
SEDDlENTS AND SEDDlENTATIqN IN A GLACIAL LAKE: 

LAKE GEORGE, NEW YORK 

Prepared by: Manf~ed Schoettle 
Gera~d M. Friedman 
Depa~tment of Geology 

FIVI Report 
7l-m I 



Deciduous Forest Biome 
IBP Memo Report 71-122 

SEDIMENTS AND SEDIMENTATION IN A CLACIAL LAKE: 

LAKE GEORGE, NEW YO!U< 

Prepared by: Manfred Scho¢ttle 
Gerald M. Frtedman 
Department o~ Geology 

A Final Technical Report for Un ton Carbide 
Sub-Contract No. 3392 for the E$stern Deciduous 
Forest Biome, IBP, Lake George Site. 

December 1971 

Rensselaer Polytechnic Institute 
Troy, New York 12181 

Research was supported in part by the Eastern Deciduous Forest Biome Project. 
U. S. International Biological Program, funde~ by the National Science Foundation 
under Interagency Agreement AG-199,40-l93-69 with the Atomic Energy Commission -
Oak Ridge National Laboratory. 

NOTICE: This memo report contains informatio$ of a preliminary nature prepared 
primarily for internal use in the U. S. - Int$rnational Biological Program, 
Eastern Deciduous Forest Biome Program. This information is not for use prior 
to publication unless permission is obtained in writing from the author. 

FWI Report 72-11B 



ABSTRACT 

Glacia I Lake George is located in a t;opographica lly rugged. heavily 

wooded area in the eastern Adirondack Moun~aina of New York State. Two 
, 

types of sediment floor the lake: 1. reliict glacial sedi.ment and 2. 
I 

modern sediment. The relict sedIment incllJides varved glacial lake clays 

with iron-maganese nodules (Schoettle and ~riedman;· 1971) and sandy sedi-
I 

ments derived from moraines, drumlins or dEiltas. We infer that most of the 
i 

lake ia underlain by glacial lake clays; however these clays have become 

concealed beneath a cover of modern organio-rich silty clay. Active cur-
I 

rents have kept exposed the glacial lake c~ays in the Narrows between the 
! 

north and south Lake George basins for at ~east 3,300 years. The bottom 

sediments of most of the lake consist of o~ganic-rich silty clays. Tree 

bark, sport capsules, leaves and needles compose much of the structural 

organic matter of the nearshore bottom sedtments. This organic material 

enters the lake, mostly in the fall, as pavt of the annual crop of organic 

material contributed by the vegetation in nhe drainage basin. In the deeper 

parts of the lake structural organic mattev cannot be identified with cer-

tainty because of advanced decomposition. However the organic matter con-

tent of the bottom sediments of the southetfn Lake George basin by and large 

exceeds that of the northern lake basin. This increase in organic matter 

correlates with increasing phytoplankton pioductivity in the southern basin. 

Increasing phytoplankton productivity relatfes to man's impact .on the waters 

of the southern basin. 

Organic matter together with other fine-grained clay size particles. 

such as quartz· and clay minerals, gets trawped, especially in the deeper parts 
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of the lake, where it accumulates rapidly on the lake floor. 

INTRODUCTION 

In a previous study we. reported on the iron-manganese nodules that 

floor part of Lake George (Schoettle and Friedman, 1971). The present 

study deals with the bottom sediments of this same lake. The task of this 

study was to determine the distribution of the sediment that floors the lake. 

Its purpose was to relate sediment distribution to lake processes, past and 

present; including the effect of man's impact on the lake. To this end we 

hav.e sampled the lake floor sediments on a dense grid pattern and mapped the 

size-frequency distribution of the sediment particles as well as the organic 

matter that makes up a large fraction of the sediment. Beyond size-frequency 

and organic matter analyses we have determined the mineralogy of the sediment 

particles that floor the lake in an effort to relate their mineralogy to the 

mineralogy of the bedrock or glacial sediments in the area. 

