drainage tota lly in that direction (Figure 63). 
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This suggests the possibility that these surfaces lead up to the rim of a vo lcano (a 

remnant of which presumably would be Sugar Loaf and the northern part of Mangere 

Island itself) . 

This map also shows an example of a probable volcanic debris-avalanche or 

linear volcanic deposit extending 4km southwest across the sea fl oor from Waihere 

Head. This may represent an example of lower peninsula facies, of the Rangiauria 

Brcccia and the re lative ease with which it is eroded. 

,... c ... ·--

PITT ISLAND 

----.... ,_ 

Figure 63. Topographic map or Pitt Island showing that the drainage pattern rises 

exclusively near the western coastal c liffs and slopes to the east. Clearly 

the streams have been beheaded by coastal erosion. 

This idea can be ex tended to take in The Castle and Sail Rock to the west or 

Mangere Island as well as Round Rock, implying the possibility of a caldera (or 

calderas). ote the broad flat reentrant between The Castle and Round Rock (Fig. 

62) within which an extensive Mangere Formation could have been deposited, later 

to be eroded so that now only the remnant on Mangere Island remains. However the 

idea of a caldera is unlikely as there is no evidence of ring faults in the area. On the 

other hand this may be seen as an extensive volcanic field with multiple cones (some 

of which may now be eroded below sea level) with low lying areas between them 
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into which sediments were deposited. This raises the possibility that there may have 

been several "Mangere Formations" with only a remnant of one remaining. 

' . • 
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Figure 6-l-. Mode l of Pitt/Mangere Island after Rangiauria volcanism. With the onset 

of volcanism the area was below sea leve l. At some time, presumably 

during Rangiauria volcanism in the Kapitean or early Opoition, the local 

area emerged as a result of sea level fal l in the late Mangapanian 

(Haq.1 987) and possibly also thermal doming as is evidenced by the 

opposing dips o f T upuangi Formation on Mangere and Pitt Island<,. The 

doming was accompanied by crustal ex tension and fault ing (Fig. 65). The 

clashed stream flowing towards the west is an inferred Mangere Stream 

introduced in Figure 67. 

4.0.2 Local regional fa ulting. 

Faulting is evident both on northern Pitt Island (Figure 65). which <,hows we ll 

developed horst and grabe n structures. and on Mangcre Island where high angle 

e lastic dikes arc common in the south-wc!-.tern cliffs of the lower peninsula. On 

Mangere Island there i.., a normal fault (he re named the Tupuangi Fault ) which cuts 

Tupuangi Format ion and is associated with the string of vents shown in Figure 66. 

Watter<, ( 1978) shows a fault converging on the we ... tern end of thi <., fa ult and another 

fault between Mangcre and Little Mangere Islands. As mentioned above there is a lso 

probably a fault in the strait parallel to the eastern side of Mangere Island. The trend 

of the Mangere lsland fa ults (except for the faul t between Mangerc and Little 

Mangere Islands) is generally similar to those of north west Pitt Island and is 

indicative of the regional tensional stress pattern (principal stress directed northwest

southeast, Fig. 4 1) resulting from thermal doming, that has given rise to the horst and 

graben structures of the area (Figure 65). A possible scenario, therefore, is that the 

lower peninsula is a graben structure which might partly account for its lower 

altitude than north Mangere and Little Mangere Islands. Within this graben there is 

the possibility of a nested graben in which the Mangere Formation accumulated. 

.... _,, 
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Such a nested graben would be controlled by faults through The eek and the saddle 

be low which the Department o f Conservation hut stands (Fig. 5). 

That faulting over Mangere-northwest Pitt Island was contemporaneous with 

Rangiauria volcanism is c lear from Maps 3 and 4 of Campbel l et al. ( 1993) (Figure 

65), which show faults truncating al l units below the Whenuataru Tuff. However the 

evidence for such fau lting on M angere Island (except the linear ventffupuangi Faul t) 

is not strong and more investigation of the lower peninsula as a possible graben 

structure is needed. I t is poss ible that a graben here cou ld be the result of magma 

chamber emptying. in which case its bounding faults (Fig. 66) would be independent 

of regional fault patterns . 

.. 

-- .. 

N 

I 

-

Figure 65. Map and cross- ection of northwestern Pitt Island. (see cross sections, 

maps 3 and 4, Campbell et al,. 1993). 
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Map of Mangere and Little Mangere Islands show ing locat ion of faults. 

Faults labe ll ed .. a .. and "b". which may define the lower pe ninsul a as a 

graben (see tex t above) are from Watters ( 1978). 

In addi tio n to the poss ibi lity of a graben or ca ldera complex whi ch could be 

invoked to ex pl ain the ori gin of the Mangere Formation there is the like lihood that 

there was an arm of the sea, or an estuary, between the "twin peaks" of the northern 

Mangere mass if and the peaks at the southern end of the lower peninsul a. The 

Mangere Formati on sed iments appear to have been depos ited into thi s marine bas in 

or estuary whether or not it was structu ra l. 

With thermal doming, assoc iated with Rangiauria vo lcani sm, came at least 

parti al emergence of the Mangere vo lcanoes. At the time the Mangere Formation was 

depos ited (Mangapani an), global sea level is thought to have been about 50 111 above 

present. However in the late Mangapanian, sea level began to fa ll (Haq, in Campbell 

et al. 1993 p. 178) which wo uld have resulted in further emergence of the area and 

the acquisition of a vegetation cover. This is the situation when the Mangere 

Formation sediments began to accumulate as depicted in Figure 67 . 
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Figure 67. Model depicting the infe rred situation after the encl of Rangiauria 
volcanism. Mangere .. Island .. is a complex or ,·olcanic centres ("T win 

Peaks .. ) c lustered at each end of the present island. Pitt and Mangere 

Islands arc joined by the Tupuangi Formation which extends an unknown 

distance to the west and south. There is another major volcanic centre 

outside the diagram to the sou th at Rangiauria Head. Pitt Island. (The 
letter:-. .. a•· and .. b .. arc referred to on p I I I). 

4 .1 .0 Bag End Breccia. 

The Bag End Brcccia (named from an informal site in Black Robin Bu:-.h) i:-. 

here defined as the unit fo rmerl y defined as Whenuataru Tuff immediately 

underlying the Mangcre Format ion by Campbell et al.( 1993 ). Its type section is at the 

old black robin av iary, grid ref. 657 195 

Campbel l et al. ( 1993 p. 136) state that Whenuataru Tuff is fou nd on 

Mangere Island under the colluvial skirt along the north-eastern cliff/shoreline (at 

Blac k Robin Bush). and also immediate ly beneath the Mangere Formation. 

Whenuataru Tuff is a " . .. brown-grey to red-brown, massive to well bedded 

volcaniclastic sand, silt and palagonite tuff (crystal, li thic) of limburgitic basalt 

composition." Two samples that they described, and identified as palagonite tuff 

consist of'" ... large numbers of fragments of dark brown, originally glassy, volcanic 
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rock up to 1mm across, and numerous shell fragments up to about 5mm accompanied 

by scattered foraminiferal tests. In the volcanic rock fragments the ori ginal glass was 

probably altered rapidly by contac t with sea water; much of the original texture has 

been obscured by the alterat ion, although occas ional fragments show we ll prese rved 

ves icular tex ture. In additi on to the rock fragments, relati ve ly few crystal fragments 

of augite, brown hornblende and rare ly fe ldspar are present in the tuff ' (Watters, in 

Campbell 1993 p. 137) . Further, the Whenuataru Tuff contains vo lcanic bombs and 

is partly matrix - and partl y clas t-supported. 

