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Preliminary study of the sandstonesin the Torlesse terrane，

New ZeaJand

Kazumi YoKOYAMAl

Abstract Heavy fractions of　mineralsin the sandstones from the Torlesse terrane
are composed mainly of metamorphicminerals such as epidote，titanite and pumpellyite
with subordinate amounts of detrital　minerals such as zircon，garnet，aPatite and

ilmenite．Although　metamorphism has been considered to be continuous within the

Torlesse terrane，mOdalproportions ofmetamorphic　minerals，eSpeCially pumPellyite and
epidote，aredepletedin the centralreglOn．

Compositions of detritalgarnets vary consistently with the geologlCal age oftheir
host sandstones．Jurassic－Cretaceoussandstones contain garnets witha wide comp0－

sitional range，Whereas garnetsin Triassic rocks have a narrow compositional
range．Rocks of both ages contain Mg－rich and Ca－rich garnets，Whereas Permian gar－
nets are usually richin Mn．Although　dissolution of garnetsis commOnin the
sandstonesdueto diagenesis and metamorphism，the difference of the garnet com－

position reflects compositionaldifferencesin the sourcerocks．Garnetsin the Permian

rocks were predominantly derived from granitic rocks，Whereas thosein the Triassic
to Cretaceous rocks were derived from garnet amphibolite and gneiss which should be

lowerin metamorphic gradethanmetamorphic rocksintheeastern Antarctic．

Key words：Sandstone，heavymineral，Torlesse terrane，NewZealand

INTRODUCTl0N

The Torlesse terraneis an extensive accretional

prlSm COmPOSed mostly of quartz－feldspathic，

Submarine－fan depositsranglngin agefromPer－

mianto EarlyCretaceous．Itis ofteninferred to
represent an accreted subduction complex（e．g．，

MacKinn？n1983），butexotic blocks derivedfrom
theoceanlC plate，SuCh as basalt，Chertandlime－

stone，OCCur Only sporadically throughout the
terrane．The Torlesse terraneis dividedinto the

Older and Younger Subterranes by the Esk Head

melange（e．g．，Frost＆Coombs1989；Silberling et

al．1988）．Age of sedimentation of the Older
subterraneisTriassic to Permian and that of the

the Younger Oneis LateJurassic to Early Creta－
ceous．　Reconstructions of　the South New Zea－

land by Bradshaw（1989）showsthat the subma－

rine fan deposits were formed atthe continental

margln Of the Antarctic and were present at the
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northoftheMarieByrdLand of the Antarcticbe－
fore the Middle Cretaceous．

Many detailed paleontologlCaland petrologlCal
studies of the Torlesse terrane have been pub－

lished（e．gリ　Landis＆Coombs1967；MacKinnon

1983；Silberlingetal・1988）・Howpver，therehave
been few studies of detrital mlnerals in the

terrane（e．g．，MacKinnon1988）．Asa preliminary
study of the sandstonesin the Torlesse terrane，

the auther obtainedthe modalproportions ofmin－

eralsin heavy andlight、fractions and analysed
detritalgarnets to discuss the provenance of the

constituentminerals．

COLLECTED SAMPLES AND MlNERAL SEPARATl0N：

Thirty one sandstones were collected from

the Torlesse terrane which was metamorphosed

mostlyundertheprelmite－pumPellyite faciescondi－

tions（Fig．1）．Rocks of the zeplite facies occur

1DepartmentofGeology，NationalScienceMuseum3－23－1Hyakunin－Cho，Shinjukn－ku，Tokyo，169Japan・
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Fig．1　Locality map of the sandstonesin the
Torlesse terrane．Tectonic framework and paleon－

㌶盟霊。三a賃9蒜聖霊諾ng轟緑1監霊
reglOn Withlocal occヮrrenc？S Of Middle Triass享C
rocks・UT：Upper Trias竺1C reglOn・J－C：LateJurassIC
to Early Cretaceous reglOn．

locallyin　the Younger subterrane（Landis　＆
Coombs1967；Landis＆Bishop1972）．The Haast
schist occurrlng tO the westis the high　grade

equlValentoftheTorlesse terranerocks andis ex－

posedlocallyin theOldersubterrane．

The sandstones，highly consolidated，Were
crushedin a stainless steel morter．The followlng

procedures ofmineralseparationwere carried out，

asdescribedbyYokoyamaetal．（1990）．Thespe－

cificgravltyOftheliquid，methyleneiodide，WaSre－

duced to2．82in order to recover composite gralns

and aggregates of heavy andlightminerals・All
the　mineralsin the heavy andlight fractions
wereidentifiedbymeans ofprofiles obtained from

a Link Systems energy dispersive spectrometer

（EI）S）．The numbers of heavy Tlinerals counted

in each sample arelistedin Tablel．　Asrutile，
anatase and brookite are not distinguished by the

