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Submarine Topography near Syowa Station, Antarctica 

Kiichi MORIWAKI* 

Abstract: An examination of research results of the continental 

shelf near Syowa Station suggests the fluctuations of the Antarctic ice 

sheet in connection with the eustatic change of sea level. 
Bathymetric charts of the areas near East Ongul Island and off the 

western part of the Prince Olav Coast were drawn, on the basis of sound­

ing data of 980 points obtained by the author in 1974. The soundings 
were conducted with the echo-sounder which was developed in 1967 for 
the purpose of sounding from the surface of sea ice. Sampling of bottom 

sediments was attempted at 41 points in Li.itzow-Holm Bay and near 
East Ongul Island, and 15 core samples of mud were obtained. The 

following are revealed by the examination of the charts: 
1) Topographic trends near the Ongul Islands are in the north­

south and east-west directions. They may be ascribed to glacial erosion 

which worked along the structural trend of foliations and joints of gneissic 

bedrock. 

2) The fact that depressions and rises which, on the sea floor near 

the Ongul Islands, obviously extend north-south, suggests that the ice 

of this area in the past flowed from south to north. This direction of ice 
movement differs from the general east-west flow pattern of ice which 

is inferred from the glacial striae on the bedrock of East Ongul Island. 

These facts imply that the pattern of ice flow changed during fluctuation 
of the ice sheet. 

3) The submarine topography near the Ongul Islands is discordant 
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to the landform of the Ongul Islands, as the former shows large relief with 

steep slopes while the latter shows small relief within 40 meters in height. 

However, it remains unsolved whether or not the present sea level played 

a significant role in producing the contrast between subaerial and sub­

marine topographies. 

4) A narrow, long trough runs north-south from the northern 

corner of Liitzow-Holm Bay to off the western part of the Prince Olav 

Coast. This trough excavated the rise at a depth shallower than 200 

meters. The longitudinal profile of the trough shows basin and sill 

topography apparently caused by glacial scouring. The trough is nar­
rower than other troughs, and its north-south trend is discordant to 

the topographic trend of the adjacent areas. These features seem to 

indicate that the trough was moulded by selective erosion of glacial flow 

on a fracture zone in the bedrock. Existence of another trough nearby 

extending also north-south may prove that the glacier flowed from 

south to north. This direction of glacier movement, however, might 

differ to some extent from the gen�ral southeast-northwest flow pattern 
of ice sheet in this area. 

5) Rather shallow troughs off outlet glaciers on the Prince Olav 
Coast are less conspicuous than the glacial troughs in Liitzow-Holm 

Bay. This fact seems to reflect the disparity in advance of the ice sheet 

of the two areas. 
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� 13 ?Xft�jflU�iJ�G�Uf!iLcl'0JfftmI:OOF50) r::k�}k�J22:g:/30)7j(fnJJ!ftM�B'9&f�J 0)-ffl 
cLt, ��£Jfft�J22�0)5�JfftM���fi�k. 

��£Jfft�J220)::k�ffl/10)5JftJ!ftMvc1*]-t 0 �.hi c'O)n\t:'= c Lt YOSHIDA et al. (1964), 

SATO (1964), �JJJ{ (1971) �iJ�0 0 iJ�, Jfft���vc:tovt 0 i??Ji:l7j(J*O)�IJJ�§,§ GiJ�vc -r- ,Qt� 
2iovc., ::k�ffl/10)J!ftMvc.1*J L tM§,§ L tJ:vt.hvitJ: G tJ:l ,rAi�vt�1, '. � .hvc�-r- �it��� 14 

tk�iJ� G5�J!ftMO)��iJ�i;l5C�tJ&J:vf G.h, �.hi ·-e*�oc'0 � t� 1J .:L 'Y ;,4- • ,T>JL--A�* 

$0)J!Ui*iJ��* � :ht� (1JYJC, 1975). 15 ?X�vc:to \, 't vi S:. O)J{Ui*tgjz� JAvf 0 c c ib vc, i"" 
c'vcwJ!tJ!ftMn�§,§ G n� c tJ: � --c 1,, 0Stg1t-c,O) !ft�:1*�� t �nf!i Lt�. 