It is considered that the '·Whenuataru Tuff' on Mangere Island (renamed Bag 

End Brecc ia in this study) underl ying the Mangere Formation is litholog icaly 

different from the Whenuataru Tu ff of Pitt Island because the unit beneath the 

Mangere Formation is lithologically and geneti ca ll y quite different from the 

descriptions given above, and from the type sec ti on on Pitt Island . It is a matrix

supported indu rated breccia. containing megaclasts and not nearly as ri ch in shell 

fragments as Whenuataru Tuff on Pitt Island. Unlike the Whenuataru Tuff, it 

contains no vo lcanic bombs. It is also coarse r than Whenuataru Tuff and contains 

numerous pebble sized , mainly ves icular basaltic clasts of characte ri sti c blue-grey 

co lour, unlike Whcnuataru Tuff, and its matrix is very fine and light grey co loured 

(Figure 68). The very fine Bag End Breccia unit was deposited after Rang iauri a 

vo lcan ism and the deposition of Whenuataru Tuff had ceased as its deposition 

required low energy conditions . The similar ity of it s foss il shell s to the Whenuataru 

Tuff foss il shell s show that its deposition fo ll owed c lose ly on the deposition of the 

Whenuataru Tuff. 

The Bag End Breccia is, therefore, a discrete sedimentary deposit distinct 

from the Whenu ataru Tuff and the Rangiauria Brecc ia, lt is therefore named in thi s 

study as the Bag End Brecc ia from an informal site in Black Robin Bush). 
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Figure 68. Comparison of Whenuataru T uff (le ft ) and Bag End Breccia (Right) . 

Whe nu ataru Tu ff is c learly fi ne r grained w ith ge ne ra ll y s mall e r c lasts 

and a s tronge r light ye llow co lo ur compared with the sample of Bag End 

Brecc ia. Whenu ataru Tu ff has a much g reate r amount of pa lago nite and 

broke n foss il shel ls th an the Bag End Brecc ia which has large r 

subangul ar to subrounded ves icul ar basa lt c lasts in a ve ry fine grey 

matrix. The white clast in the Bag End Brecc ia is quartz. (3x full s ize) . 

Bag End Brecc ia, the refore, is not a turf but a brecc ia inte rpre ted to res ult 

from vo lcanic cone co ll apses and conseq uent vo lcani c debri s ava lanches. Thi s 

s ituatio n is ana logous to that desc ri bed by Ball a nce et al ( 199 1, 2004 p.578) fo r the 

Parne ll Grits whe re co ll apse of the A uckl and weste rn vo lcani c cones resulted in 

subaeri a l debri s ava lanche ente rin g the sea. Similarl y Bag End Brecc ia o ri g inated as 

collapses of vo lcanic cones ("a" and "b" Fig. 66 ) from both the northeaste rn mass if 

and Little Mangere Is land . There appear to have been several coll apses with some 

time be tween the m, to a llow fo r some conso lidati o n of the prev ious fl ow de pos it. 

The collapses entered the sea at a po int near the mouth of an inte rpre ted inlet or 

es tuary, he re named Mangere Bay. They fl owed a further several hundred metres 

under the sea and were fin a lly stopped by the massifs of northern Mangere Island or 

Little M angere Island ("a" and "b" Fig. 67 ). Thus, unlike the Whenuataru Tuff, the 

re lati vely sparse foss il frag ments in it were pic ked up adventitious ly as the fl ows 
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crossed the sea floor. The avalanches flowed to the western side of the present 

Mangere Formation so that only a th in skirt of material which had spread out 

sideways from the main flow as a result of its coming into contact with the mass ive 

north and south Mangere volcanoes now underlies the Mangere Formation. Within 

th is thin skirt of material is preserved a megac last at the South Landing (Figure 19) 

and two megac lasts are preserved at the di sused aviary near The eek. ort h 

Landing (Figure 26). These mcgac lasts were deposited near the edge of the main 

flow. The megaclasts were ab le to be transported because of high internal pore water 

pressure, as a result of liquefac tion, creating increased matrix strength. The high pore 

pressure. despite incorporation of some water into the front of the flow. would have 

been maintained under water fo r the short distance of flow. By the standard of 

Ballance and Gregory ( 1991 p. 198) these were relative ly weak flows, with little 

erosive power, which fl owed only a short d istance and did not disturb a set of 

symmetric sea floor ripples underlying a thin cover of sediment over which it had 

passed (Figure 25). Because of the short fl ow distance. the mai n bulk of the flow 

which was seaward of the Mangerc Format ion (and now eroded away) soon came to 

a halt against the nort hern and southe rn mass ifs while the finer. wet matrix material 

and some large c lasts continued to fl ow away from the -.ide-. as an underwater 

analogue or Palmer et al 's. ( 199 1) unconfined axial B facie-. (their ax ial C fac ies 

would not have had time to develop). The B facies of Palmer e l al. ( 199 1) is 

equi valent to the type C facies of Glicken ( 199 1 pp. 10 1- 103). After it had en tered the 

water and come to rest with the axial A fac ies further to the west. lateral momentum 

or the megaclasts ceased and they sank towards the base of the flow (Ballance and 

Gregory 199 1 p. 198, Ballance et al. 2004 p.78). The Bag End Breccia, therefore. 

represents the uneroded undersea remnant of ax ial B facies (Palmer et a l., 199 1) of 

volcanic debris avalanches that plunged into the ocean from the northern and 

southern massifs. 

There is direct local ev idence for this type o f collapse (Figures 69 and 70) at 

grid ref. 669 198 (Figure 69). At th is site the debris avalanche would have flowed out 

towards the east, onto the Tupuangi Formation, perhaps provid ing a barrier to the 

north for Lake Mange re to fo rm (Figure 7 1 ). Such flows, originating from the 

northern end of the island, and travelling over a greater length of sea floor, would 
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have incorporated a considerable amount of sea life and may have been incorporated 

in the contemporary Whenuataru Tuff (Y.E Neall, pers. com). 

Figure 69. View or a sea-cliffed volcanic remnant at grid reference 669 198. 

Mangere Island Black Robin Bush is al the extreme right of the 

photograph. ote the bedded sequence of lavas 10 the left of the ou tcrop 

showing that there was once a volcanic cone nearby. A detail of this 

photo showing a volcanic debris ava lanche appears below (Fig 70). 

(photo. V. E. Neall ). 

Figure 70. Detail of Figure 69 showing variously oriented megaclasts fo rmed as a 

result of a volcanic debris avalanche. The megaclasl are s imilar to, and 

may be part of, Bag End Breccia. 



114 

4.2.0 Origin of Lake Mangere. 

It is here postulated that the debris avalanches represented by Bag End 

Breccia blocked an arm of the sea between the '"Twin Peaks'· of northeast and 

southwest Mangere Island. The last avalanche. originating from the southwest, 

finall y cut off Mangerc Bay and gave rise to a fresh water lake. It was in the resulting 

freshwater lake that the Basal M ember of the M angerc Formation was deposited. 

Flame structures in thi s avalanche all point to the north-east (Figure 24). 

Flame structures are essentially load casts (Boggs 200 I pp. 89, I 06; Pettijohn and 

Potter 1964 Plate 53b: Collinson and Thompson p.I46, figure 9.2) though Boggs (p. 