SAMPLING AND LABORATORY PROCEDURES 

A dens!!' grid system of sampling stations was laid .out normal to the 

long axis of the lake (Fig. 1). Samples were recovered at half a mile inter

vals and traverse lines were one mile apart. Where necessary, additional sam

ples were taken between traverse lines. The samples were recovered with an 

Eckman Dredge. All samples represent the uppermost 5 cm. below the water-sed

iment interface. In addition we took three cores. One of these was recovered 

with a Benthos c,orer using a butterfly valv'i' triggered from the surface. This 

core recovered one and a half feet of sediment from the center of the southern 

Lake George Basin. 

_______________________ -r _________________ I 
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Two cores with a recovery of three feet of sediment each were obtained by 

pounding plastic liners into the sediment ~ottom near the shore ·of the 

southern lake basin. 

In the laboratory ashore all samples 'were dried in an oven at 60
0
C. 

After disaggregation of the samples, parti¢le size was determined by com-

bined sieving, settling, and pipette analY$is. The minerals in the samples 

were identified by x-ray diffraction of th~ whole sample as well as of the 

clay size «2fJ.) fraction. For clay minerai identification routine prepar-

ation techniques were employed, including ~gnesium-saturation, glycerol 
" 0 " 

and ethylene glycol treatment, heating to ~50 and 500 C, and intercalation 

with ammonium nitrate. Both random powder samples and preferred orientation 
, 

slides were used. All samples wet'e examin$d with a General Electric XRD-5 

instrument equipped with a CuK
2 

tube and nickel filtered radiation. Heavy 
, 

minerals were studied under the petrographic microscope. 

Organic carbon was determined by dry combustion of a weighed sample 

(0.25 to 0.5 g) at about l,300oC in a LECO closed-system tube induction fur-
,I I 

nace. A stream of oxygen passing through the furnace assured complete con-

version of all carbon to carbon dioxide. The combustion'product purified of 
, 

particulate matter, oxides of nitrogen, halogen, sulfur, and moisture was 

absorbed in a carbon dioxide absorption tube containing soda-asbestos. The 

increase in weight resulting from absorbed carbon dioxide was calculated as 

percent carbon. This method was found to have a precision of ! 4% organic 

carbon of the amount determined. Carbonat~ carbon was absent in the samples 
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studied. 

IAKE BAS IN MOR?HOLOGY ANn GEOLOGY 

Lake George is located in the eastern Adirondack Mountains of 

northern New York State (Fig. 1). The lake has a general north-south 

axis, is 32 miles long and one to three miles wide. Its average width is 

one and a ha If miles. The climat" of the region in which Lake George is 

located may be classified as moist-continental with long cold winters and 

short mild summers. 

The surface a,rea of the lak" is 44 square miles and its drainage 

area is 234 square miles. The lake has about 109 miles of shoreline with 

many small bays. Mean lake level height is 319 feet. 

The lake is divided into 2 s.eparate basins, north Lake George and 

south Lake George. which are sepal'a ted by the Na rrows, a sha llow cons tricted 

island dotted area (Fig. 1). Figlre 1 shows the bathymetry of Lake George. 
, 

A narrow trench near the steep east shore at the northern end of the south 
I, .' 

Lake George basin forms the lake' 8 ,great~st depth (195 feet). This trench is 

the only area of the southern Lake George basin that exceeds 150 feet in 

depth; two small holes in the northern lake are more than 150 feet deep. 

Most of the lake is between 50 and 100 feet deep. Lake George is unusual 

among the many lakes of the Adirondack Mountains in that for its great length 

it is yet narrow and deep. 

The lake drains at its northern end into Lake Champlain via Ticonderoga 

Creek, and from there the waters find their way to the St. Lawrence and fin-

ally to the Atlantic Ocean (Fig. 1). Lake George lies approximately 200 feet 
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higher than Lake Champlain. 

The lake is located in topographicallr rugged, heavily wooded ter

tain. Summits that front the lake shore rise precipitously 1,200 feet 

to 2,000 feet above lake level. The eastern slopes of the Lake George 

drainage basin are steeper and more rugged ithan the western slopes. 

Hence the western less precipitous slopes for.m a larger part of the drain

age basin than the steeper eastern slopes. 

Lake George occupies a graben in Prec/imbrian bedrock. This bed-

rock consists of plutonic, metamorphic and igneous rock. For example, 

gneisses and schists, syenite, granite and Igabbro. At a few places along 

the shore of the southern Lake George basin are exposures of Cambrian 

sandstones (Potsdam sandstone) and dolostones (Little Falls dolomite). 

