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Explanatory　Text　of　Geological　Map

of

Tenmondai　Rock，　Antarctica

Kazuyuki　SHIRAIsHI1），　Yoshikuni　HIRol2＞，　Kiichi　MoRlwAKI1），

　　　　　　　　　Kiyotaka　SAsAKI3）and　Hitoshi　ONuKI4）

1．Intmduction

　　　The　Tenmondai　Rock　is　a　smalhce－free　area　located　at　68°24／Sin　latitude　and

41°45／Ein　longitude　on　the　Prince　Olav　Coast．　The　bedrock　is　exposed　for　about

3km　along　the　coastal　line　and　about　l　km　in　width．　The　geological　survey　of　the

area　was　begun　by　K．　SHIRAIsHI　of　the　21st　Japanese　Antarctic　Research　Expedition

（JARE－21）in　September　1980，　and　completed　by　Y．　HIRol　and　K．　SAsAKI　of　JARE－

22and　K　SHIRAIsHI　in　January　1981．　The　geomorphological　survey　was　done　by　K．

MoRlwAKI　of　JARE－22　and　a　geodetic　survey　was　conducted　by　the　Geographical

Survey　Institute　at　the　same　time．　The　Tenmondai　Rock　appears　in　the　topographic

maps“Naga・iwa　Rock”and“Gobanme　Rock”on　a　scale　of　1：25000　which　were

published　in　March　l982．　An　orthophotomap　of　about　l：iOOOO　in　scale　was　pre－

pared　for　the丘eld　survey．　Since　the　rock　is　too　small　to　describe　the　results　of　the

survey　in　detail，　the　geological　maps　of　the　two　dif丘rent　scales（1：25000　and　about

1：10000）are　shown　in　this　issue．

2．　Geomo叩hology

　　　　The　Tenmondai　Rock　is　bounded　by　the　Higasi－naga－iwa　Glacier　on　the　west．

To　the　east　several　small　rock　exposures（Narabi　Rocks），　each　of　whlch　is　several　hund－

red　meters　wide，　are　scattered　along　the　coast．

　　　　The　ice－fヤee　area　shows　fらirly　smooth　topography　below　the　height　of　lOO　m　above

sea　level，　slopes　down　to　the　sea，　and　terminates　with　steep　slopes．　There　is　no　beach

deposit　even　on　the　seashore．　NW－SE　and　NE－SW　relief　features　develop　in　the　area

but　this　relief　is　not　striking．　Their　trend　reflects　the　strike　of　foliation　and　the

joint　system　of　gneissic　basement　rocks．　A　bank　of　shear　moraine　lies　on　the　ice

sheet　close　to　the　upper　margin　of　the　ice－f士ee　bedrock　area．　Boulders　of　various

sizes　occur　as　scattered　ground　moraines　on　the　bedrock．　Honeycomb　weatherlng　ls

found　on　the　bedrock　and　boulders　in　and　on　ridges　and　coastal　part．　Nevertheless，

many　glacial　striae　remain　in　the　whole　area．　Glacial　striae　are　of　uniform　direction
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of　NW－SE，　crossillg　perpendicularly　to　the　coastal　line．　Periglacial　phenomena　such

as　patterned　ground　and　block　fields　are　not　developed　well　in　this　area．

3．　Geology

3．1．Ge〃εM～

　　　　The　Tenmondai　Rock　is　underlain　by　well－layered　gneisses，　migmatitic　rocks，

grallite　and　pegmatite．　Among　the　metamorphic　rocks　biotite－hornblende　and　horn・

blende・biotite　gneisses　are　predorninant，　and　lesser　amounts　of　garnet－biotite　gneiss

and　amphibolite　are　intercalated．　Concordant　sheets　of　pink　gneissose　granite　occur

locally．　Reddish　brown　granite　and　pegmatite　intrude　widely　along　the　f㌃acture　system

of　the　well－layered　and　migmatitic　rocks．

　　　　Extensive　migmatization　extends　froln　the　central　to　the　western　part　of　the

bedrock　exposure　and　is　the　most　characteristic　feature　of　the　area．　The　migmatitic

rocks　show　dome　structures，　the　core　of　one　of　which　is　a　relatively　homogene皿s，

leucocratic，　and　massive　rock　of　granodioritic　composition．　In　addition　to　the　dome

structure　of　the　mignlatitic　rocks，　conspicuous　tight　synfbrm　and　antiform　structures

are　observed　at　Torihara　Heights　and　Dome　Rock，　respectively，　in　the　wel1－layered

gneiss　region（Plate　I　b　and　2）．　SmalLscale　undulations　are　seen　throughout　the　bed－

rock　exposure．　Therefbre，　the　total　th▲ckness　of　the　well－layered　and　migmatitic　rocks

may　be　no　more　than　several　hundreds　meters　as　illfξrred　from　the　geologic　pro五le．