No. 54. 1975] 

2. 1. �i:1.i�:l 

2.1.1. ?JlUi* 
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1J!Ui*v:.v:t s ?X�-clffl¥B � ht-:��irll1J!Ui*mt (YosHmA, 1969) � ffi1., ,ts:. .:. ;hv:.v:t 7.Ki:r ffi 

c*J::ffi0)2fflffi0)���-��Q�, �cLL, *O)�@KW•��L*���Q�J::ffi 

*��-��ffiLk. W7kl:v:.}J� 1 mffl�O)ff{�Jih��Q�,g--ct, '/J,ts:. IJ O)�raic�1J 

�1 w�L���������oo�mlli� 

-tt, �Lffl��ilf��{fJl3-t Q. 

Fig. 1. Excavation of deeply accumulated 
snow for setting the transducer of the 
echo-sounder on exposed sea ice. 
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Fig. 3. Pro.files of topography, shown in Fig. 2. 
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nttJ: � n -c \,, 6 Oli1*, 1911). 15 ?X�·-evt-: n�!AJ cmrr,��it-emu��� JAvf, ** '/ !f J'v 

lb m1 ill c i!!i ::t '/ !f J'v Jffh �t:1Jw� 0) -=&B 0) mu��� 7 i_, tc. CIZI 2). 
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.!z� t, -C\t, o nt, �tO)fm��vtvf})f[ffi::t '/ �-·;vJ!fhO)�J:ttf!ID'J: 9 ��nt:k � <, ;&,#4Im�tJ: 
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::t '/ �-';'v sfh c·,l;. G ho ttf!ID�7.k!rk��iJ� G�o G h 0�*0)7j(O)vfEfbvi})f[i!§11:i 0) t 0) (tflll · 

p�, 1957; tr EB, 1973) c·� 9, wUEttf!IDv=-t �fi15"0)ffij:IJ.ffi0):7JJA] c -Izi" 6 ])f[i!§jj[A] 
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�vc f§ffl?l!U��vc ct -:i -c, wJ!tttf?.%0)Jl�Wr00%� � G i.J,vc -t 0 �,�iJ�i:5 Q iJ�, i tC:PJ�§ c. 

t.r. -? -c \, \ tJ: \, \. 

�tO)ooO)wJ!Ejfu%iJ�7J(� 50m *frliliO)a1.,,J\�f*jtg%��L-c1., Q O)vi, tt!?.fUl�c.�ffi 

ii�i:5 Q c.JG',bnQ. -ttJ:b'ti, **./ ;�l1t.,�Iffi'/IBUiffi-evtJtlffE�O)JtWJJ�vt, .rtirttl¥J1ti 

ir!!vc NNW-SSE O)*fqJ�ffiL-C\.'Q7J�, **':/_l,1''1v�q:i:R:$vcu1.,-c'W.#4-L\sJl? B±l�ffii" 

c. c. t vc NNW-SSE iJ,G NNE-SSW "'O)*fqJO)�ffi:iJ�di-G;rt,0 (YANAI et al., 1974a, b). 

-: O)jtgJ{Ji�vi.'f:O) i i�tO)ooO)wJ!tvc t �-Cvi i Q c. � x. G;h, i¥Ji.J, G�t"'-0)7j(O)Ui[;h;at 

}lt;;J--':/ _1,1··1v�Iffi$Urffi··em�t:1JfPJO)��tJ:�vt7.ktt��%JJx: L f.:O)vc:xt L-C, }lt;;J--':/ _1,1··1vlfib 

iJ, G�tO)oovciJ,0"-Cvt, £fiO)Jt3'.Ji�O)*fPJvc:xt L -C7J<O)Ui[;htJ�.#4-3C L-c�vtJ.ktt�tMt 

irttl¥J%JJx: � :h.Jc < i.J, -:i kt O)iJ, c. }t.\bn 0. -ti tJ:;r,,_vcrffi ;;J-- ':/ _1,1··11., �vcui.,, -c vi}lt;;J--':/ _1,1··1v � 

vcJ:t""-cm�t,11: O)ttf?.% 0) �7UiJ� �r
r
-c· cb 0. 

