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Explanatory　Text　of　Geological　Map

　　　　　　　　　　　　　　　　　of

　　　　　Akebono　Rock，　Antarctica

Yoshikuni　HIRoll），　Kazuyuki　SHIRAIsHI2）and　Kiyotaka　SAsAKI3）

1．Intmduction

　　　The　Akebono　Rock　is　a　small　ice－fYee　area　located　at　42°54’－43°00’E　in　Iongitude

and　68°05ノー06’S　in　latitude　on　the　Prince　Olav　Coast．　The　bedrock　is　exposed　fbr　about

4km　along　the　coastal　line　and　about　l　km　in　width．　The　geological　survey　of　the　area

was　carried　out　by　Y．　HIRol　and　K．　SAsAKI　of　the　22nd　Japanese　Antarctic　Research

Expedition（JARE－22）and　K．　SHIRAIsHI　of　JARE－21　in　January　1981．　The　geomor－

phological　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　Akebono　Rock

appears　in　the　topographic　map　of‘‘Akebono　Rock”on　a　scale　of　l：25000　which　was

published　in　February　1983．　An　orthophoto　map　of　about　1：10000　in　scale　was　pre－

pared　for　the丘eld　survey．　It　is　the　striking　fξature　of　the　ice－free　area　that　in　the

topographically且at　parts　rocks　are　highly　f㌃actured　in　pieces（Plate　3），　so　that　the　strike

and　dip　of　the　rocks　are　di伍cult　to　be　determined．　This　may　be　the　result　of　intensive

weathering　after　glacial　erosion．

2．　Geology

2．1．　（7〈ヲηθrσ1

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

granites，　and　pegmatites．　The　most　remarkable　fbature　of　the　bedrock　exposure　is　the

occurrence　of　both　well－recrystallized　and　slightly－recrystallized　dike　rocks　of　basic－

intermediate　compositions（Plate　lb，　Plate　2，　Plate　7b，　and　Plate　9）．　It　fbllows　that　there

were　two　stages　of　dike　intrusion　in　this　bedrock　exposure；before　or　during　the　regional

metamorphism，　and　after　the　regional　metamorphism　but　befbre　the　emplacement　of

pink　gneissose　granite．　The　occurrence　of　garnet－bearing　white　granite－pegmatite　and

the　existence　of　a‘‘shear　zone”are　also　notable　f⑥atures　of　the　ice－free　area．

　　　　Two　stages　of　fblding　have　been　recognized　in　the　Akebono　Rock；the　earlier　tight

丘）lds　trending　NW－SE　and　the　later　open　to　close　folds　with　the　axial　trends　of　nearly

BW．　Such　a　superimposed　folding允ature　of　the　basement　rocks　in　the　ice－free　area

is　in　common　to　those　of　other　bedrock　exposures　throughout　the　Prince　Olav　Coast

（SHIRAIsHIσα1．，1983）．

　　　　Cummingtonite　occurs　in　both　the　well・layered　gneiss　of　appropriate　bulk　chemical
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composition　and　the　well－recrystallized　dike　rock，　but　no　orthopyroxene　has　been　fbund．

Therefbre，　it　is　sa允ly　concluded　that　the　bedrock　exposure　is　within　the　amphibolite－

facies　area　in　the　progressive　metamorphic　sequence　from　the　amphibolite　to　granulite

食tcies　along　the　Prince　Olav　and　S6ya　Coasts（HIRolθταL，1983；SHIRAIsHIθ’αL，1984）．

It　is　worthy　of　note　that　garnet　up　to　3　cm　in　diameter　occurs　commonly　in　various　rock

types；pelitic，　quartzo－feldspathic，　basic－intermediate，　and　calcareous　in　bulk　chemical

composltlon．

乃ゐ／θ1．　C乃θ〃πα～1αηαんぷθ3q∫rOCん∫ρ0〃2功θ∠fんθ60〃o　ROCん．
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0．59
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Analyst A A A A A A B A A
No．1．