　　　　Aluminous　garnet－biotite　gneiss　usually　contains　bo出kyanite　and　sHllmanite

（HIRolθ∫α1．，1983）．　As　will　be　described　later，　kyanite　always　occurs　as　inclusions

in　garnet　and　plagioclase，　suggesting　that　it　is　a　metastable　relic　fbrmed　at　an　early　stage

of　prograde　metamorphism　of　the　kyanite－sillimanite　type．　Moreover，　andalusite

rarely　occurs　in　the　kyanite－sillimanite－bearing　gneisses　which　are　cut　extensively　by

the　reddish　brown　granite　and　pegmatite（HlRolετα1．，1983）．　The　6eld　evidence　and

the　mode　of　occurrence　of　andalusite　when　seen　in　thin　section　under　the　microscope

suggest　that　andalusite　was　formed　by　the　thermal　metamorphism　of　the　reddish　brown

granite　and　pegmatite　under　conditions　dif【ξring　from　the　earlier　regional　metamor－

phism．

　　　　Orthopyroxene　is　the　diagnostic　mineral　of　the　granulite血cies　and　occurs　6rst

in　this　bedrock　exposure　in　the　progressive　metamorphic　sequence　fTom　northeast　to

southwest　along　the　Prince　Olav　Coast（SHIRAIsHI訂α1．，1984）．　However，　it　is　very

rare　in　occurrence　in　this　bedrock　exposure．

　　　The　basement　rocks　are　classi6ed　into　the　following　types　based　on　the　mode　of

occurrence　and　petrographic　characteristics．

　　　　i．　Garnet－biotite　gnelss（Ggb）
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1．3．
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Biotit卜h

Amphibolite（Am）

3．1．　Orthopyroxene　alllphibolite

Garnet－biotite　gneiss

Gedrite－garnet－biotite　gneiss

Kyanite－bearing　sillimanite－garnet－biotlte　gneiss

Andalusite－kyanite－bearing　sillimanite－garnet－biotite　gneiss

　　ornblende　gneiss　and　hornblende－biotite　gneiss（Gbh，　Mbh）
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0．78

0．46

0．07

Analyst　　　A A A A A A　　　　B C　　　　A A
No．　i．

　　　　2．．

　　　　3．

　　　　4．

　　　　5．

　　　　6．

　　　　7．

　　　　8．

　　　　9．

　　　10．

　　　11．

Analyst；

81012406

80T15
81012301

81T136
81T126
81012509A

80T21
81012409

81012514A

81012514］B

80T32
A： H．ONUKI　and　M．　TEZUKA，

Biotite　amphibolite

Scapolite－bearing　clinopyroxene　amphibolite

Scapolite－bearing　clinopyroxene　amphibolite

Clinopyroxene－quartz－bearing　biotite　amphibolite

Clinopyroxene－bearing　biotite　amphibolite

8iotite－quartz－bearing　clinopyroxene　amphibolite

Biotite・homblende　gneiss

Andalusite－kyanite－beaぽ輌ng　siniman▲te－garnet－biotite　gneiss

Gedrite・gamet－biotite　gneiss

Spine1－bea工輌ng　gamet－biotite　gneiss

Gamet－biotite　gneiss

　　　　　　　　　　　　　　B：Japan　Chemical　Analysis　Center，　C： T．HIRANO．
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　　　3．2．　Biotite　amphibolite

　　　3．3．Clinopyroxene　amphibolite

4．Granodioritic　migmatite（Mg）

5．　Pink　gneissose　granite（Gg）

6．　Reddish　brown　granite　and　pegmatite（Gr，　P）

Representative　bulk　chemical　corrlpositions　of　the　rocks　are　presented　in　Table　L