I 06) suggests that , on occasion, some horizontal movement may occur to point the 

flame in the forward direc tion. In the case of Bag End Breccia the struclllres arc al l 

pointing in the same direction suggesting that the breccia moved from southwest to 

northeast. This is not definitive as flame st ructures arc known to point also in the 

direction opposite to movement (op. cit. ) but the right to left movement here is 

supported as shown in Figure 26 wh ich shows the megaclast compress ing the much 

finer material on the left but less so on the right. This shows that. as the main mass of 

the debris aYalanche came to a halt , the greater momentum of the megaclast caused it 

to continue to move a little to the left, compressing the much finer material in front 

o f it with less compression behind it. Further support for this direction or movement 

is afforded by the flow pinching out towards the southeast. and its thickening 

towards the north. as well as its riding up the strata at its northern end (Fig. 2-+ ). A 

paleogeographical reconstruction is shown in Figure 71. 
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Figure 7 1. Model fo r the origin or Lake Mangere. Volcanism has died out. The 

flank of volcano .. a .. collapses and flows across Mangerc inlet comi ng 10 

rest against volcano .. b ... cutti ng off the inlet and form ing the Bag End 

Brcccia. Quie:-,cent, low energy conditions ensue. Lake Mangere is 

fo rmed and rill s with sediment from the surround ing \'Olcanoes and from 

erosion of the Tupuangi Formation and younger sediments deri, ·ed from 

Mangere Stream. 

4.3.0 Mangere Formation. 

Mangere Formation was laid clown as a serie:,, of horizontal strata in a cut-off 

arm of the sea between two volcanic cen tres. It consists of the post erupti ve Basal 

and Cycl ic Members (Fig. 17). The type section is in two parts because of the 

difficulty of access 10 the Cycl ic Member. The Basal half of the type sect ion, near the 

disused aviary, is shown by an "x" in Figure 17, Grid ref. 658 195. The Cyclic half, 

just above The eek, is marked by a "y .. in Figure. 17 and has a grid ref. of 659 195. 

4.3.1 Basal Member. 

The Basal Member, deposited post-erupti vely, is 30 111 th ick and consists of 

massive very fine sand to pure siltstone (Figures 27, 28, and 29) with a high 

glass/palagonite content and some alteration to allophane. This sediment is deri ved 

mainly from the local Robin Bush siltstone and Landing Point sandstone in a low 

energy situation. As the XRD results show (Tables 4 and 5), the quartzofeldspathic 
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fraction is low compared w ith the g lass/ clay fraction. Sufficient time had elapsed 

since the cessation of volcanism for the slopes around the lake to become clothed 

w ith vegetat ion w hich, together with a presumably equable climate, resulted in low 

eros ion rates and the deposition o f fine sediment. Some fine-grained 

quartzofeldspathic sediments with Cretaceous and earlier pollen also entered the lake 

from the Tupuangi Format ion. together wi th minerals from the Chatham Schist. The 

basal 3 to 4 m is mixed w ith small clasts and sand from the Bag End Brecc ia. This 

gives way in the central rn. 22 m to a very fine mudstone almost all of which is less 

than <32 µ111 grain size. This in turn g i ves way to the slightly coarser material at the 

top of the unit reflecting the onset of the sea breaching the ··dam .. formed of Bag End 

Breccia. (section -+.3.1 ). Diagenet ic changes have concentrated most o f the calcium 

in this member in the concretion~ (Fig. 28). Much of the finer material is volcanic 

g lass altered to palagonite or c lay as Table 4 shows. In spite of the presence of wood, 

there is very little carbon in this member (T ab le 3) which suggests that the lake was 

o ligotroph ic. This i~ ~upported by the lack or macro- or microfossils other than wood 

and pollen. Mo,t of the fossil wood appears to be concent rated on the northwest side 

of the member towards the lake ou tlet where currents would tend to carry it. Cla~ts 

v isible under the micro~cope arc all angular (Fig.29) and arc compositionally and 

texturally immature showing that they ha\'e been transported on ly a short distance. 

4.3.2 Palynology. 

The pollen found in th is un it (Section 3.3.7) is mainly recyc led 

Cretaceous material from the Tupuangi Formation. Pollen of Pliocene age is sparse 

and often difficult or impossible to identi fy because it is typically more damaged 

than the Cretaceous palynomorphs. There is no obvious explanation for this as the 

Cretaceous pollen would almost certainl y have been transported a greater distance 

and therefore subject to greater abrasion. A possible explanation might be that 

whereas the conditions in the Tupuangi Formation were conducive to pollen 

preservation, the Pliocene pollen was first deposited in the volcanic Robin Bush 

siltstone where conditions may have been alkaline and was then transported from 

there to the lake (as pointed out above, much of the sediment for the Basal M ember 

came from the Robin Bush siltstone). In any case, this situation seem anomalous 

and needs further investigation. Pliocene pollen that was identified, shows that there 
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was at th is time a coastal assoc iation of shrubs, herbs, grasses and ferns. This is 

characteri stic of the whole sequence. From this it also seems clear, based on the 

pollen suite (Section 3.3.7), that the transition from the Basal Member to the Cyclic 

Member did not in volve a significant climate change. This supports a marine 

breaching of the Bag End Breccia '·dam·· as the explanation for the changing 

enviro nment into the Cyclic Member. 

4.3.3 Cyc lic Member. 

4.3.4 Introductio n. 

As discussed 111 Chapter 2, the presence of marine ostracods. bivalves. 

bryo7.0a. sulphur. and gypsum in the Cyclic Member po int to the probab ility that the 

Bag End Breccia barrier was breached by the sea. This could have been partly by 

marine erosion of the Bag End Breccia but also possibly as a result of a ri sing sea 

level in the Waipipian/Mangapanian as the Haq et al. ( 1987) ~ea level curve suggests 

(Campbell et al. 1993 p. 178). Thi~ a llowed the influx of salt water and wave acti vity 

which destabili sed the vegetated slopes bordering the lake (Fig.72). 

Formation of Cyclic member: 
the sea breaks through the 
Bag End breccia. 
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Figure 72. Paleogeographic reconstruction of the situation when the sea breached 

the barrier of the Bag End Breccia resulting in the deposition of the 

Cyc lic Member. 
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As a result of this, coarser sediments were available to form the sandstone 

units of the Cyclic Member. The begi nning of destabilisation is evident in the 

coarsening upper few metres of the Basal Membe r. Destabilisation is supported by 

the large number of sizeable wood pieces in the lowest units of the member derived 

from the slopes surrounding the lake (Fig. 39). Sulphur and gypsum. also assoc iated 

with the wood. strengthen the case for marine influence. 

It is considered that the alternation of mudstone and sandstone units 

(especially for the thicker sandstone units) in the Cyclic Member may be a result of 

the coincidence of periodic vio lent storms and high tides releasing large quantities of 

sand and silt from the surrou nding slopes into the lake. all textural ly and 

compositional ly immature. This sand was deri ved locally from the Landing Point 

sandstone, Robin Bush si ltstone and, slightly further afield, by way or the Mangerc 

Stream. from the surrounding Tupuangi Formation with ib overlying strata. The 

presence of large volcanic and qua rt zofcldspathic fractions plus mica and rare 

zircons and epidotes in these sediments confirms this deri vation (Table 10). 

Many of the parallel-bedded sancbtone units that compri se the format ion. 

though most ly normally graded. show little difference in grain size from base to top 

as well as little or no erosive evidence on the underlying units when they were 

emplaced. This is explained as a mainly cont inuous storm-driven loose slurry of sand 

from the surrounding slopes which large ly settled on the lake bed without marked 

grain size separation or erosion of the lake bed (Figs. 42 to -+5). These figures also 

show that there was no significant lateral change in grain size along several or the 

sandstone unit s (Figs. 43 and 45). Several of the thicker sandstone un its, however, 

have ri p-up clasts in their bases which indicates that they were density flows. All of 

the sandstone units are positively skewed , mainly because of the high influx of 

Robin Bush siltstone (Tables 6 to 9). Units 26c and 28c show negative ly skewed 

bases but thi s is a result of (poorly developed) normal grading; the bases and tops 

were sampled in these units to detect changes in grain size along the length of the 

outcrop (2. 1.2). 