The linear straight shorelines and sheer slopes are the combined 
I 

effect of erosion following prominent faul~s and a deepening of the fault-

.controlled valleys by the sweep of the Ple~stocene glaciers which deepened 

the rock channels. Prior to glaciation twO rivers drained the Lake George 

basin. One stream originated in the narrow trench now occupied by Northwest 

Bay Brook (Fig. 1) and flowed into the southern Lake George Basin; the second 

river flowed from the Narrows northward (Newland and Vaughan, 1942). A pre-

glacial divide existed where the Narrows ave now located. When the glaciers 
I 

plowed their way through the deep narrow Lake George Valley they deepened 

the Narrows by ice erosion. The waters of Lake George are now held in place 

by Pleistocene glacial sediments which block the river outlets at the north 

and south end of the lake. At the south end of the lake glacial sand and 
I 

gravel deposits rise 500 feet above lake l~vel (Newland and Vaughan, 1942). 
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After the retreat of the glaciers Lake George was a glacial lake as evi-

denced by the presence of varved clay flooring the bottom of the lake in 

the Narrows (Schoettle and Friedman, 1971); this varved clay also occurs 

above the present lake level at elevations up to 750 to 800 feet (Newland 

and Vaughan, 1942). 

Surficial sediments of the "Champlain Basin" of which Lake George 

forms a part have been mapped by Connally (manuscript). Sand and gravel 

are abundant in the delta and ice-contact gravels southwest of Lake George 

village. 

RESULTS 

Table 1 presents the results of this study. This table gives the 

grain size and organic carbon distribution of the sediments which floor 

Lake George at each sampling station. This table also shows in which 

samples iron-manganese nodules occur. The location of the sampling stations 

is shown in figure 1. 

Figure 2 is a classification diagram, after Shephard (1954), which 

depicts the grain-size range of the bottom sediments of Lake George. This 

diagram shows that most of the bottom sediments consist of silty clay. 

Pure sands also underlie the lake, mostly near the shore, yet figure 2 shows 

that most sands contain silt and clay size fractions. These silt- and clay
! 

size fractions tend to be present in near equal amounts in many sandy sedi-

ments. 

Figure 3 is a map of Lake George showing a generalized patter:n of the 

size distribution of the sediments in the lake. This map is based on the 

amount of clay-size particles present in the lake. In the south Lake George 
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basin bottom sediments containing more thaJ 50% clay occur n'ear the east 

I ' 

shore of the lake and underlie the large c¢ntral expanse of the lake. 

Bottom sediments with less than 25% day, fuenc~ mostly sa'ndy, are re

stricted to the west shore of the south La*e George basin although in 

two places a tongue of sandy sediment pass~s beneath the central area of 

the lake. The eastern Narrows are rich in clay, whereas the western 

Narrows are dch in sand. The southern pate of the north Lake George 

basin is underlain by clay-rich sediments. The central part of the north 

Lake George basin has clay in the middle of the lake and sands closer to 

the shoreline. In the northernmost part of the north Lake George basin 
i 

near Ticonderoga the bottom sediment consi$ts mostly of sand. 

Figure 4 is a map of Lake George witfu a generalized distribution of 

organic carbon in the bottom sediments of the lake. In the south Lake 

George basin most of the bottom sediments contain between 5 and 10% or-

ganic carbon. However close to the east sbore and in bays of the east 

shore the organic carbon content exceeds 10%. By contrast near the west 

shore and in two tongues that pass beneath,the central part of the lake the 

organic carbon content is less than 5%. Tfue bottom sediments of the Narrows 

are mostly depleted in organic carbon, whereas the bottom sediments of the 

north Lake George basin contain between 5 .nd 10% organic carbon in the 

center of the lake but less than 5% near the shore. Near Ticonderoga the 

bottom sediments of the northernmost part <l>f Lake George contain less than 

5% organic carbon. Lake Champlain which is contiguous to Lake George (Fig. 1), 

has a 5 to 20% organic carbon content in its muddy bottom sediments. Organic 

I 

mud covers about three quarters of the Lak~ Champlain lake bottom (Hunt and 

Henson, 1969). 
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As the high amount of.organic carbon indicates, with values ex-