C O)jfu�-evtwJ!t:!{tfl4o/J�J( < iJ,, �bth-Cz!f \,' j: ? --c-� )!E$vc �k Q c. C 6 'c' t c. Co 

vc ct IJ ffe: � 2Q,-,40 cm 0)¥JtJ{O) :1 7 i.J�i*� � ;hk tat 'c'i:5 Q (� 3, � 1). 

2.2.2. * / _1,1··1v���t1JiJ, G 7° Y /A* 7 7W*=IffiiIBrq:ivciJ,i,t-c O)w!fttt!?.% 

7 Y ':/ 7' ;;J-- 7 7 $ 7¥ jq:i VC vi 300,-,400 m LlaO)::k�f}11JiJ�*9 70 km $j""(· }A iJ� -:, -C \,' 0 

(YOSHIDA et al., 1964; SATO, 1964). C 0)? 't,, ;;J--':/ f1v��}WJJllvC)AiJ� 0 200 m Lla0)'.i£ 

�11:0)25 0aw}!EvCv::>\, ,-cvi, 7J<;lt§LllruO)�ttft.:.�1ii�VJO) t 0) c. � x. G;h -Cl., 0 (Nil*� 

1971). CO)aWJftO)�t1J"'-O)J.AiJ�IJvi;;l--':/_l,7''1v�7J>t)o/tJ:< ct 25km vc:&�--c-1.,,Q (® 

4). 

;;J-- ':/ _!,1''1v$�VCvi, ffJ�t:1JfPJVC{$tf Q � � 300,-,600m 0) trough (YOSHIDA et al., 1964) /]t 

25-:i-C, CO),FJx;�vCv:>\,,-Cvi, Wr�vcct 01bO)c.i"0�x. (LISITZIN and ZHIVAGO, 1960; P1 

�, 1966) c. 7J<;Jt§lruO)V1J'tttt!?.%vc7j(ttiJ�;fJub-:i t.:. t 0) c. -t 0 � x. (Nil*, 1971) iJ�ffi � :h -c 1., 

0. c O)�i IJ vi, c. -:,'0�11ilj3jq:ii.J,GW1¥rliJ•GlttL-C�t:1Jvc, � Gvc:JrtJ: < c. t 16km� 

�� < tJ: I) tJ:iJ� Gt {$tf-C\,, Q (� 4). .'f:O)*vtttJTOO%vi basin and sill topography �ffi L 

-cu IJ, c cvc7J<tt1Jq11.,t-=.c c.viJh,tJ:1.,'. ik, �bth-C�ffe:--c·i:50-:. c. b -t:"O)iF[*7jt 
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10 1511ffl 
0 011 - ·  -= 
:.;: -........../--·--".//\ =: 0 
100- H 

� 5  V .:,. � *  • * � A�-$��$��%� 
1m ({ftii:vt� 4). 

Fig. 5. E- W pro.files of submarine topography 
off eastern part of Liitzow-Holm Bay, 
shown in Fig. 4. 

m?b@ � t::. c' '? t.::. ii, vi 4-� c -=- � 7f §.fj c' s Q . 
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El"J ft. f$U:1Jil, G -: � St�vz::. ft. Iv G ii� �tt!fl 

m;�il�M4- L --c i; ,  Q t �  c J�,btt Q .  Lil, 

l, , -:. � trough �fiiii{Jlll�:::k�ffillvz::.;@i{�� 

il� vi c Iv c'ft. l; ,  (� 5)  -:. c �� x. Q c ,  

:::k�ffill%St.K -:. -:. Km•:1J��:::k � �� 

�Jlibil�s '?t-=. c vt�x.vz::. < 1; , .  UJ:�� 

fiil, G, -:. � trough vi��� fracture zone 

ii� ;:)j( tt � ;h --C � Ct-=. glacial trough c � x_ 

Q .  it-=., -:. � trough � rl§::Jf vz::. t Jt�El"J 

mi; ,[!!J�il�m�t:15�vz::.{$u--c :t-o � <� 4), 

� vt � ,  il>""YCmiJ, G�t""'-�:1k�ib �nts 

'? --c, :t ;h vz::. J: � � t, t.::. glacial trough c' 