At the northeastern end of the Mangere Formation, disturbed bedding (Figs. 

32- 33) is common in the lower units of the Cyclic Member as a result of turbidity 

currents, slips, slumps, and slides from the adjacent slopes into wet sediments. The 
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parallel bedded units here tenn_inate against more chaotically bedded units (Fig. 33 ). 

A model to expl ain thi s is given in Figure 73 . 
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Figure 73. Model (not to sca le) to explain the di sturbed bedding at the north western 

end of the Cyc lic Member, Mangere Formation. Marine breaching of the 

deb ri s ava lanche dam and conseq uent marine incursion during peri odic 

storms resulted in turbidity current s, slumps, and slides of Landing Point 

sandsto ne flow ing onto the wet, part ly consolidated mudstones deri ved 

fro m Rob in Bush silt stone and the Tupuangi and younger strata, which 

had bee n depos ited in quiescent pe riods. As a result blocks of sandstone 

either bro ke off and sank or di sintegrated into smaller bloc ks (Fi gs . 32 

and 33). At the northeastern end of the fo rmati on the contact between the 

Basa l and Cyc lic members is gradual as a result of mi xing. Near the 

southwest end of the Formation, the lowest sandstone unit has been 

di storted to a convo lute bed, presumably by the momentum of an 

incoming density/turbidity current fro m the southwest (Fig. 34). Dense 

Hebe covering at the southwestern end made it imposs ible to determine 

whether extensive di sturbed bedding occurred here also. However on the 

South Landing side , the ripple unit has been di slocated and overridden 

rather than foundering (Fig. 35). 

Many of the sandstone units have ripple casts of very short wave length (ca. 

0.5 mm) on their bases. These ripples are all oriented in the same direction by wind 

from the southwest quadrant (Figs. 37 and 38). The ripples are close to symmetrical 

probably because, in an enclosed lake, a fa irly steady wind would set up a standing 

wave pattern on the lake which would be reflected at its bed. It seems likely therefore 
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that the lake was fa irly shallow (ripple size would increase with depth) at this time, 

especial ly as it had already been filled to ca. 32 m (see pp 75 and 76). This suggests 

that the ri s ing sea level (or subsidence) that resulted in the breaching of the Bag End 

Breccia dam continued during the deposition of the Cyclic Me mber resulting in a 

shallow lake in which the ripples found on several beds of the sequence could fo rm. 

This unit then records a series of quiescent periods during which sediments 

similar to those of the Basal Member were deposited, interspersed with higher energy 

periods when storms depos ited thicknesses of sandstone ranging from millimetres to 

around 80 centimetres. The main source of the sandstones is from the Mangere 

vo lcanoes themselves with input from the Tupuangi and later format ions. The 

mudstones, like the Basal Me mber sediments (but slightly coarser). originate both 

from the Tupuangi and later fo rmations and also locally from the Robin Bush 

siltstone. Input from Pitt Island provides the quartzofc ldspathic fraction or these 

sediments. The thickness of the sandstone units decreases upwards as the slopes 

around the lake again stabili se and become vegetated. This suggests that the Cycl ic 

Member wa~ deposited in a relatively short time. By the end of Cyc lic Member time 

Lake Mangere ,vas fill ed with sediment to a depth of around 45 m and would have 

been relatively ~hallow. 

A feature of the sandstone units or the Mangerc Formation is a distinct 

jointing pallern at ca.90° (sec 3A.8). This gives a principal stress pallcrn of 

north west-southeast as a result of doming. This doming postdates the Cyclic Member 

and may correlate with tec tonic uplifts in the Castlccliffian (Fig.79). 

4.3.5 Post-Cretaceous pollen. 

The Cyclic Member does not appear to be a very good environment for 

preserving pollen and is similar in this respect to the Basal Member (see section 

4.2.1 ). It seems probable, also, that fast sedimentation may have resulted in the 

preservation of fewer species because a wider range of species was expected. A 

characteristic of the pollen diagram (Fig. 47) is the unlikely sudden transitions 111 

species, but this is probably an artefact of the sampling interval which varied 

considerably depending on the thickness of the sandstone units separating the 

sampled mudstone units. 
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The small trees and shrubs as well as the herbs put the area in a coastal 

setting. In unit 27c the suggestion is that the climate was drier and cooler (lack of 

ferns, dominance of herbs) . The charcoal present here is mainly < 20 ~tm in size with 

none > 50 ~tm. The presence of the 20-50 µm frac tion suggests fire in the local 

region rather than wind blown material from New Zealand probably from fire s on 

Chatham Island. Thi s gave way to a wetter regime at 25c. The climate appears to 

have become drier and cooler again between 2 1 c and I Oc as is shown by the 

reduction in ferns as well as increasing amounts of charcoal. Fires at 2 1 and 15c, 

producing charcoal fragments > 50 µm appear to have been in the immediate 

vicinity. Conditions become somewhat wetter and warmer aga in at 9c. Sample I 0c 

appears anomalous as the presence of no spec ies other than Mrrsin e and Poaceae 

pollen is very unlike ly. The influx of Fuscosporn pollen at this time is indicati ve of 

wi ndy, dry conditions 

4.4.0 The Parakeet Formation. 

[n view of the fact that the units above the Cycl ic Member were depos ited 

under quite different conditions from the Mange re Formation i.e. mainly by aeo li an 

act ion after a probable hi at us involving terrestri al eros ion and a short-li ved sha llow 

lake, these unit s have been separated into the new ly named Parakeet Formation. The 

type locality for this fo rmation is along the sou thern cli ff edge of the Mangere 

Formation as it was ori ginall y defined by Campbell et ct!. ( 1993 ). This is shown by 

the letter z in Figure 17, grid refs . 656 193 to 658 194 and comprises the 

Carbonaceous and Skua Members, plus the tephra capping of the sequence. 

4.4.1 The Carbonaceous Member. 

At thi s stage there had been either a lowering of sea level or a gentle uplift of 

Mangere (and Pitt?) Island or both as the nex t unit of sediments, the Carbonaceous 

Member, is associated with a fresh water lake having an abundance of Botryococcus 

(Figure 74). The abundance of organic carbon (Table 12) is indicati ve of its prolific 

production by Botryococcus colonies (Jian Qin, 2005). 

Campbell et al. ( 1993 p 176 to 178) give evidence from the superposition of 

Titirangi Sand on Motorata Limestone just north of Ko Oreaeo Point, Chatham 
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Island for a sea level drop of around 80 m at about thi s time (though , according to 

Campbell , some of the apparent drop could be a result of regional uplift contingent 

on plate compress ion as a result of the Kaikoura Oroge ny) . The uplift at Mangere 

Island at thi s time may we ll correlate with this event because the Titirangi Sand is 

earl y Nukumaruan/Late Pliocene age which would put the termination of the Cyclic 

Member as late Pliocene. Thi s also fit s with the sea level curve of Haq et al. ( 1987) 

(quoted in Campbell et of. 1993 p 178) . After thi s, sea level again rose, (Haq et al. 