　　　2．

　　　3．

　　　4．

　　　5．

　　　6．

　　　7．

　　　8．

　　　9．

81AKO3
81AK47
81AKO1
81AK66
81AK71
81AKO6
81011808

81AK28
81AK63

Garnet－biotite　gneiss

　　　　　〃

Garnet，biotite・hornl）1ende　gneiss

Blotite－homblende　gneiss

Garnet－biotite　amphibolite（amphibolite　I）

Cummingtonite－bearing　amphlbolite（amphlbollte　II）

　　　　　　　　　　　　　　〃

Garnet・bearing　granlte

Meta－andesitlc　dike

Analyst　A：Japan　Chemical　Analysis　Center

　　　　　　B：　TEzuKA　and　ONuKI
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　　　The　basement　rocks　of　the　Akebono　Rock　are　classi丘ed　into　the　following　types

based　on　the　mode　of　occurrence　and　petrographic　characteristics．
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1
2
3
4
5
6
7
8
9

BIOtlte　gneiSS

Garnet－biotite　gneiss

Biotite－hornblende　gneiss

Calc－silicate　rock

Amphibolite　I（we11－layered　gneiss）

Amphibolite　II（well－recrystallized　dike　rock）

Garnet－bearing　white　granite　and　pegmatite

Basalt－andesite（slightly　metamorphosed　dike　rock）

Pink　gneissose　granite　and　pegmatite

Representative　bulk　chemical　compositions　of　the　rocks　are　presented　in　Table　l．

2．2．　（7ε0109アαη4ρe〃ogr卯乃γ

2．2．1．　Biotite　gneiss

　　　　1）　Biotite　gneiss：　This　is　a　fine－to　coarse－grained　rock　with　lepidoblastic　to

granoblastic　textures．　It　also　varies　from　melanocratic　to　Ieucocratic　according　to　the

modal　amount　of　biotite．　This　rock　usually　occurs　as　well－layered　gneiss，　but　it　some．

times　shows　a　migmatitic　mode　of　occurrence（Plate　4a）．　The　constituent　minerals

are　biotite，　plagioclase，　K－feldspar，　and　quartz，　with　minor　amounts　of　apatite，　zircon

and　opaque　mineral（s）．

　　　　2）　Cummingtonite－hornblende－bearing　biotite　gneiss：This　rock　occurs　locally

alternating　with　the　biotite　gneiss　described　above．　It　is　characteristically　pale　brow－

nish　green　in　hand　specimen　due　to　the　colored　fbldspar　and　quartz　just　like　the　case

of　pyroxene　gneiss　in　the　granulite－facies　area．　Greenish　brown　cummingtonite　is

identi丘ed　with　the　naked　eye　on　the　f｝esh　surf乞ce．　Black　biotite　occurs　as　porphyro－

blasts　sporadically　distributed　in　the　rock　The　constituent　minerals　are　cummillg．

tonite，　hornblende，　biotite，　plagioclase，　quartz，　apatite，　zircon，　and　opaque　mineral（s）．

Under　the　microscope，　colorless　cummingtonite　and　green　hornblende　are　intergrown

with　each　other（Plate　7a）．

2．2．2．Garnet－biotite　gneiss

　　　　l）　Garnet－biotite　gneiss：　This　rock　shows　granoblastic　to　porphyroblastic　tex『

tures．　Garnet　sometimes　occurs　as　porphyroblasts，　up　to　2　cm　in　diameter，　with　a

snowbal　texture．　In　the　central　to　western　parts　of　the　bedrock　exposure，　garnet－

biotite　gneiss　is　closely　associated　with　the　garnet－bearing　white　granite　and　pegmatite，

showing‘‘injection　gneiss”－like　mode　of　occurrence．　The　constituent　minerals　are

garnet，　biotite，　plagioclase，　quartz，　apatite，　zircon，　and　opaque　minerals　with　or　with－

out　K．－fddspar、

　　　2）　Sillimanite－garnet－biotite　gneiss：This　rock　occurs　only　rarely　in　the　bedrock

exposure．　Sillimanite　is　usually　present　in　a　small　amount　within　the　matrix　and　as

inclusions　within　plagioclase　and　garnet　in　non－to　weakly－mylonitized　rocks，　whereas

it　is　completely　replaced　by　muscovite　in　a　highly－mylonitized　rock　with　silky　luster