EDSprofile，theywere counted collectively asTi02
polymorphs．Chlorite，micaceous　minerals and
carbonateminerals are presentin both the heavy
andlightfractions．Therefore，theseminerals were
notincludedinthemineralcountS．Magneticfrac－
tionswereremovedbeforetheseparation．Magnet－
ite and maghemite were rarely observedinthe
Younger Subterrane．

HEAVY AND uGHT MINERALS

A number of heavymineral species arelisted

in Tablel．Epidote groupminerals and titanite

arethemostabundant，followedbyzirc？n，garnet，
ilmenite，aPatite and pumpellyite（Fig．2）．
Amongthelisted heavyminerals，garnet and zir－

COn are Clearly detrital．Other detrital gralnSin－
clude apatite，ilmenite，tOurmaline，hornblende，

Clinopyroxene，mOnaZite and thorite．　Metamor－
Phic　mineralsinclude epidote，pumPellyite and

titanitein the heavy fractions，aS discussedin a

Subsequent
Garnet

subterrane

Subterrane，

ritein the

（Fig．3a）．

section．

is well preservedin the Younger

and the eastern part of the Older

Whereasitislocally replaced by chlo－

WeStern Part Of the Older subterrane

Euhedral zirconis common，and often

containsaPatite and roundedinclusion・（glass？）

（Fig．3b）．Pyroxenes and amphibole are ex－

tremely etched and skeletal due to replacement

by chlorite，Carbonate and rarelylaumontite．

Epidote occurs commonly as aggregate at the

grainboundariesofquartzand feldspar（Fig．3C），

whereas zoisite and clinozoisite are maJOr COmPO－

nents produced by the breakdown of plaglOClase・

Pumpellyite occurs usually as aggregates of fine一

gTained euhedral crystalsandis commonly as－

sociated with epidote（Fig．3C　＆　d）．　Both

pumpellyite and epidote are abundantin the

Younger subterrane，butless commOnin the east－

ern parf of the Older subterrane（Fig・2）・
TitanitelS rePlaclngilmenite and TiO2pOlymorphs．

In thelight fractions，the modalproportion of
quartzis approximately　40％．PlaglOClase com－

monlylSrePlacedbyalbiteandepidote一grOuPmin－

erals and occasionally by zeolite．Prehniteis not

commonin spite of the metamorphism of the

prehnite－Pumpellyite facies，Itis restricted tothe
Older subterrane．K－feldsparis commOnin the
easternpart，butis high1ydecomposedinto musco－
vitein the area close to　the greenschist facies

terrane．Laumontite occurs most commonly as a

veinmineral andrarelyasareplacementofplaglO－
clase and hornblende．Itis abundantin the area

tothe east of the Esk Head melange，COnSistent
withthe zeolite zone of Landis＆Coombs（1967）．

However，laumOntite occurs sporadically alsoin

the Older subterrane，in the the prehnite－

pumpellyitefacieszone・

GARNET COMPOSITJON

TheEDSdataofgarnetwereplottedintwo se－

rialdiagrams：Mn－Ca－（Fe＋Mg）andCa－Fe－Mgdia－

grams（Fig．4）．Theplotsaredividedinto three

fields based on geologlCalage：Permian with Mid－

dleTriassicinpart，UpperTriassicandLateJuras－

sic to Early Cretaceous．Clear differences among

the three groups of garnets are observed・
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Tablel Heavy andlight mineralsin the sandstones from the Torlesse terrane．
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H eavy m inerals ＝ght m inerals

gar　 zir　ap a　to u　 spi epI Pum　 SPh　 l－i gro　 aII ilm　　　 others qz　 ab　 pl kf　others