1987) with poss ible marine eros ion of the Cyclic Member. There is poss ible support 

fo r marine eros ion and an unconfo rmity here in that the contiguous lowe r peninsula 

is re lati ve ly flat topped (Fi gure 2) and not ve ry di ffe rent in height from the Mangere 

Formation; the differe nce in height coul d eas il y be acco unted fo r by the greater 

erodabil ity of the Cyc lic Member. Further, photographs show a sli ght change in 

slope in the mar ine cut cli ffs of the Island at about the same he ight as the lower 

pe ninsul a. Su pport fo r thi s might also come fro m an in ves ti gation of the thin 

sedimentary sequence at the ex treme southwestern end of the lowe r peninsula (see 

Figure 5) . Thu s the Cyc lic Member, now we ll above sea leve l, may have been 

subject to some eros ion before the adve nt of a fres h-water lake wi th a conseq uen t 

unconfo rmi ty . It was not poss ible to exam ine the contact between the Cyc li c Member 

and overl yi ng lake sed ime nts c lose ly enough to asce rta in thi s. though bi nocu lar study 

gave the impress ion that the lake sediments were unconfo rmable with the Cyclic 

Member sedi me nts and that there had been so me eros ion of the Cyc li c Member. 

Whether there was a hiatus here or not, a lake formed on the Cyc li c Member surface 

and pollen samples suggest a genera ll y swampy area with a shallow lake. This lake 

was geo logica ll y ephemeral as less than 600 mm of lake sediment was depos ited. 

The lack of suitable time constraint and the possibility of an unconfo nnity 

means that some or all of the Parakeet Formation could have been deposited at any 

time from Upper Pliocene to late Pleistocene. Mildenhall puts an upper limit of 

Mangapanian on the Mangere Formation (Campbell et a/. 1993, p 150) on the 

ev idence of Rhoipites alveolus (Mildenhall 1994 ). However, it is not clear from the 

Geolog ical Survey Foss il Records exactly where in the sequence R. alveolus was 

fo und. It was not above the Cyclic Member as all the Z Geological Survey foss il 

record forms appear to have come from below the Carbonaceous Member. In any 

case, if R. alveolus was to be found in the Parakeet Formation it would most likely be 
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found in the lake bed which had not been previously sampled. But the presence of 

just one or two pollen grains may not prove significant as pollen recycling is 

ubiquitous in the fo rmation. If only one or two R. afreo/11s grains were fo und in the 

lake bed they could poss ibly have washed in from older, higher standing, 

surrounding sediments or been blown in with the onset of wind blown Red Bluff 

Tuff (see 4.5.0). 

Clearly there is a major interpretation change here from the previous studies. 

As will be shown in the fo llowing discuss ion the Parakeet Formation units were 

deposited qui te differently and. originally, over a larger area than the Mangere 

Formation. In view of this the Carbonaceous and Skua members plus the capping 

tephra are collecti vely referred to the Parakeet Formation. 

Formation of the shallow 
fresh water lake. 
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Figure 74. Model for the the fo rmation of a fresh-water lake on the Cycl ic member 

sediments, surrounded by marshy land, as is evidenced by the pollen 

diagram. 

4.4.2. Palynology. 

The pollen diagram fo r the Carbonaceous member (Figure 47) is in two parts. 

Samples Lks I and 2 are in situ and are taken from the cli ff edge at the southwestern 

e nd of the member. Samples Lk I to 6 are from a fallen block from close to the 

deepest part of the lake. As far as can be ascertained, pollen samples Lks I and 2 
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correlate with samples Lk4 and 5. Overall the po llen diagram shows that the climate 

was moist and warm at thi s time as is evidenced by the dominance of pteridophytes. 

Since grass is everywhere significant it appears that the area was somewhat open 

with plentifu l small trees and shrubs but, as is characteristic of the whole sequence, 

no larger trees. This is not surpri sing as there appears to have been few large trees 

except the recently arrived Dracopy//11111 ar/Jore11111 on the Chatham Islands at any 

time since at least the upper Pliocene. The total lack o f D. orhorrn111 in any of the 

pollen samples is a puzzle since it is now ubiquitous on Pitt Island less than 4 km 

away today. This probably means that it was a late arrival on the Chatham Islands. 

Probab ly seeds were transported to the Chatham Islands from the sub- Antarc tic 

islands and/or mainland New Zealand by ocean-going birds someti me in the 

Pleistocene. (There are some sediments that arc probably Pleistocene at the ex treme 

southwestern end of the lower peninsula which cou ld be sampled fo r pollen 10 

possibly clari fy this question). As pointed out above, the Carbonaceous and Skua 

Members could be Pleistocene. Sample Lk6, dominated by grass is unexplained 

though revcgetation after eros ion is a poss ible explanation. Aquatic pollens suggest 

that the lake edges were swampy. The climate appears to ha,·e been windy as is 

ev idenced by the exotics i.e. wi nd-blown pollen from mainland I ew Zealand. The 

shrubs and small trees present arc characteristic of a coastal area. The lack of 

charcoal larger than 20 µm is indicative of wind blown charcoal from Austral ia or 

mainland New Zealand or peat fires from Chatham Island. 

4.4.3 The Skua Me mber, Provenance and paleoenvironment. 

Up to this time coastal erosion of the largely weakly consolidated Tupuangi 

Formation sediments had been proceeding apace and the original coastline was 

rapidly retreating; the retreat being delayed only by the vo lcanic massif of the 

Mangere vo lcanoes. It is postulated that, at th is stage, a deposit of Red Bluff Tu ff 

was being actively eroded or uncovered by the sea (Fig. 75) and was supplying 

materi al to be transported by the prevailing south-to-northwesterly winds to the area 

of the Mangere Formation. This aeo lian material overwhelmed the shallow lake and 

its surrounds with dunes. That the material of samples Sk I and 2 was wind blown is 

clear from the photomicrographs of Figure 57 which show rou nded grains, the larger 

fract ion of which is wel l sorted. The smaller fraction is almost entirely altered 
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volcan ic glass also derived from Red Bluff Tuff. Further evidence that this is 

aeo lian-derived Red Bluff Tuff comes from a site on the Owenga Road, Chatham 

Island known to be of wind blown Red Bluff Tuff (K.Holt. pers. com.). Samples 

from this and the Skua Member were made into thin sections (Figures 57 to 59). 

These show that the lowest unit of the Skua Member is deri ved from Red Bluff Tuff. 

Further, comparison of photographs I to 3 of Figure 50 with photograph number 4 

taken by K. Holt at grid reference 465615 just north of Red Bluff. Chatham Island 

shows a stri kingly similar lithology even 10 the water tunnelling in these permeable 

sediments. Such dunes have also been observed above the sea cliffs of northwestern 

Pill Island (Dr Ciel. Wallace. Pers. Com.) 

X-ray traces of these samples have almost exact ly the same form (Figs. 59 

and 60). raising the question of the relationship between them. It is possibile that 

these units have a similar origin and that samples Sk I and 2 are reworked from Red 

Bluff Tuff. Further ii seems likely that the two units Sk3 and SIA. much paler in 

colour but lithologically similar to Sk I and Sk2. are also composed of unweathcred 

wi nd-blown Red Bluff Tuff. 

Formation of the Skua member 

Bag End brecc,a 

Sk4 Skua member Mangere Formation 

?Exposed Red Bluff Tuff 

Known areas of Red Bluff Tuff 

northwest Pott Island 
I 
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Figure 75. Depos ition of the yellow-red sandstone unit (Ski and 2). Marine erosion 

uncovered a deposit of Red Bluff Tuff. Wind blown material from this 

exposure overwhelmed the lake and was deposited over a relatively wide 

area as is shown by the thickness of the deposit 



126 

4.4.4 Palynology (Figure 56) 

Pollen sampling was widely spaced between the lower two units of the Skua 

Member. Sample Sk I comes from immediately above the Carbonaceous Member 

which was being overwhelmed by wind blown Red Bluff Tuff and is essentia lly the 

same as that of Lk I (fig.49). The high charcoal levels suggest that local fires 

occurred at this time possibly as a result of drier conditions. It is probable that much 

or the pollen for Sk2 came from vegetation growing in moist areas between dunes 

and from the peri phery of the dune fi e ld. Except for grasses, the species show little 

variation between samples. Sample Sk3 is from the grey-white sandstone 

immed iately above the ye llow- red Sk 1/2 unit. At th is time. possibly as a result of 

fire as we ll as a drier climate. grass was dominant. 1o pollen was fo und above this 

level in the sequence. 