（Plate　8a）．　The　constituent　minerals　are　similar　to　those　of　the　garnet－biotite　gneiss

described　above　except　for　the　occurrence　of　sillimanite　or　its　altered　product，　muscovite．
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2．2．3．　Biotite－hornblende　gneiss

　　　　l）　Biotite－hornblende　gneiss：Biotite－hornblende　gneiss　and　amphibolite　I　are　the

most　common　rock　types　in　this　bedrock　exposure，　and　alternate　with　and　change

gradually　to　each　other．　Biotite－hornblende　gneiss　is　a丘ne－to　coarse・grained　and　mas－

sive　to　wel1－fbliated　rock．　It　sometimes　contains　magnetite．porphyroblasts，　up　to　5　mm

in　diameter，　which　are　surrounded　by　plagioclase．　The　constituent　minerals　are　bio－

tite，　hornblende，　plagioclase，　quartz，　apatite，　zircon，　and　opaque　mineral（s）with　or

without　sphene．

　　　　2）　Garnet－biotite－hornblende　gneiss：This　rock　dif騰rs　fξom　the　garnet－f十ee　bio－

tite－hornblende　gneiss　described　above　only　in　the　presence　of　gamet．　Garnet　occurs

sporadically　as　highly　poikilitic　porphyroblasts　up　to　3　cm　in　diameter．

2．2．4．　Calc－silicate　rock

　　　　This　rock　occurs　as　rounded　to　lensoid　blocks　included　in　other　well－layered　gneisses

（Plate　5a）．　The　block　varies　in　size　ffom　several　cm　to　several　m．　It　is　usually　com－

posed　of　garnet（grandite），　clinopyroxene，　hornblende，　An－rich　plagioclase，　quartz，　and

sphene　with　or　without　opaque　mineral（s）．　Secondary　epidote　is　also　present　in　many

cases，　replacing　Plagioclase　and　garnet．

2．25．Amphibolite　I

　　　　Amphibolite　I　is　predominant　in　the　bedrock　exposure，　as　mentioned　above．　It

sometimes　occurs　as　blocks　included　in　pink　gneissose　granite（Plate　3）．　In　such　a　case，

both　homblende　and　plagiodase　show　alteration　to　various　degrees．　Amphibolite　I　is

subdivided　into　two　as　fbllows．

　　　　1）　Clinopyroxene・bearing　amphibolite　I：This　is　a　fine－to　coarse－grained　and

well－foliated　to　massive　melanocratic　rock．　It　occasionally　contains　plagioclase　por－

phyroblasts　up　to　several　mm　in　diameter．　The　coarse－grained　massive　one　seems　as

if　it　is　hornblende　gabbro．　The　constituent　minerals　are　clinopyroxene，　hornblende，

plagioclase，　and　a　trace　amount　of　apatite　with　or　without　quartz，　sphene，　opaque

mineral（s），　and　biotite．　It　seems　that　garnet　does　not　occur　and　biotite，　if　present，

occurs　only　in　a　trace　amount　in　the　clinopyroxene－bearing　amphibolite．

　　　　2）　Garnet－bearing　amphibolite　I：This　rock　is　nlore　common　than　the　clino－

pyroxene－bearing　amphibolite　I．　In　genera1，　it　is且ne－to　medium－grained　and　well－

foliated．　Garnet　usually◎ccurs　as　euhedral　to　subhedral　porphyroblasts　up　to　3　cm

in　diameter，　which　sometimes　show　a　snowball　texture．　On　the　other　hand，　it　is　not

uncommon　that　garnet　occurs　as　anhedral　aggregates　constituting　thin　layers　rich　in

garnet．　Garnet－bearing　amphibolite　I　is　composed　of　garnet，　hornblende，　biotite，　plagio－

clase，　sphene，　apatite，　and　zircon　with　or　without　quartz．

22．6．Amphibolite　II
　　　　This　rock　occurs　as　meandering　dikes　within　the　well－layered　gneisses　in　the　eastern

part　of　the　bedrock　exposure（Plate　2），　and　was　completely　recrystallized　together　with

the　country　gneisses　during　the　regional　metamorphism．　Amphibolite　II　is　a　fine－to

medium－grained　rock　with　a　granoblastic　texture．　It　characteristically　contains　cum－

mingtonite，　reθecting　the　P－T　conditions　of　the　regional　metamorphism　and　probably

its　relatively　aluminous　bulk　chemical　composition．　The　constituent　minerals　are　cum．

mingtonite，　hornblende，　biotite，　plagioclase，　quartz，　apatite，　zircon，　and　opaque　minerals．

Garnet　is　an　additional　phase　in　some　cases．　Under　the　microscope，　colorless　cum．
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mingtonite　and　green　hornblende　are　intergrown　with　each　other．