S Q  c J�,b;h Q .  1J .:i. 'Y ::t • ;t; 1v J.,. �Jl:tW 

�m��•�J:K&� ttt::.�tt•m�ffi� 

il,-0--c �:1k�mn�:15�vt, ViHf'Jtfrfflttc' 

s Q (:s'lJ! • *1�, 1959; "Effi, 1973) -:. c 

ii, G ,  ���:1k1*i1�tlt:::k L t::.�Jtijvz::.7.](�ffi: 

ib:15�vz::.5tft.il�s '?t-=. t � c J�,btt Q . L 

ii, L :t�5tft.il� c'� J: 5 ft.rn{�c'� c, 

Flattunga l*vi�� L, f::.7j(!lJ$f �rfa� c ft. '? --c 1; ,  Q t::."th ffi�A Q -:.  c vi c' � ft.ii, '? t.::.ilt, 

;:)j((lJ$f]Wjj?l��U�*6*�*�;:)j(�Jf9{j(7J, G � --C;wi�ft.I!!1�vi ft. � :t ?  c'S Q ,  

Flattunga ii ,  G ��vz::.n,vt --c � 7
° 1J :/ .7- * 7 7rfa;l¥l*c'vi, ?J!U,�n�j}-ft. 1; , f::. "d:)� L 1; , -:.  c 

vi§/j G il,c'ft_ l; ,iJ�, -� c :::k�;:)j(J;K*ftlffin, G ft. 0WJ¥ffi� lliAVZ::. J: < JtJit L,t.::.w!1£�%il�� 

G ;h, ��fflviWJ¥ffl c S%0El"Jc'S Q .  ��;:)j(V3J, t::. i 7j(V1JJ*vZ::. vi.lt�B"Jm1; ,;:)J(tt{:)-il\ffJSt 

� ;h  --Ci-a � ,  :t�l*ir""'-�{$:Rffi�fHi 20 km Ur* c � G tt 0 .  -:. ;h G m��7j(V3Jfriffi:i�7j( 

tt�vi, 1J .:,. 'Y ::t • ,t-;1.,, .l.,. �l*Jvz::.J! G;h Qjffi�ft.;:,ktt� (YosHmA et al., 1964; ;Ji!JR, 1971; 

,J\Jc, 1975) c lt�Q c ,  :t�%�vt §.g!lfc'ft. < ,  i1,0J*ir""'-�f$:R <b ::k �  < vt f;. 1; , _ :t-o:t 

* w� No. 3912 g��O)�$jv:'.. J:: o c , 7° \J ':/7'::t" '7 7 $7¥0)fqiif 20 km v::. 300m l;),�O)�W1J>}A1J> 
-? --C 1, , :o .  
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G < ��Cl);.)J<J;Rvi, !J :i :J :t • ;t;;L, A �:lfil;!glZ--e .t  IJ ::k � t.J:Jite� L --z= 1, , f-:: .  �r::. j§ x..vf, m 

tE i --nc.. !J :i :J :t • * ;L, A �:lfil;!glZc}.1<1*vi .t IJ * � < �� Lt-.: t Cl) c }�,bh o .  

3. 1. 1ifflfi� 

�ffl L t-=��vi, 10 ?x�:lfil�fffir5C7) t Cl) (ANDO and YOSHIDA, 1971) c [q] t, -es o . -::1 7 

--tr './  7° 7 - ,  --tr './  7
°

/L,7 :i - 7\ �JLffl 7 1  7' r !J ;t,,JJ��mmA L,  i:'.7 1  './'T,  ? 1 --r - ,  

F' !J ;t,fflffl:lb..:i:- - 17  - vi, 1 0  ?x� (1969 �) .L;J�, a�%0�:Jmvc..iJ¥/ff � h  --z= 1, ,f-:: t O)iJ��fflPJ 

n�c·s "? t-=. t.J: :t-o, ? 1 --v - vif*ff5tl1nliJ� .t < :lMdi-viH c lv c'tJ:iJ� "? k iJ�, --tr './ 7
°

5 -�!ff. 