32．　（7ε0109γα〃∠’1）e〃ogr卯力y

3．2．1．　Garnet－biotite　gneiss

　　　　l）　Garnet－biotite　gneiss：　Garnet－biotite　gneiss　occurs　mainly　in　the　eastern

and　western　parts　of　the　bedrock　exposure　as　a　well－layered　gneiss　in　co句unction　with

other　gneisses．　It　also　occurs　as　thin　layers　up　to　several　meters　thick　in　the　central

part　where　migmatitic　rocks　predominate．　The　garnet－biotite　gneiss　typically　shows

abanded　structure　of　alternating　thin　layers　up　to　2　cm　thick，　rich　in　ma6c　minerals

and　rich　in　fdsic　minerals．　The　constituent　minerals　of　the　conlmon　Al－poor

garnet－biotite　gneiss　are　garnet，　biotite，　plagioclase，　quartz，　apatite，　zircon　and　opaque

minerals　with　or　without　K一允1dspar．　Muscovite，　chlorite，　and　calcite　are　also　present

in　small　amounts　as　secondary　minerals．　Garnet　usually　occurs　as　porphyroblasts　up

to　l　cm　in　diameter，　and　occasionally　shows　a‘‘snow　ball”texture．　Garnet－biotite

gneiss　includes　some　varieties　as　follows．

　　　2）　Gedrite－garnet－biotite　gneiss：This　rock　occurs　only　in　the　central　part　of　the

exposure　together　with　gedrlte－free　garnet－biotite　gneiss．　It　is　composed　of　gedrite，

garnet，　biotite，　plagioclase，　quartz，　magnetite，　apatite，　zircon，　and　pyrite．　Trace

amount　of　green　spineいs　also　present　in　close　association　with　magnetite．　Gedrite

is　usually　replaced　by　brown‘‘pinite”partially．

　　　　3）　Kyanite－bearing　s川imanlte－garnet－biotite　gneiss：This　rock　is　developed

mainly　in　the　eastern　part　of　the　bedrock　exposure．　Constituent　minerals　are　spinel，

kyanite，　sillimanite，　garnet，　biotite，　plagioclase，　K一丘ldspar，　quartz，　apatite，　zircon，

and　opaque　minerals．　Secondary　muscovite，　chlorite，　and　calcite　are　also　present　in

small　amounts．　Spinel　and　kyanite　always　occur　as　inclusions　in　garnet　and　plagio－

clase，　and　are　never　in　direct　contact　with　quartz（Plate　8b）．　On　the　other　hand，

sillimanite　is　in　contact　with　most　minerals　present．　Therefbre，　kyanite　is　a　metastable

reUc　formed　at　an　early　stage　of　prograde　r㏄rystallization　of　the　rock．　The　close

association　spine1十kyanite十garnet　is　the　dehydrated　equivalent　of　staurolite，　which

is　known　to　occur　in　the　eastern　part　of　the　Prince　Olav　Coast（HIRolε’α1．，1983）．　This

suggests　that　staurolite　broke　down　in　the　kyanite　stability　field　during　the　prograde

recrystallization　of　the　rock．

　　　4）　Andalusite－kyanite－bearing　sillimanite－garnet－biotite　gneiss：This　rock　occurs

in　the　eastern　part　of　the　bedrock　exposure，　and　belongs　to　the　same　stratum　of

kyanite－bearing　sillimanite－garnet－biotite　gneiss　mentioned　above．　The　significant　field

evidence　is　that　the　rock　is　cut　by　the　reddish　brown　granite　and　pegmatite．　Under

the　microscope，　andalusite　occurs　in　a　small　amount，　being　accompanied　by　musco－

vite．　It　occasionally　includes　sillimanite（Plate　8c）．　Therefore，　it　is　saf司y　concluded

that　andalusite　was　formed　by　the　thermal　metamorphism　of　the　reddish　brown

granite　and　pegmatite．
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3．2．2．　Biotite－hornblende　gneiss　and　hornblende－biotite　gneiss

　　　　These　gneisses　predominate　in　this　bedrock　exposure．　Although　biotite－horn－

blende　gneiss　is　more　abundant　than　hornblende－biotite　gneiss，　these　rocks　are　closely

intercalated．　Both　show　a　well－1ayered　structure　with　other　rocks　and　also　a　banded

structure　of　alternating　salic　and　mafic　layers　up　to　a　fξw　cm　in　thicklless．　These

structures　are　distinct　in　the　eastern　and　western　parts　of　the　area，　but　on　the　other

hand，　they　are　often　ambiguous　in　the　central　part　where　extensive　migmatization

occurs．　Here　vari卯s　nligmatitic　structures　such　as　surreitic，　schollen，　stromatic，

schlieren　and　nebulitic　are　observed（Plates　3－6），　The　leucosome　of　the　migmatitic

rocks　is　generally　granodioritic　in　composition．　Constituent　minerals　are　biotite，

hornblende，　plagioclase，　K－fbldspar，　quartz，　apatite，　zircon，　and　opaque　minerals．