.ceeding 10% and with most of the bottom sediments containing between 

. 5 and 10% organic carbon, a large p~rt of tbe clay-size fraction con-

sists of organic matter. To com[>ute ol"gani¢ matter from organic carbon 

a factor of 1.72 is used, hence between 8.6 and 17.2% organic matter is 

present in most lake sediments. Examinatiom under the binocular microscope 

shows that the organic matter in the nearsh~re sediments consists largely 

of leaves, needles, tree bark, and spore ca~sules. In the deeper water 

sediments, however, structural organiC matter cannot usually be identi-

fied because of advanced decomposition. Qullrtz and clay minerals are the 

other constituents in the clay-size fraction. The clay minerals identi-

fied include mostly illite and chlorite with traces of kaolinite. In the 

cores studied the same clay mineral occurs unchanged throughout the cores. 

In the sands the li.ght mi.nera Is are quartz and J;eldspars with more 

plagioclase than orthoclase, some microcline, muscovite and biotite. The 

heavy minera 1 fraction is domina ted by garnet. Other less abundant heavy 

minerals include hornblende, sillimanite, epidote, hypersthene, augite, 

staurolite, kyanite, zoisite, zircon, tourmaline, ,'utile, titanite, and 

iron-dch biotite. 

All bottom sediments are black in color except at the water-sediment 
, 

interface. There the colors are e:lther blaqk or brown; the brown color 

passes downward into black. The black color at the water-sediment inter~ 

face dominates near the east shore in the south Lake George basin, eare-

cially neer the bays, whereas brown colors are. present near the west shore. 

The sediments of the lake bottom in t~e Narrows and contiguous areas 

consist of a varved glacial clay in which iron~manganese nodules occur 
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(Schoettle and Friedman, 1971). These sedtments are unique among the 

Lake George bottom sediments. 

DISCUSSION 

Figure 5 shows an approximate linear relationship between organic 

carbon content and percent clav size «2~) constituents. Although this 

relationship is only qualitative and appro~imate a comparison of figures 

3 and 4 shows that an increasing amount of clay is paralleled by organic 

carbon enrichment. By contrast the more sa:ndy the sediments the lower 

the organic carbon content. As the organi~ carbon analyses show one of 

the most abundant constituents in the sediments of Lake George is the 

organic matter. 

A comparison of the bathymetric contours (Fig. 1) with the distri-

bution of the clay size constituents (Fig. '3) shows that in both south and 

north Lake George basins the deeper parts of the lake are underlain by clay. 

The shallower parts of the lake are bottomed by sandy sediments. In fact 

this comparison shows that shallows and sandy sediments match to the ex-

tent that the two sandy tongues in the centler of the southern lake basin 

follow shallows that advance into the lake from the western shore. Ex-

ceptions to this general rule, Le. increas:e in sand as the bottom shoals, 

are the bays in the southern Lake George ba:sin which are sha 110101 but con-

ta:'.n large masses of attached aquatic plant:s (macrophytes) which baffle or 

trap clay-size material, and the area of th:e Narrows in which varved glacial 

clay flool"s the lake bottom at depths of 1e,,8 than 50 feet. A comparison of 

the bathymetric contours (Fig. 1) with the distribution of the organic carbon 

(Fig. 4) likewise shows a parallelism. The, deeper parts of the lake are under-

lain by sediments with s higher organic carbon content than the shoals which 

are floored by sediments with a lower orgsnlc carbon content. The bays with 

I ______________ +-_________________________ 1 
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abundant macrophytes on the east shore of the south Lake George basin 

which are shallow and in which the organic carbon content of the sedi

ments is high are an exception. In adjacent Lake Champlain organic-rich 

muds are also most common in deeper water (> 50 ft. deep) where wave and 

current action are at a minimum, where fine ,particulate matter can accu

mulate, and where the oxidation of organic matter is low, (Hunt and Henson', 

1969). 