4.4.5 Deposition of the tcphra unit (Figure 75) 

A ,·ery pure altered rhyolitic tephra caps the Mangere Format ion. This 

appears to be the onl y outcrop or its ki nd and approx imate age in the Chatham 

Islands (no other local sources have been reported to elate). The only volcanism of 

comparable age arc the unnamed Pliocene Volcanics or South East Island. Star Keys. 

and the Pyramid Phonolitc. all or which arc basic in composition (Campbe ll et. of. 

1993 pp. 150 and 15 1) The nearest rhyolitic volcanism of approx imately simi lar age 

is the orth Island of ew Zealand and it is inferred that New Zealand is the source 

or the Mangerc tephra as ew Zealand tephra arc known to have reached the 

Chatham Islands (Campbell et al., 1993 p. 162). Attempts to relate this tephra to the 

Taupo Volcanic Zone, ew Zealand by microprobing was made difficult because of 

its state of alterat ion. Figure 55. which compares this tephra with older tephras from 

the Taupo Volcanic Zone, shows that the tephra contains three populations. Clearly 

the tephra bears a strong similarity to the Taupo Volcanic Zone tephras shown on the 

diagram (Figure 53) but at the present time any specific correlat ion remains 

proble matic. 
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Figure 76. Model for the deposition of the tephra uni t. 
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Figure 77. Model of Pitt and Mangere Islands by the mid-Quaternary. Mangere 

Formation has been reduced to a rapid ly eroding remnant. That present 

day erosion also is rapid is suggested in Figure 34 and by the lack of 

chemical weathering of the rocks of the Formation. 
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3. The volcanoes and Pitt/Mangere Island are vegetation-covered. Low energy conditions 
prevail. The fine-grained Basal member is deposited in Lake Mangere. Waipipian? 

4. Sea level rise overtops/breaches the Bag End breccia dam. The surrounding slopes 
are destabilised and the Cyclic member sandstone units are deposited during storm 
events. Mangapanian? 

Figure 78a. Diagrammatic summary of the history of the Mangere 
sedimentary sequence. 
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5.Uplift (further thermal doming?) and/or sea level fall. Subaerial erosion of Cyclic member. 
A shallow fresh water lake forms on top. Carbonaceous member is deposited. Marine 
erosion in Mangere Strait is attacking the Tupuangi and Mangere Formations. 

Mangapanian-Nukumaruan? 

6 Wind blown material from marine eroded or uncovered Red Bluff Tuff overwhelms the 
lake. Deposition of the Skua member. Nukumaruan-Castlecliffian? 

7 A tephra bed is deposited on the Skua member. Mid-Castlecliffian. 

. . . . .. . 

Pill Island 

8. The poorly consolidated Tupuangi Formation has been eroded by marine action from 
around Mangere Island. The Mangere sedimentary sequence has been reduced to a 

remnant. Castlecliffian-Haweran? 

Figure 78b. Diagrammatic summary of the history of the Mangere 
sedimentary sequence. 
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4.5. 1 Dating of the sequence. 
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The Mangere and Rangiauria Formations as a whole are rather vague ly dated 

with an upper limit for the Mangere Formation of Mangapanian on the strength of 

pollen grains whose position in the formation is not given. 

It is frustrating that the Formation is so poorly time constrained (sec Section 

4.3.0). Even Rangiauria volcanism, is dated by only one radiometric date (6. I+-

0.3Ma). The Whenuataru Tuff, which is reported to overl ap the Rangiau ri a Breccia 

in age (Campbell.et o/. 1993, p 129), and may be contemporaneous with the Bag End 

Breccia. is given as 5-2.5 Ma. 

Perhaps the dating problem could be overcome by taking cores from the 

mudstones of the Basal and Cyc li c Members at close intervals to match with known 

magnetic reversals. For Rang iauria vo lcanism the radiometric date might be verified 

by fi ssion track dating or hornblende or augite. The Bag End Brcccia might be time 

constrained by a close study of the macrofossils in this member. 

The tephra does not contain zircons which might otherwise date it but rare 

earth c lements might associate it with a Coromandel or TVZ tephra. 

The thin sequence or strata at the southwestern end of the lower peninsula 

may repay study in case it once overlay the present Parakeet membcra a possible 

complete sequence might be found if the tephra could be found under it. This 

sequence might also contain Drnrnphyllw11 pollen. 
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Tupuangi Formation is mapped as present on Mangere Island. It has the same 

lithology, heavy minerals, and pollen content as Tupuangi Formation on Pitt Island. 

Tupuangi Formation and its overlyi ng strata extended subaerially from Pitt Island to 

at least Mangere Island at least as recently as the late Pliocene. 

In the earl y Pliocene there were vo lcanic edifices centered approximate ly on 

northern Mangere Island and on southwest Mangere/Little Mangere Island 

At thi s time the re was an arm of the sea stretching toward Waihere Bay. Pitt 

Island between the Mangcrc Island northeastern and southwestern groups of 

Rangiauria volcanic ve nts. This sea arm was subsequently blocked 10 the seaward by 

a series of volcan ic debri s avalanches from the northeastern and southwestern groups 

of vents to form the Bag End breccia. 

The result was the fo rmation or an oligotrophic freshwater lake. Low energy 

conditions and vegetated slopes around the lake at thi!-> time re~ultcd in the depos ition 

of rn. 30 m or fine-grained sediment in the lake (t he Basal Member or the Mangere 

Format ion).This sediment was derived mainly from the Robin Bush Siltstone 

Member of the Rang iauria Breccia and abo from the Tupuangi Formation and 

younger strata. 

The Bag End breccia ··dam·· was then breached by the sea as a resu lt of a 

ris ing sea level and/or land subsidence and the lake came under marine influence. 

The surrounding slopes were destabi lized in severe storms resulting in the coarser 

sandstones being deposited. These storms alternated with low energy periods of 

mudstone deposition to produce the Cyc lic Member, which conformably overlies the 

Basal Member of the Mangere Formation. Jointing in the sandstone units of the 

Cyclic member shows that the princ ipal stress in the area was northwest-southeast. 

This wa. probably a result of thermal doming subsequent to the deposition of the 

Cyclic member and probably correlates with tectonic uplift in the Castlecli ffian. 

Short wavelength ripples on the top of a number of the sandstone units of the Cyclic 

member indicate that the initial shallow marine conditions continued during its 
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deposition as a result o f a rising sea level keeping pace with sedimentation 111 the 

lake. 

This was fol lowed by a sea level fall, plus tectonic uplift, wh ich probably 

resulted in a period of subaerial erosion and a very low angular unconformity. A new 

freshwater lake developed on the ensuing surface with marginal mires, coastal small 

trees. shrubs, and herbs. 

Continued marine erosion of the overly ing strata of the Tupuangi Formation 

resu lted in a deposit o f Red Bluff Tuff (identi f ied by a different population of 

hornblendes from those of the Rangiauria Breccia and Cyclic member) being 

exposed from which wind-blown material overwhelmed the lake, forming dunes. 