2．2．7．　Garnet－bearing　white　granite　and　pegmatite

　　　These　rocks　occur　mainly　in　the　central　to　western　parts　of　the　Akebono　Rock

as　concordant　to　discordant　masses，　pools，　and　veins．　They　characteristically　contain

garnet　in　addition　to　biotite　and　muscovite．　Occasionally　they　also　contain　corundum，

spinel，　and　sillimanite，　which　are　entirely　included　in　muscovite　or　garnet．　Thus，　these

rocks　have　characteristics　of　the　S－type　granite，　and　may　be　of　anatectic　origin　during

the　regional　metamorphism・It　is　signi丘cant　that　they　commonly　show　deformed（my－

lonitized）textures　which　are　usually　absent　in　the　pink　gneissose　granite　and　pegmatite

（Plate　8c）．

2．2．8．　Basalt－andesite

　　　　These　rocks　occur　mainly　in　the　eastern　part　of　the　bedrock　exposure，　cutting　the

high－grade　metamorphic　rocks　including　amphibolite　II（Plate　2）・They　are　dark　gray，

dark　brown，　or　dark　green　and　very五ne－to　6ne－grained　massive　rocks．　The　87Sr／86Sr

ratios　of　the　rocks　are　characteristically　Iow（Table　2）．　These　rocks　have　been　thermally

metamorphosed　to　various　degrees　according　to　the　distance　f逢om　the　pink　gneissose

granite．　However，　they　usually　preserve　igneous　textures　and　contain　two　igneous

pyroxenes　in　many　cases（Plate　9）．　Green　to　brownish　green　hornblende　usually　sur．

rounds　the　igneous　pyroxenes．　No　evidence　of　mylonitization　has　been　fbund　in　these

rocks　as　well　as　pink　gneissose　granite　and　pegmatite．

品61θ　2．　R6．51γαηθ力～’∫cα1ぬ’αノ∂rぷ1τξ乃τみノ〃2θτα〃20ゆん05ε4δαぷα”一αη漉ぷゴτε∂匡Xeγocκ5．

Sample　No． Rb（ppm） Sr（ppm） 87Rb／86Sr 87Sr／86Sr

81011805

81011810

81AK63

1．71

4．13

1．47

455．9

282．3

407．9

0．011

0．042

0．010

0．70339±0．00014

0．70469±0．00008

0．70349土0．00013

Analyst：Teledyne　Isotopes

2．2．9．Pink　gneissose　granite　and　pegmatite

　　　　These　rocks　are　extensively　intruded　in　two　parts，　central　and　western，　in　the

bedrock　exposure．　Pink　gneissose　granite　sometimes　contains　abundant　blocks　of　the

country　rocks　such　as　amphibolite　I　and　biotite－hornblende　gneiss（Plate　3），　while　pink

pegmatite　rarely　contains　garnet・

2．3．　Gθ0109’cぷτr〃c鋤rθ∫

　　　　The　most　conspicuous　macroscopic　structure　of　the　Akebono　Rock　is　a　tight　and

nearly　upright　syn負）rm　which　trends　NW－SE　in　the　eastern　part（Plate　l　a）．　The　axial

trace　of　the　synfbrm　is　convex　toward　east　resulting　from　the　E－W　trending　later　R）1ding．

　　　　Foliation　of　the　gneisses　which　is　shown　by　the　alternation　of　fblsic　and　mafic　Iayers

is　generally　distinct・Foliation　generally　trends　NNW－SSE　and　steeply　dips　east　and

west．

　　　　On　a　mesoscopic　scale，　two　kinds　of　the　folding　axes　are　observed；the　earlier

NW－SE　and　the　later　WNW　to　ESE－WSW　to　ENE　trends．　The　earlier　fblding　axis

roughly　parallels　the　axial　trace　of　the　major　synfbrm　of　the　eastern　part，　and　the　styles
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of　the　earlier　fblds　are　variable（Plate　6）．　The　later　fblds　are　generally　open　to　close，

and　their　fbld　axes　plunge　40°to　80°E．

　　　　Ashear　zone　which　trends　E－W　traverses　the　central　to　western　parts　of　the　Ake－

bono　Rock．　Mylonitic　gneisses　and　granites　o㏄ur　along　the　zone．

　　　　Aright－lateral伽lt　trending　NE－SW　is負）und　in　the　eastern　part．　The　strike　slip

is　about　5　m．　The　exact　contact　of　the　fault　plane　is　missing　due　to　eroslon．
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