Hence comparing. bathymetry, clay content, and organic carbon content 

shows that an interrelationship exists bet«een these variables. As a gen

eral rule clay and organic matter content r~se in the sediment of the deeper 

pal:ts of the lake. A fourth correlatable variable is bottom sediment color 

at the water-sediment interface. The sediments containing a high organic 

carbon content are black in color indicating reducing conditions for at 

least a part of the year, whereas those. brown in color are.usually sandy, 

and contain a low organic matter concentration suggesting surface oxidizing 

conditions. However, even the bro«n color turns downward into black. Using 

the south Lake George basin as an example a progressive color change can be 

traced from black in the east to b1"own in tl).e west as the sediments become 

sandier .and less organic-rich. Commonly, e$pecially in the northern part 

of the south Lake George basin, this change correlates with progressive 

sha 11ow1ng of the lake bottom. 

The high organic carbon content of the bays in the south Lake George 

basin )'esults from the decomposition of actively growing aquatic plants 

(macrophytes) that live in the bays. MoreOller marshes feed the bays and the 

attached aquatic plants baffle the introduced fine-grained organic-rich de

tritus which hence accumulates in the bays. Beds of Nitella occur in the 

three large bays along the southeast shore pf the southern Lake George basin. 
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The recognizable structural organic !!\Stter in the nearshore sedi-

ments consists dominantly of leaves, needl~s, spore capsules, and tree 

bark which enters the lake mostly in the fall, when the trees shed their 

leaves and wind and water carry the debris into the lake. This organic 

matter also gets trapped in the deeper par~s of the lake where it becomes 

progressively degraded and unrecognizable. Hence a large share of the in-

coming sediment load consists of the annua~ crop of organic material con-

tributed by the vegetation in the Lake George drainage basin. 

In addition phytoplankton contributes to the high organic matter 

content of the sediments. A comparison of the organic carbon content of 

the clay-siz~ Aediments in the deeper part, of the southern Lake George 

basin with that in the northern Lake GeoJ:ge basin shows that the sediments 

of the southern basin are by and large ricber in organic carbon (Fig. 4, 

Table 1). This increase in organic carbon,correlates with the higher 

phyto~lankton productivity in the southern basin. Phytoplankton productivity; 

2~ times higher in the southern than in thl!) northern basin (Stross, 1970). 

Increasing phytoplankton activity relates to man's impact on the waters of 

the lake. The southern basin is mesotroph,[c; its shores are lined by houses 

and Lake George village (Fig. 1) occupies a part of the most southern shore-

Hne. By contrast the northern Lake Georgie basin which is oligotrophic, 

has no permanent settlement along its shorie. Hence the higher organic mat-

ter content in the southern Lake George ba!sin relates to increased phyto

olankton productivity caused by man's activity along the shores. 
, 

In the northern basin between Hulet~s Landing and the Narrows (Fig. 4) 

the organic carbon concentration of the ll\ke bottom sediments exceeds that 

of the rest of the northern basin between Ticonderoga Creek and Huletts 

Lan1ing. The higher organic carbon concentration of the lake bottom sediment 

--------------------,-----r------____________ i 
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I 
between Huletts Landing and the Narrows could be related to increased 

phytoplankton productivity as a result of summer activities by campers 

on the islands in the narrows. 

The clay size material other than orglmic matter consists of quartz 

and clay minera Is derived from the loca 1 metamorphic and igneous bedrock 

and the glacial sediments. 

One of the most significant exceptions to the interrelationship 

between bathymetry and clay and organic matter content occurs in the area 

of the Narrows. Here the lake bottom is flbored by a tough greasy varved 

glacial clay of brown coloration. The lake floor in the Narrows is less 

than 50 feet deep, although R.A. Park (personal communication, March, 

1971) has noted a depth of 90 feet at one place. The varved glacial clay 

is relict from the glacial lake stage at the end of the Pleistocene; the 

brown coloration indicates dominant oxidizihgconditions. This varved 

clay serves as host to iron-manganese nodules which occur in the upper-

most 5 cm of the clay (Schoettle and FrIedman, 1971). Some parts of the 

Narrows are solidly floored wIth a: carpet of nodules. Iron-manganese 

nodules are confined to a stretch of lake e~tending for about 5 miles 

north and south of the Narrows. In this stretch of lake where the varved 

glacial clays occur currents have prevented' the annual crop of organic mat-

ter from accumulating and have kept exposed the ancient glacial clays. We 

have radiocarbon-dated the iron-manganese nodules and obtained a radio-

carbon date of 3,316 :!: 475 years (calculated by Mobil Research and Devel-

opment Laboratory, Dallas, Texas; S M 1322). This 'age confirms the absence 

of modern sedimentation in those areas where nodules floor the lake bottom. 