N Z－5 12　 17　　 1　　 2　　　 10 5　　 4　 55　　 8　　 3　　 5　　 1 5 5　3 1　 3　 1 1　　 1m

NZ－4 28　 50　　 3　　　　　　　 44　　 6　 38　　 6　 1　 9　 2 1 42　 3 1　 6　 2 1　　 lm

NZ－6 12　 12　　 3　　　　　　　 99　 2 2　 58　 10　　 3　　 2　　 3 5 1　2 7　　 9　 13

NZ－3 9　 20　 1　 1　 1 10 8　 13　 2 7　 1 1　 4　　 2　 1S　　　 m o（1） 54　 2 1　 8　 17

NZ－2 9　　 5　　 3　　　　　 1 109　 19　 20　　 8　　 4　　 1　 1 5 5 3　2 1 12　 2 1

NZ－10 28　 1 7　　 5　　 2　 1　 9 8　　 4　 34　 14　　 2　　　　　 4 5 5　2 4　　 8　 13

NZ－11 1 1 12　　 5　 1　　 12 5　　 8　 3 7　　 4　 1　 1 1 2　st（1）cp（1） 44　 35　　 9　 15　　　 Im

N Z－9 39　　 7　　 5　　　　　　　　 8 7　 2 2　 37　　 4　　　　　　　　 1 48　 4 7　　　　　 5　　　 lm

N Z－8 33　 10　　 2　　 2　　　　 9 7　 10　 45　　 4　 1　　　　　　　　 m o（1） 5 5　3 8　 1　 6　　　 Im

NZ－7 9　　 7　　 5　　　　　　 1 15　 15　 35　 10　　　　　　　　 4 54　 3 3　　 2　 12　　　 lm

N Z－14 36　　 8　　 3　　　　　 1 104　 19 ．4 1　　 4　　 1　　　　 1 1 40　 39　　 3　 18　　　 1m

NZ－15 6　 1 5　　 2　　　　　　 1 11 13　 4 4　 17　　 1　　　　 1 4 7　2 4　　 5　 2 4

NZ－16 64　 72　　 2　　 3　　 2　 18　　　　 23　 2 2　　 6 6 3　2 2　　 8　　 7

N Z－17 18　 16　 2 4　 1　　　 49　 1　 9 6　　 5　 1　 4　 16 3 5　4 2　　　　 2 3　　　 lm

N Z－3 1 28　 2 5　 12　　　　 1　 7 2　　　　 56　　 8　　 4　　 5　 2 1 hb（7）th（l） 42　 39　 7 15　 lm ，Pr

N Z－32 1 1　 24　 2 3　　　　　　 5 1　 31 8 1　 7　　 3　　 6　　 2　　　 th（1） 4 5　4 7　 1　 7　　　 pr