� vc.. ? 1 --v -iJ � kink L "C � ffl� vc.. -!;1J !!Jr Lt-.: IJ , --tr './ 7
° 

=J - Cl) 1iJl {ITT iJ �W ;.)j( Cl) !fE ffi vc.. � k 0 "C 

7 1 --r -iJ�-!;IJttfr Lt-: IJ Lk.  :::.. Cl) kcl:J, fflti Lt-: 3 *O)--tJ- './ 7
°

=J -�{ITT�7J(m: L t L i 0 

t-:.  -tJ- './ 7
° 

=J - Cl_):ffimvc..::xt L --c vi ? 1 --r - C7)5_iltvi7E:B- --es 0 t-: c }�,bh o iJ�, J:!� Cl)ml� 

iJ� G ��Cl) t-:co, .J: IJ :;t § Cl) ? 1 --r - iJ�&i�c'S o c }�,bh o .  

� 6 @1JcO)JLOOvt CJ:) c ::z 7 -tt :,,  7
° 

=; - Cf) �--=> 0 L t.:.�Ji�. 
Fig. 6. Drilling of sea ice (upper), and 

the core-sampler suspended on a 
support frame (lower). 
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Table 1. Data of the core sampling of bottom sediments. 

Date (1974)J No. Locality 
Mar. 15 - Kita-no-ura Cove, near 

East Ongul 
16 - Kita-no-ura Cove 

Apr. 4 40401 Nishi-no-ura Cove 

May 27 I 52701 \ Skallevika 
Aug. 12 81201 Nishi-no-ura Cove 

13 81301 Nishi-no-ura Cove 
81302 Nishi-no-ura Cove 
81303 West of East Ongul 

14 81401 West of East Ongul 

81402 East of Hiyoko Isl. 

81403 East of Hiyoko Isl. 
19 81901 East of Hiyoko Isl. 
22 82201 

l 
North of Naka-no-seto 

82202 North of Naka-no-seto 
24 82401 North-east of Hiyoko Isl. 

82402 East of Ondori Isl. 
26 82601 West of Nesoya 

82602 East of Ondori Isl. 
82603 North-east of Ondori Isl. 

27 82701 North of West Ongul 
28 82801 North of West Ongul 

82802 South of Ondori Isl. 
Oct. 6 100601 

I 
Kominato Inlet, Langhovde 

8 100801 Off Yatude Valley 
16 101601 

I 
Southern inlet of 

Mt. Suribati 
18 101801 I Off Honnor Glacier 

Nov. 4 1 10401 Ongul Channel (A) 

1 10402 Ongul Channel (A) 
5 1 10501 Ongul Channel (A) 

1 10502 Ongul Channel (A) 
6 1 10601 Ongul Channel (A) 

1 10602 Ongul Channel (A) 
1 10603 

I 
South of East Ongul 

1 10604 West of Pollholmen 
7 1 10701 Ongul Channel (B) 

1 10702 Ongul Channel (B) 
1 10703 Ongul Channel (B) 
1 10704 Ongul Channel (B) 
1 10705 Ongul Channel (B) 
1 10706 Ongul Channel (B) 

Dec. 10 \ \ West of Tottuki Point 

\ Depth I Sample 
46 m A very small amount of mud. 

54 m A very small amount of 
mud and pebbles. 

33 m 40 cm core of mud including 
a chop of shellfish with shell. 

I 266 m I 50 cm core or mud. 
21 m nothing 
50 m A very small amount of mud. 
41 m nothing 
32 m A very small amount of sand 

and mud. 
81 m A very small amount of 

pebble, sand and mud. 
62 m . A very small amount of 

pebble, sand and mud. 
75 m nothing 
80 m nothing 

I 
24 m 

I 
A very small amount of sand. 

66 m A very small amount of mud. 
91 m A small amount of mud, 

152 m 
sand and pebble. 

A small amount of mud. 
87 m A very small amount of mud 

including a small shell. 
1 12 m 30 cm core of mud. 
163 m A very small amount of mud. 

S m  A very small amount of sand. 
17 m A very small amount of sand. 
67 m 20 cm core of mud. 

I 
58 m 

I 
50 cm core of mud. 

25 m A small amount of mud. 

l 
14 m 

I 
10 cm core of mud including 
a chop of shellfish with shell. 