Secondary　tremolite，　chlorite，　muscovite，　and　calcite　are　also　present　in　small　amounts．

3．2．3．　Amphibolite

　　　　Amphibolite　occurs　as　concordant　thin　layers　up　to　a　fξw　tens　of　meters　thick　with

other　well－layered　gneisses　and　as　boundinages，　pods，　and　agmatitic　blocks　in　the　mig－

matitic　rocks．

　　　　1）　Orthopyroxene　amphibolite：This　rock　occurs　as　a　paleosome　within　nligma－

titic　biotite－hornblende　gneiss．　It　ls　recognized　with　the　naked　eye　by　brown　ortho－

pyroxene　associated　with　dark　green　hornblende，　black　biotite，　and　pale　greenish　brown

plagioclase．　Under　the　microscope，　orthopyroxene　occurs　as　anhedral　poikiloblastic

and　granoblastic　grains，　and　sometimes　includes　hornblende（Plate　gb）．　It　shows　very

strong　pleochroism．　The　rock　is　quartz一丘ee　and　contains　as　accessory　minerals

ilmenite，　magnetite，　apatite，　zircon，　and　pyrite．　Representative　microprobe　analyses

of　the　constituent　minerals　are　listed　in　Table　30f　SHIRAIsHIθτ〃．（1984）．

　　　　2）　Biotite　amphibolite：This　is　the　most　common　type　of　amphibolite　in　the

present　area，　and　is　a　medium－grained　rock　with　granoblastic　to　lepidobIastic　textures．

The　usual　constituent　minerals　are　hornblende，　biotite，　plagioclase　with　or　without

K一允ldspar　and　quartz．　Garnet　is　sometimes　found（Plate　lOa）．　Accessory　minerals

are　sphene，　apatite，　zircon，　and　opaque　minerals，　Secondary　chlorite，　tremolite，　and

magnesite　are　also　present　in　small　amo皿ts．　Plagioclase　in　quartz－free　rocks　is　often

zoned　chemically．

　　　　3）　Clinopyroxene　amphibolite：This　rock　is　melanocratic　and　fine－to　medium－

grained．　The　constituent　minerals　are　cUnopyroxene，　hornblende，　plagioclase，　apatite，

zircon，　and　opaque　minerals　with　or　without　K－feldspar，　quaftz，　scapolite　and　bio－

tite．　Plagioclase　in　quartz－free　rocks　is　often　zoned　chem三cally．　Scapolite　occurs

only　in　rocks　f十ee　from　quartz．　In　some　cases，　the　rock　is　extremely　poor　in　AI　and

tremolite　and　phlogopitic　biotite　occur　instead　of　common　hornblende　and　biotite

（Plate　10b）．

3．2．4．Granodioritic　migmatite

　　　　Arelatively　homogeneous，　leucocratic，　and　medium－to　coarse－grained　rock　of

granodioritic　to　tonalitic　composition　occurs　at　Aka－iwa　Rock　in　the　central　part　of

the　bedrock　exposure．　It　is　located　at　the　core　of　the　dome　structure　of　the　migmatitic

rocks．　Basic　schlieren　consisting　of　hornblende　and　b輌otite　gives　a　foliated　structure

to　the　rock．　Xenolithic　blocks　of　basic　to　ultrabasic　composition　are　included　in　the
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marginal　part　of　the　granodioritic　migmatite．　This　rock　gradually　changes　to　mig－

matitic　biotite－hornblende　and　hornblende－biOtite　gneisses．　The　constituent　minerals

are　hornblende，　biotite，　plagioclase，　K－fbldspar，　quartz，　apatite，　zircon，　and　opaque

minerals．　Plagioclase　is　often　antiperthitic．　In　some　cases，　tremolitic　amphibole

and　phlogopitic　biotite　occur　instead　of　common　hornblende　and　biotite．　Muscovite

and　chlorite　of　secondary　origin　are　commonly　present　in　smaU　amounts．

3．25．　Pink　gneissose　granite

　　　Pink　gneissose　granite　occurs　locally　both　in　the　well－】ayered　gneisses　and　in　the

migmatitic　rocks．　It　is　a　medium－to　coarse－grained　rock．　The　pink　color　is　due　to

the　presence　of　abundant　K－fξldspar（microcline），　It　consists　of　biotite，　hornblende，