N Z－33 25　 58　 13　　　　　 1　 5 5　　 1　 50　　 8　　 5　　 4　　 5 28　 5 3　　 6　 13

N Z－34 12　　 5　　　　　　 150　　 5　 3 1　 1　　　　 1　　 2 62　 3 7　 1

N Z－3 5 8　 3 7　　 8　　　　　　 5 1　 1　 69　 1　　　 1　 53　hb（7）cp（3） 3 3　4 2　　 9　 16　　　 lm

N Z－18 7　 18　　 4　　　　　　 6 1 10　 6 8　　 ｝　 1　 2　 38　　　 hb（1） 48　 30　　 3　 19

N Z－19 8　　 2　　　　　 1 18　　　　 28　 1　　　 1　 3　　　 ac（4 8） 54　 4 5　 1

N Z－ZO 8　　 3　　　　　　 10 8　 4 3　 30　　 3　　　　　　　　 5 5 3　4 7

N Z－2 1 1　　 4　　 9　　　　　　 103　 28　 4 2　　 3　　　　　 4　 18 3 1 60　 2　 7　　　 pr

N Z－22 1　　 3　　　　　　　　　 102　 4 2　 4 4　　 6　　　　 1　　 2 60　 40　　　　　　　 pr

N Z－24 4　　 7　　 9　　　　　 1 10　 1 1　 50　　 5　 1　 2　　 2　　　 hb（2） 5 3　4 2　　 5

N Z－2 5 Z　　 2　　 1　　　　　　 15 5　 17　 18　　 2　　　　　 3 4 2　5 7　 1

N Z－26 10　 17　 1 3　　　　　　　　 96　　 4　 70　　 8　 1　　 3　　 3 44　 3 7　 19　　　　　　 lm

N Z－2 7 15　 2 1　　　　　　　 62　 6 1　 40　　 －4　　　　　　　　 1 34　 6 6

N Z－28 5　　 4　　　　　　　 12 7　 4 6　 2 1　 1 59　 4 1

N Z－29 1　　 5　　 6　　　　　　　 60　　 2　 22　　 2　　 2　　　　　 9 48　 2 4 14 14　　　 pr

N Z－30 3　　 8　　 3　　　　　　　 76　　 7　 76　 12　 1　　 3　 20 4 1 4 4　　　 15　　　 pr

Mineralabbreviations；gar＝gamet，Zir＝Zircon，aPa＝aPatite，tOu＝tOUrrnaline，SPI＝SPInel，ePl＝ePidote，Pum＝PumPeIlyite，

SPh＝titanite，Ti＝TiO2POlymorphs，grO＝Ca－richgarnet，alI＝a”anite，ilm＝iTmenite，mO＝mOnaZite，St＝StaurOIite，

CP＝Clinopyroxene，hb＝hornbTende，th＝thorite，aC＝aCtinolite，qZ＝qUartZ，ab＝aIbite，Pl＝Calcicplag10Clase，kf＝K－feldspar，

lrTl＝laumontite，Pr＝Prehnite．Eachnumberiscountedoneintheheavyandlightrractions

Garnets from the first group，Permian to Middle
Triassic，are uSually richin MnO and poorin
CaO．They are similar to garnets from granitic
rocksinWestland（Fig．4）．In the Ca－Fe－Mg dia－
gram，Upper Triassic garnets are simi1ar to those
from the Permian，but the Mn－Ca－（Fe＋Mg）dia－

gram shows that they are clearly depletedin

Mn0．0ntheotherhand，garnetSfromtheJuras－
Sic to Cretaceous sandstones have a wide composi－

tionalrangein both diagrams．Garnetsin allthe

groups have pyrope contentless than　35％　and

COmmOnly plot on the Fe－rich side ofthe Ca－Mg－

Fe diagram．The compositional features shown

above are different from those of the highgrade
rocksintheAntarctic and ofthe Frazer gnelSSin
SouthIslands（Fig．4）．

DISCUSSl0N

Heavy　mineralsin sediments’frequently have

beenusedinstudiesoftheirprovenance（e．g．，Mor－

ton1985）．However，they are also sensitive to

diagenesis，Suffering from dissolution processes

after deposition．Besides the dissolution，minerals
in the Torlesse terrane were metamorphosedunder
the prehnite－PumPellyite or underthe zeolite facies

COnditions，CauSlng difficultiesin discrimination
between detritalandmetarporphicminerals．

Morton（1984）symmarizedtheorderofdissolu－
tion of detrital mlneralsin deeply varied sedi－

ments．Indeepmarine sediments，Zircon，tOurma－

line，garnet and apatite are resistant　minerals，

Whereas pyroxenes，amphibole，epidote and titanite

are decomposed at the shallowerlevels than the

former．In the Shimanto and Mino belts，Japan，
Which represent typical subduction complexes，

epidote，PumPellyiteand titanite have not been
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Fig・2Modalproportion ofrepresentative heavy andlight mineralsin the sandstones from the Torlesse terrane．
Mineral abbreviations arethe same asin Tablel．

found as a detritalminerals（Yokoyama unpub－
lished）．Since　the Torlesse terrane should have

been depositedin somewhat deep marine condi－

tions as a deep sea deposit，ePidote，PumPellhte
and titanite may have already been decomposed

before the weak metamorphism．Accordingly，
among the maJOr heavyminerals，detritalminerals

are garnet，Zircon，aPatite andilmenite，While

epidote，PumPellyite，and titanite are metamorphic．
In the Paleogene sandstones from the McKee
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崇議d慧慧精霊㌢geS：慧箭悪誌t‡：（e鷲諾悪路智芸禁盗莞r浣in霊霊監禁
tween quartz and feldspar・d：aggregate Offine一grainedpumpellyite andepidote・