This formed the volcaniclastic yel low red unit. (Sk I and 2 and possibly also Sk3 and 

-1- ) of the Skua member. 

Volcanic acti vi ty. probably from the Taupo Volcan ic Zone, deposited a layer 

of tuff (Sk 5) over the area. Continued marine erosion in the Quaternary separated 

M angere Island from Pitt Island and reduced the Mangere sequence to the present

clay remnant. 

An attempt ha~ been made in Fig. 79 to correlate the eustatic. tectonic. and 

depositional/ erosional even ts of the Mangcrc Formation to the 3rd order global sea 

level curve of Haq el of. ( 1987). If this correlat ion is correct the upper limit of the 

Parakeet formation is at least Castlec liffian. 

Except for ostracods and a few ~mall molluscs. the sequence is lacking in 

macrofossi ls. coccoliths, foraminifera. radiolarians. diatoms, and sponge spicules. 

Palynomorphs are relative ly common in all units. 

Throughout the sequence the coastal climate around Mangere Island appears 

to have been fairly equable, giving rise to a coastal association of small trees, shrubs, 

and herbs that changed little during its formation. A notable feature of the 

palynology of the sequence is a total lack of Dracophyl/11111 pollen which suggests 

that Dracophylfum did not reach the Chatham Islands until the Pleistocene. lt was 

probably introduced to the Chatham Islands from mainland ew Zealand and/or the 

subantarctic islands by ocean-going bi rds. 

The equence could not be definitively dated from pollen or other fossil 

evidence. The best hope for dating it is to take a close series of siltstone samples 
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from the Mangere Formation to obtain their magnetic signature. A much c loser study 

of the pollen of the Skua member and the mineralogy of its tephra cap may give 

information on their ages which may well be Pleistocene. 
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Figure 79. Correlation of the eustatic, tectonic, and depositional/erosional events of 

the study to the 3rd order global sea level curve of Haq et a l. ( 1987). 
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Appendix I. 

Grain size data for Cyclic member. 

Basal member. Grain size distribution for samples 1 b, 3b, 5b. 
Weight in grams Weight % 

Sample 1b 3b 5b 1b 3b 5b 
>63um 3. 193 0.789 2.311 28% 10% 19% 
63-4um 2.037 2.088 5.192 18% 26% 44% 

<4 um 6.058 5.192 4.369 54% 64% 37% 
11 .288 8.069 11.872 100% 100% 100% 

Cyclic Member, unit 13c 
Weight Weight in 

in grams, Weight grams, Weight 
µm Top % Base % Cumulative % 

500-1000 1.45 12% 5.39 26% 12% 26% 
250-500 1.55 13% 4.36 21 % 25% 48% 
125-250 2.06 17% 3.6 18% 42% 65% 
63-125 1.85 15% 2.73 13% 57% 78% 
32-63 2.3 19% 2.37 12% 76% 90% 
<32 2.83 24% 2.037 10% 100% 100% 

Total 12.04 100% 20.487 100% 

Cyclic Member, unit 20c 
Weight in Weight in 

grams, Weight grams, Weight 
µm Top % Base % Cumulative % 

500-1000 0.877 9% 5.479 22% 9% 22% 
250-500 1.356 14% 4.502 18% 24% 41 % 
125-250 2.068 22% 5.38 22% 45% 63% 
63-125 1.296 14% 3.944 16% 59% 79% 
32-63 1.73 18% 3.02 12% 77% 92% 
<32 2 .132 23% 2.037 8% 100% 100% 

Total 9.459 100% 24.362 100% 

Cyclic Member, unit 13c 
um Top (g) Wt % Base (g) Wt % Cumulative % 

500-1000 1.45 12% 5.39 26% 12% 26% 
250-500 1.55 13% 4.36 21 % 25% 48% 

125-250 2.06 17% 3.6 18% 42% 65% 
63-125 1.85 15% 2.73 13% 57% 78% 
32-63 2.3 19% 2.37 12% 76% 90% 
<32 2.83 24% 2.037 10% 100% 100% 

Total 12.04 100% 20.487 100% 
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Turbidite, unit 28c 
North end of unit South end of unit 

µm Top (g) Wt 0
,~ Base (g) Wt 0

,0 Top (g) Wt °,·0 Base (g) Wt°,{, 

500-1000 2.22 9°/0 4.917 26°-o 1.23 70• ,o 2.06 22°<:i 
250-500 2.56 11 o,o 443 23~,o 1.64 go• •o 145 15°-'0 

125-250 4.24 18%, 2474 13°·0 2493 14~·0 1.285 14°/() 

63-125 3.96 17°,0 2.433 13°/Q 3.2 18'}0 1.72 18~'0 
32-63 4.8 20°-0 2.75 15°'0 3.74 21 °-'0 1.55 16°--0 

<32 5.86 25°,·o 1.85 10°,0 5.25 30% 1.35 14°/o 

Total 23.64 100% 18.854 1 00°,0 17.553 1 OQC:io 9415 ! 00°-·0 

Grain size analysis. Skua Member. units Sk3 and 4. 
Sk3 (g) Wt 0

·o Sk4 (gl Wt 0 --0 
>500µm 11.25 8°-'o 18.3 12% 
500-250 13.5 goo 222 1 ~o 0 o 

250-125 19.05 13°'0 19.95 13°'0 
125-63 31.35 21 °·0 28.8 19°·0 

63-32 29.7 20°-o 30.3 20°0 
<32µm 44.85 30°'0 49 05 33°··0 

149.7 168.6 
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Appendix 2 

Electron microprobe analyses of glass shards from tephra sample Sk5. 

SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Total 

MF4-Ca glass 1 72.43 0.14 11 .98 0.86 0.10 0.04 0.96 4.21 3.67 94.39 

MF4-Ca glass 1 b 72.43 0.14 11 .98 0.86 0.10 0.04 0.96 4.21 3.67 94.39 

MF4-Ca glass 2 72.43 0.14 11 .98 0.86 0.10 0.04 0.96 4.21 3.67 94.39 

MF4-Ca glass 3 72.43 0.14 11 .98 0.86 0.10 0.04 0.96 4.21 3.67 94 .39 

MF4-Ca glass 4 72.43 0.14 11 .98 0.86 0. 10 0.04 0.96 4.21 3.67 94.39 

MF4-Ca glass 5 72.43 0.14 11 .98 0.86 0.10 0.04 0.96 4.21 3.67 94.39 

MF4-Ca glass 6 72.43 0.14 11 .98 0.86 0.10 0.04 0.96 4.21 3.67 94.39 

M F4-Ca glass 7 72.43 0.14 11 .98 0.86 0. 10 0.04 0.96 4.21 3.67 94.39 

M F4-Ca glass 8 72.43 0.14 11 .98 0.86 0.10 0.04 0.96 4.21 3.67 94.39 

MF4-Ca glass 9 72.43 0.14 11 .98 0.86 0.10 0.04 0.96 4.21 3.67 94.39 

MF4-Ca glass 10 72.43 0.14 11 .98 0.86 0.10 0.04 0.96 4.21 3.67 94.39 

MF4-Ca glass 11 72.43 0.14 11 .98 0.86 0.10 0.04 0.96 4.21 3.67 94.39 

72.43 0.14 11.98 0.86 0. 10 0.04 0.96 4.21 3.67 94.39 

Normalised 72.43 0.14 11 .98 0.86 0.10 0.04 0.96 4.21 3.67 94.39 

M F4-Ca glass 1 72 .43 0.14 11.98 0.86 0.10 0.04 0.96 4.21 3.67 94.39 

MF4-Ca glass 1 b 72.43 0.14 11 .98 0.86 0.10 0.04 0.96 4.21 3.67 94.39 

M F4-Ca glass 2 72.43 0.14 11.98 0.86 0. 10 0.04 0.96 4.21 3.67 94.39 

M F4-Ca glass 3 72.43 0.14 11 .98 0.86 0.10 0.04 0.96 4.21 3.67 94.39 

M F4-Ca glass 4 72.43 0.14 11.98 0.86 0.10 0.04 0.96 4.21 3.67 94.39 

M F4-Ca glass 5 72.43 0.14 11 .98 0.86 0. 10 0.04 0.96 4.21 3.67 94.39 

MF4-Ca glass 6 72.43 0.14 11 .98 0.86 0. 10 0.04 0.96 4.21 3.67 94.39 

MF4-Ca glass 7 72.43 0.14 11.98 0.86 0.10 0.04 0.96 4.21 3.67 94.39 

MF4-Ca glass 8 72.43 0.14 11 .98 0.86 0.10 0.04 0.96 4.21 3.67 94.39 

M F4-Ca glass 9 72.43 0.14 11 .98 0.86 0.10 0.04 0.96 4.21 3.67 94.39 

MF4-Ca glass 1 O 72.43 0.14 11 .98 0.86 0.10 0.04 0.96 4.21 3.67 94.39 

MF4-Ca glass 11 72.43 0.14 11 .98 0.86 0. 10 0.04 0.96 4.21 3.67 94.39 

FeO:CaO;K20 ratios 
FeO cao K20 Total Fe0% CaO% K2O% 

0.91 1.02 3.88 5.81 15.7 17.5 66.8 

0.98 1.03 3.79 5.80 16.8 17.7 65.4 

2.45 1.78 3.11 7.33 33.4 24.2 42.4 

2.61 1.85 3.28 7.74 33.7 23.9 42.4 

2.66 1.62 3.37 7.65 34.7 21 .1 44.1 

2.38 1.28 3.86 7.52 31.7 17.0 51.4 

2.67 1.74 3.16 7.57 35.3 23.0 41.8 

1.63 1.26 3.33 6.23 26.2 20.2 53.5 

2.70 1.84 3.26 7.80 34.6 23.6 41 .8 

1.48 1.24 3.57 6.29 23.5 19.8 56.8 

1.78 1.14 4.00 6.92 25.8 16.4 57.8 

2.68 1.93 3.14 7.74 34.6 24.9 40.6 

FeO Na2O K20 total FeO% Na2O% K2O% 

0.91 4.45 3.88 9.25 9.8 48.2 42.0 

0.98 4.34 3.79 9.11 10.7 47 .6 41 .7 

2.45 4.67 3.11 10.23 23.9 45.7 30.4 

2.61 4.50 3.28 10.39 25.1 43.3 31.6 

2.66 4.62 3.37 10.64 24.9 43.4 31.7 

2.38 3.55 3.86 9.79 24.3 36.2 39.4 

2.67 4.24 3.16 10.07 26.5 42.1 31.4 

1.63 4.08 3.33 9.05 18.1 45.1 36.8 

2.70 4.63 3.26 10.59 25.5 43.7 30.8 

1.48 4.01 3.57 9.06 16.3 44.2 39.4 

1.78 4.01 4.00 9.79 18.2 41 .0 40 .8 

2.68 4.63 3.14 10.45 25.6 44.3 30.1 
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Appendix 3. 

3. Electron microprobe analyses of hornblende from Rangiauria 
Breccia, Cyclic member sample 30c and Skua member samples 

Sk1 and 2. 

Sample ID Proportion of the cations based on 23 oxygens 

Si Ti Al Fe Mn Mg Ca Na K 

ID= 11373 R-Brec 1 11 .80 1.07 3.78 1.19 0.03 2.90 1.76 0.33 0.14 

ID= 11374 R-Brec 2 11.74 1. 11 3.72 1.23 0.02 2.85 1.80 0.38 0.17 

ID= 11375 R-Brec 3 11 .72 1.16 3.78 1.15 0.04 2.90 1.75 0.30 0.16 

ID= 11376 R-Brec 4 11 .72 1.16 3.78 1.15 0.04 2.90 1.75 0.30 0.16 

ID= 11377 R-Brec 5 11 .71 1.13 3.85 1.10 0.02 2.91 1.77 0.33 0.16 

ID= 11379 R-Brec 6 11 .77 1.10 3.73 1.24 0.01 2.85 1.80 0.33 0.15 

ID= 11381 R-Brec 7 11.75 1.08 3.63 1.46 0.02 2.66 1.85 0.39 0.15 

ID= 11384 CM-30c 1 11 .70 1.12 3.81 1.12 0.00 2.94 1.76 0.37 0.16 

ID= 11385 CM-30c 2 11 .90 0.79 3.88 1.44 0.01 2.81 1.70 0.34 0.11 

ID= 11386 CM-30c 3 11 .83 1.03 3.70 1.19 0.01 2.96 1.77 0.33 0.16 

ID= 11387 CM-30c 4 11.80 1.08 3.71 1.30 0.01 2.77 1.78 0.33 0.17 

ID= 11389 CM-30c 5 11.81 1.08 3.76 1.21 0.02 2.90 1.73 0.34 0.14 

ID= 11390 CM-30c 6 11.81 1.08 3.78 1.16 0.01 2.88 1.77 0.34 0.15 

ID= 11391 CM-30c 7 11.77 1.05 3.79 1.20 0.03 2.88 1.76 0.33 0.15 

ID= 11392 Sk 3 SS 1 11.48 1.14 3.78 2.05 0.01 2.38 1.69 0.31 0.15 

ID=11394Sk3SS2 11 .62 1.00 3.97 1.7 0.03 2.06 1.80 0.41 0.13 

ID=11396Sk3SS3 11 .88 0.94 3.76 1.46 0.02 2.31 1.77 0.36 0.13 

ID= 11397 Sk 1&2 SS 1 11 .89 1.08 3.66 1.75 0.04 2.26 1.84 0.32 0.14 

ID= 11398 Sk 1 &2 SS 2 11.70 1.01 3.97 1.75 0.02 2.33 1.76 0.35 0.11 

ID= 11399 Sk 1 &2 SS 3 11.78 0.95 3.68 1.71 0.01 2.38 1.84 0.39 0.12 

Sample Mg Fe Na+K Mg/Mg+Fe 
Rbrec-1 2.9 1.19 0.47 0.71 
Rbrec-2 2.85 1.23 0.55 0.69 
Rbrec-3 2.9 1.15 0.46 0.72 
Rbrec-4 2.9 1.15 0.46 0.72 
Rbrec-5 2.91 1 .1 0.49 0.72 
Rbrec-6 2.85 1.24 0.48 0.7 
Rbrec-7 2.66 1.46 0.54 0.65 

CM-1 2.94 1.12 0.53 0.72 
CM-2 2.81 1.44 0.45 0.66 
CM-3 2.96 1.19 0.49 0.71 
CM-4 2.77 1.3 0.5 0.68 
CM-5 2.9 1.21 0.48 0.7 
CM-6 2.88 1.16 0.49 0.71 
CM-7 2.88 1.2 0.48 0.7 

Sk3 2.38 2.05 0.46 0.54 
Sk3 2.06 1.98 0.54 0.5 
Sk3 2.31 1.7 0.49 0.57 
Sk1&2 2.26 1.75 0.46 0.56 
Sk1&2 2.33 1.75 0.46 0.57 
Sk1 &2 2.38 1.71 0.51 0.58 