The lake bottom elsewhere should also be underlain by varved glacial clays 
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but modern sediments, particularly a fine-g;rained clay-size material, in 

large part organic, have covered up the 01<1 glacial clays. 

The sandy sediment near the shores, tike the varved glacial clay, 

is also mostly relict deriving from Pleistocene moraines, glacial deltas, 
, 

and drumlins. The complex mineralogy of tlle heavy minerals indicates an 
, 

igneous and metamorphic source which can be from almost anywhere in the 

Adirondack Mountains or the Canadian shield. 

Hence two types of sediment floor La~e George: 1. relict glacial 

sediments and The glacial sediments include 

those related to the ice sheet, mostly san~y sediments and t.hose that 

2. modern sediments. 

originated during the glaCial lake stage, mostly varved clays. Over 

most of the lake the glaci.al sediments hav~ become concealed below a cover 
, 

of organic-rich clays. In parts of the la~e where currents have kept 

glacial sediments exposed, iron-manganese nodules have grown. In these 

a~eas, mostly the Narrows and contiguous areas, modern sedimentation is 

non-existent. These areas of non-existent sedimentation are small when 

compared with the extent of the entire lake. In most of the lake, sed!-

ment accumulates rapidly on the lake floor; sedimentation is seasonal 

with organic matter accumulating in large amounts during the fall of each 

year. The lake acts as a trap for the annual crop of organic materials that 

grows in the Lake George drainage basin as :well as in the lake itself. 

Hence the lake is becoming progressively filled in. The sediment accumulates, 

particularly in the deeper parts of the lake basin, until ultimately the 

lake will become shallow as the result of sediment accumulation and finally 

is likely to fill in. Man's impact on the 'lake is accelerating this process 

by enhancing plant productivity, especially in the southern lake basin. 

-------------------------r------___________ ~I 
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Fig. 1 

Fig. 2 

Fig. 3 
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FIGURE CAPTIONS 

Index map of Lake George, N. Y., showing sampling 

stations, bathymetric con~ours, and iron-manganese 

nodule occurrences, with {nset map of New York State. 

Capital letters indicate Jample traverses (as shown), 
• i 

numbers are stations within a given traverse line. 

Triangles (marked by lettElrs St. followed by a number) 

are stations between travElrse lines. 

Classification triangle of size distribution of Lake 

George bottom-sediments. 

Generalized size-distribution of Lake George bottom-

sediments. 

Generalized distribution ~f organic carbon in the bottom-

sediments of Lake George. 

Scatter diagram showing relationship between clay-size 

fraction and organic carb~n content in bottom sediments 

of Lake George 
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Table 1 

Grain Size and Organic Carbon Distribution in 

Lake George Sediments. For LocatiOn of Station Numbers 

Refer to Figure 1. 

Station Water Depth Sand Silt Clay Org. Carbon Remark: 
No. (m) (feet) % % % % 

Al 2 6 varved cli 
2 1 3 97.69 1.16 1.15 0.14 
3 2 6 1.07 46.57 52.36 4.27 

Bl 36 109 4.81 33.64 61.55 6.05 
2 24 73 20.47 34.54 44.99 3.70 
3 4 12 98.34 1.16 0.50 0.43 

C3 31 94 81;15 111.35 7.50 0.83 
St.7 22 71 9.94 j3.98 56.08 5.80 
C/D 45 136 0.46 24.03 75.51 6.05 
Dl 21 64 7.34 25.92 66.74 5.45 

2 44 132 0.98 '1.7.23 71.79 5.84 
3 13 39 96.15 3.12 0.73 0.82 

El 25 76 7.33 48.28 44.39 5.38 
2 39 118 0.23 26.32 73.45 6.24 

I1 19 58 5.26 49.20 45.54 6.27 
2 41 124 1.25 22.79 75.96 5.87 
3 31 94 17.21 42.11 40.68 4.56 
4 6 18 86.53 9.62 3.85 0.73 

St.6 19 58 89.49 5.62 4.89 0.87 
Gl 10 30 96.38 2.41 1.21 0.54 
2 36 109 1.12 27.13 71.75 6.52 
3 14 42 53.55 17.16 29.29 3.31 