K－fbldspar，　plagioclase，　quartz，　apatite，　zircon，　and　opaque　minerals．　Secondary

muscovite，　chlorite，　and　calcite　are　common．

3．2．6．Reddish　brown　granite　and　pegmatite

　　　It　is　also　a　characteristic　fbature　of　this　bedrock　exposure　that　abundant　reddish

brown　granite　and　pegmatite　dikes　intrude　the　well－layered　and　migmatitic　rocks．　The

thickness　of　the　dikes　ranges　f㌃om　a　f＞w　centimeters　to　a琵w　tens　of　meters．　Small

stocks　and　pools　of　the　granite　are　seen　at　the　southern　clif［’of　Dome　Rock（Plate　2）．

The　dikes　often　intrude　along　one　of　the　fヤactures　of　the　well－layered　and　migmatitic

rocks　trending　NE－SW，　but　it　is　not　uncommon　that　networks　of　the　dikes　cut　the

country　rocks　into　pieces．　Both　the　granite　and　pegmatite　are　composed　of　K－feldspar，

plagioclase，　and　quartz　with　a　small　amount　of　biotite．　Accessory　magnetite　and

ilmenite　and　secondary　muscovjte　and　chlorite　are　also　present．　In　some　cases，

magnetite　and　ilmenite　accompanied　by　small　amounts　of　biotite，　muscovite，　corundum，

plagioclase，　zircon　and　apatite　make　up　a　lens－shaped　body　up　to　40　cm　in　thickness

（Plates　6b　and　lOc）．

3．3．Gε0109’6ぷ∫r〃αμrθ

　　　　Within　the　migmatitic　rock　area，　the　trend　of　foliation　is　variable，　but　a　de負nite

dome　structure　is　observed　at　Aka－iwa　Rock．　On　the　other　halld，　the　foliation　of　the

well－layered　gneisses　consistently　trends　NW－SE．　Dips　are　variabie，　but　those　of

40－85°SW　are　predominant．

　　　　On　a　macroscopic　scale，　a　tight　synform　at　Torihane　Heights　and　a　closed　antiform

at　Dome　Rock　are　consDicuous．　The　latter　is　well　observed　at　the　southern　cli音of
　　　　　　　　　　　　　　　　　　　　ユ

Dome　Rock（Plate　2）．　Disharmonic　folds　develop　at　the　hinge　of　the　antiform．

　　　　Mesoscopic　isoclinal　to　closed　R）lds　are　often　found　in　which　intrafolial　folds　are

not　common．　The　axes　of　isoclinal　to　closed　fblds　plung　lO　to　22°SE，　and　their　axial

planes　usually　incline　westwards．

　　　　Mineral　lineations　are　de6ned　by　the　linear　arrangement　of　ma6c　minerals　such

as　hornblende　and　biotite　or　that　of　prismatic　mineral　like　sillimanite．　These　plunge

in　the　same　direction　as　the　fold　axes．

　　　　On　the　other　hand，　open　folds　with　axial　traces　trending　BW　to　NE－SW　are　occa－

sionally　observed．　The　wavelength　of　such　open　folds　ranges　fヤom　several　decimeters

to　a　fbw　meters．　Thus　the　well－layered　gneisses　have　been　folded，　at　least，　twice．

　　　　In　addition，　both　well－layered　gneisses　and　migmatitic　rocks　are　sometimes　fblded

locally　near　the　reddish　brown　granite　and　pegmatite　dikes（Plate　7a）．　Such　a　local
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deR）rmational　fξature　is　clearly　diHbrent　from　those　mentioned　above，　and　may　be

related　to　the　intrusion　of　the　granite　and　pegmatite．

　　　　Aleft－lateral㌦lt　trending　NE－SW　is負）und　in　the　mignlatitic　rock　area．　The

strike　slip　is　not　more　than　a　fbw　meters．　The　fault　plane　has　been　eroded，　and　there

is　a　trench　filled　with　gravel　at　the　exact　position　of　the　fault．

　　　　Aset　of　joints　with　trends　of　NE－SW　and　NW－SE　are　conspicuous　throughout

the　bedrock　exposure．　Although　the　dips　of　the　joints　are　nearly　vertica1，　the　latter

trend　is　almost　parallel　to　that　of　the　fbliation　of　the　well－layered　gneisses．
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