Formation，nOrtheast of Palmaston North，New

Zealand，garnet，Zircon，tOurmaline，apatite and

Ti02POlymOrPhs are pFeSerVed（Smale＆Morton

1987）．Epidote and amphibole are scarcely pre－

served．　Rare preservation of hornblendein the

Torlesseterrane，therefore，indicatesthe possibility

that epidote　and titanite gralnSin this terrane

have also been rarely preserved a＄detritalminer－

als．

Amongthe studied samPles，One SamPle，NZ19

from the greenschist facies，COntains abundant

actinolite（Tablel）．0ther samples are from
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Fig，4　GarnetcompositionsplottedinCa－Fe－Mg andMn－Ca－（Fe＋Mg）diagrams．Garnetcompositionsfrom Ant－
arctic，Frazer Gneiss and granitein Westland are summarisedin the top diagrams．Data from Antarctic：
Asami et al．（1990），Matsubara＆Motoyoshi（1985）and others．Data from Frazer gneiss and granite：Mason
（1981）and Smale＆Morton（1987）．

the prehnite－pumPellyite or zeolite facies according continuous from the Older to Younger Sub－

to Landis＆Coombs（1967）and Landis＆Bishop terranes．　However，mOdal proportions of meta－

（1972）．Metamorphic gradeis considered to be morphicmineralsarelargely different betweenthe
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01der and Younger Subterranes．　As shownin
Fig．2and Tablel，ePidote contentislow and

PumPellyiteis rarein the eastern part of the
Older terranes．　Prehnite is observed in　the

Prehnite－PumPellyite zone of Landis　＆　Coombs

（1967），butin this areait occurs only as a vein

mineral．　Laumontiteis not restricted to the

Younger Subterrane．It also occurs sporadically
in the Older subterrane．　　Such occurrences of

metamorphicminerals may be explained due to

differencesin bulk chemicalcompositions or retr0－
gressive metamorphism．Althoughfurther reglOnal

WOrkis required to confirm whether suchlow

modal proportion of metamorphicmineralsin the

eastern reglOn Of the Older subterraneis wide－
SPread，itislikelythatthemetamorphismwasnot

COntinuous from the Younger to Older Torlesse
terranes．

The ratio ofgarnet to zirconis mostly higher
thanl．Oin the Younger Torlesse andisless than
O．5in the Permian sandstones in　the Older

Torlesse（Fig・2）・Suchadifferen？eiseither due
to an effect of provenance，reflectlng the scarcity

Of garnetsin　the provenance of the Permian

rocks，and／or that ofdissolutionor．replacement
Ofgarnets by chlorite during diagenesIS and meta一

morphism．Garnets are commonly surrounded by
Chloritein some Permian rocks，but other Permian

SamPles do not show such replacement or dissoluq

tiontexture．EventhoughCa－richgarnetwere de－
COmPOSed selectively during diagenesis，Ca－POOr

garnets are preservedin such condition as wellas

Mn－rich ones（Smale＆Morton1987）．Garnetsin

thePermianrocksare clearly differentin composi－
tion from thosein the Triassic and LateJurassic

fOEarlyCretaceousrocks（Fig・4）・Therefore，it
lS PrObable that the differencein the ratiois due

to the provenance effect of the sandstones rather

than the dissolution and replacement．

The compositional variation of garnet from

the Permian sandstones cannot be explained by

preferential decomposition of garnets similar to
those in the Jurassic－Cretaceous and Triassic

terranes and the East Antarctic．　Garnets from

the Permian rocks have spessartine component up

to60％（Fig．4），Simi1ar to those from the McKee

Formation（Smale＆Morton1987）．As discussed

forMn－richgarnets bySmale＆Mort？n（1987），
garnet from the Permian rocks are slmPly ex－

Plairled to be derivatives from granitic rocks．It

is also clear that the Triassic－Cretaceous garnets
were not derived fromthe Antarctic and were not

reworked gralnS from the Permian rocks．Wide

COmPOSitional variation of garnets fromJurassic

to Cretaceous rocks shows that they were derived

from various types of metamorphic and granitic

rocks．The restricted＿COmPOSitional range of the

Triassicgarnetsisduetolesserdegreeofcontribu－

tionfromgraniticrocks．

Ireland（1991）obtainedisotope ages of detrital
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Zirconsin a sandstone fromthe Permian reglOn．
Distributionofthe ages has a strong peak at250

Ma and a weak peak at530Ma．　On the basis

Of the age，analysIS Of each zircon grainin the

sandstones，ⅥIreland（1991）discussed the prove－

nance of the constituent in　the Torlesse

Sandstones．Present analyses of detrital garnets

COuld not designate the source rocks of detrital
mineralsin the Torlesse sandstones．　Further

WOrk should be concentrated onthe age analyses
of detrital zirconsin sandstones as didIreland

（1991）．
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