I 641 m I 40 cm core of mud. 
100 m 20 cm core of mud including 

a small shell. 
360 m nothing 
644 m 80 cm core of mud. 
603 m 60 cm core of mud. 
410 m A small amount of mud. 
301 m nothing 

l 
58 m 

I 
20 cm core of mud. 

78 m nothing 
332 m nothing 
562 m 30 cm core of mud. 
608 m 60 cm core of mud. 
373 m 15 cm core of mud. 
3 19 m  15 cm core of mud. 
206 m nothing 

\ 475 m \ The last sampler sunk. 
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� ni:.>0)�1iv:tlltU7*J§�1i c�vcr:pmJ.;f(�-l- 9 v=-��L C!Zl 6), f1*0):=t(� c§!g$0)�J: 

�it 0 t-:. -it :/  7° 7 -":) 9 Tvf J§ O)�,.� 1 7·� --v P' ' 7 vi, :vJcbufil5£:i°-\ c L t-:iJ�, -l- 9 *fir:p 

Kib�O)kcb LviLvi�ffl Lk. LiJ, L, *fi�vCvitfr 9 kk�;i°\VC�,Bl Lk� c vi� 0) J: 

5 tJ:�:rJH:t tJ: < tJ: 0 t-: . 

3. 2. f*i�;-� 

1*Zlevi, -t- --evc#jj�Jt!!MiJ�§..13 t.> iJ• c tJ: 0 tde�vc:to1., , --c:t c L'-C����v=-�� Lk (� 

1). ::t :/ P'' ;1., �NrlJll (!Zl 2), ::t :/ P' ' 11.,#jj� "c'viillEl.ri8"Jvc1*¥1e '-i'��t-=il�, 7 :/ f * :l -f',J,� 

-1o J: cf�":) 'c'� ¥*, iT> .I - JI., 7.}( fnJ ¥*, ,7.. 7J JI., 7'' ,7.. * ,7.. i" 9 vi� !lfm 0) J\.l'.I, ,7.. 7J V !:::' - 7J 'c' 

a: , jji;JJi4efzJO)� 9 -l- '.5 tJ:[!:!JJW'-i'�5£ L t-AU:vt'-i'��k (!Zl 7). tJ::to, c 0 ":) � ililJI r'* 0) 

trough 7](� 475 m -c-t 1*11e'-i'��kiJ�, '7 1  --v --!ffJWTO)kiY5��'-i'1*� 'c' � tJ:iJ> 0 t-: . 

1*Zlefftflt0)�5£vi, § � c LkfiEO)Jf!!Mvc�iJ, 0 t*fi L, �J:]{[O)ffi/litvc J: QlltUffi 

]&I 7 � .:1. -;; ;t • � 1v A �*imv:.�vt 0 �  
iJE. 

Fig. 7. Positions of the core sampling of 
bottom sediments in the eastern part 
of Liitzow-Holm Bay. 

39
° 

30'E  

0 ! Off  Yatude Valley, 24m in  depth. 

A small amount of mud. 

E :  12km off Honnor Glacier, 641m 

in depth. 

40cm core of mud. 

F : Southern inlet of Mt. SUribat i ,  

14m i n  depth. 

10cm core of mud including a 

chop of shell. 

10km G : Skallevika, 266m in depth • 

................. ......._. 50cm core of mud. 
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3.  3 .  ita�O)-· 
;;t :/ ,;7''1vw�� ;t; / - /v7JcfuJ¥'q:i0)7j(j.91ti-J1t-ni 30,-.,80 cm O)i}ej1{ 0) ::z 7 iJ�Nc� -e �kiJ�, 

f&,@l#40)7Jcf!kti-m�::t / .:7� 1v 1%JWJ3ll-evivI c Iv c'Jltj1{vi1*� � .tdJ:iJ, --:, tc.. i tc., ;;t :/ ,;7''1v 

W�0)7j(j!kti-mO)tJlJJ (jfj�, 1971) --evi 15 cm tl,rO)i}e�O) ::z 7 iJ��Gnk (� 7, A ·  B). 

;;t / f1vJ%JW:lill (IZJ 2) c'vi, :§Ilt$vc�tc.0 c-: 6c- t llt�iJ��GhtJ:1,,-: ciJ�S IJ (IZJ 

3, � 1), -: O)w�c-viwllt:llffltfmvi �b6b-C?t1,, J:: 0 c'S o. ��vc7J(m�iR (jjj�, 1973) 

O)VTCA i""0iffiO)ooc-t ,  �,� (Sample No. 40401, � 1, 1Z! 2) ��1,,-c)lt�iJ����ntJ:iJ, "? 

tc .. -: c vi, 7.Krlk�iRmO)PM!�Jl(mt:vc J:: o��tfm�O)��viiJ,tJ: IJ jdJ:\, ,-:  c �ti* c -c 1,, 0 

J:: 0 c'S o. L. iJ ,  L. , -it /  7
° 

5 -0) i:i 1IiJ� 8 cm cs i IJ :k � < tJ: 1, ,f.:.6b��O):llffltfmvi� 

� c' � tJ:",-= c t �Iii"" 0 &;,�iJ�Jb o. ",-f nvc-l:t J:: ,  :llffltfmO) If.� ��o 0 ts: 6b vc vi, 4-
�' :l'!!!.Ji��;fflvc J:: o��iJ�&;,�c-so. 

1*� �ntc.w)lttfmj1{vi, :k$%iJ� silt size tl,rO)i}ej1{tfmc', \, ,f.ti, t it�wt/f!O)!t�� < 
�Iv e'\,, o. ;;t :/f1vJ%iffiO)fm (33 m 1*) c ;;r.. -}J 1v 7'';;r.. ,t ;;r.. i"" I) vi�¥fui¥fnO)J-.t:[ (14 m �) 

.:o, G�Ghk ::z 7 vcvi Laternula elliptica c � Gh offl,�O) JliJ�� i .ti,-c 1, ,f.:.. -: hG 0)1* 

� L. kllt�vc-01, ,-c viffl,tE%Vr$c-s IJ ,  �*-Bivc-01, ,-c vi%Vi"il� �T L. td��fc· fli 'a" L. tc. 

4. '1 C. 

1) ;;t :/ f1vJ%}WjJ2lO)wJlt:l'!!!.%vi, �J::O):l'i!!.%cfAJ�vc, £�0)Jt�¥iffiO))t3'.0)�[A], 

fiJW.*� J:: < .Bzrm: L. t.:.mJtlt� J:: rf*iffittO)@cJU�� L. -c 1,, 0. 

2) L. iJ, L.tJ:iJ� G ,  �J:::l'!!!.%cwlltttl!%cvi, mw7.K*ftJLi:c-�jf;ml¥Jc·Js lJ , �J:::l'!!!.% 

iJ�wtt 40 m t),r0)1J\��ffi�tJ:i"°O)vcx;f L., wJlt:1:!g;ffbvi��O)* �\,  '�,@{ffetO)jfg;ffb�� L. 

-c 1,, o. -: 0) J:: 0 tJ:��iJ�1=. Ctc.�lzsl, � J:: LY-: 0)-: c vcw7.K*iJ�Mi* L. -c1,, o iJ,�iJ,vc -0 

� 'L vi� GiJ,c'fJ:\, 'i'.J�, filjj�O):l'i!!.%0)%$:�;MiJ��tJ: o AJt§ttiJ�S 0, 

3) wllt:l'!!!.%vc, �vcmJtttO)[!!}:l'i!!.iJ�ilffi�c-Js 0 -:  c iJ, G, ;&1�0)7Jc�iJ�miJ, GJt�cmt:ifJ 

L. t.:. -: c iJ��-*. G h0. -: ;hvi, �J:::l:fg%�1"��iJ, G�o G ;ho *i'.J" Giffi-"0)7j(O)vftifj c vi 

�tJ: 0 t O)c'S I) ,  7j(O)vitifJ:1f[A]vC, 7j(J*0);1ue • ��vc{f 0 �11::iJ�S "? t-=. t 0) c Jt�lbh0 � 

4) ;;t / ,;7''1vw�vctt*iJ, G�o Gh -c1, ,f-=. trough vi, c --:, -0 �!li!pO)�tvc � Gvc 16 km {$ 
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