HI 10 30 90.32 8.84 0.84 0.68 
2 43 130 0.92 26.32 72.76 5.81 
3 41 124 1.14 29.75 69.11 5.95 

J1 3 9 97.44 2.01 0.55 0.21 
2 25 76 16.41 33.12 50.47 5.23 
3 11 33 94.17 4.70 1.13 0.66 

St.5 16 49 14.98 30.70 54.32 5.22 
K1 14 42 86.50 7.51 5.99 0.90 

2 17 51 21.74 32.95 45.31 5.29 
3 7 21 82.29 11.77 5.94 1.32 

11 15 45 49.64 19.77 30.59 4.15 
2 24 73 1.37 29.75 68.88 6.42 
3 9 27 92.82 6.24 0.94 0.85 

M1 12 36 10.98 n.l0 27.92 B.1B 
2 14 42 29.97 24.97 45.06 6.35 
3 9 27. 83.35 13.53 3.12 1.05 

N1 12 36 57.23 21.13 21.64 5.00 



Table 1 (cont'd.) 

;tation Water Depth 8and Silt Clay Org. Carbon Remarks 
No. (m) (feet) % % % % 

. N2 23 70 iron-mangan 
nodules 

3 14 42 8.89 35.11 56.00 7.50 
N/N2 26 79 0.42 24.87 74.71 8.03 

N21 13 39 7.78 31.58 60.64 8.95 
2 14 42 46.24 17.92 35.84 3.90 

N/O 25 76 0.46 29.52 70.02 7.50 scattered b 
shale-pebbl 

01 16 49 1.57 34.49 63.94 8.82 
2 5 15 76.00 10.30 13.70 2.36 
3 14 42 4.14 37.47 58.39 10.22 

P21 II! 36 3.57 29.69 66.74 9.03 
2 27 82 0.62 26.33 73.05 6.91 
3 15 46 12.22 37.09 50.69 10.70 

8t.4 17 51 3.21 26.54 70.25 8.75 
4/1 26 79 1.15 31.12 67.73 7.32 
4/2 23 70 0.69 29.75 69.56 7.37 
4/3 23 70 iron-mangan 

nodules 
4/4 21 64 
4/5 16 49 74.19 13.32 12.49 1.67 
PI 10 30 35.17 31.22 33.61 6.74 

2 22 67 1.83 44.62 53.55 9.72 
3 14 42 11.64 42.76 45.60 13.70 

'P/Q 21 64 0.42 32.67 66.91 8.02 
Ql 9 27 45.37 27.26 27.37 4.68 

2 20 60 59.00 14.36 26.64 2.85 scattered 1 

3 15 45 2.52 
shale-pebbl 

37.30 60.18 6.72 
4 16 49 11.19 37.53 51.28 7.69 
5 36 109 iron-mangan 

nodules 
Rl 12 36 10.75 28.60 60.65 9.55 

2 23 70 iron-mangan 
nodules 

3 55 166 2.63 27.19 70.18 8.77 
4 28 85 iron-mangar. 

nodules 
81 18 54 3.20 43.71 53.09 7.22 

2 18 54 1.70 34.80 63.50 7.67 
3 19 57 12.30 28.60 59.10 6.75 
4 52 158 0.46 33.18 66.36 7.77 
5 17 51 2.06 37.07 60.87 11.22 

I ______________________________________ ~------------------------------I 



Table 1 (cont' d.) 

:tation Water Depth Sand Silt ' Clay Org. Carbon Remarks 
No. (m) (feet) % % % % 

St.3 20 60 78.77 11.76 9.47 1.65 
T1 5 15 17.90 46.12 35.38 7.17 

2 7 21 88.30 7.00 ' 4.70 0.74 
3 34 103 iron-mangan. 

nodules 
4 45 136 0.21 22.06 77·73 7.98 
5 50 152 0.32 28.30 :71.38 7.60 

U1 3 9 97.50 2.00 : 0.50 0.20 
2 23 70 
3 30 91 86.60 8.10 ' 5.30 0.99 
4 38 115 0.31 24.25 ,75.44 8.11 
5 42 127 2.19 29.76 68.05 8.92 
6 7 21 3.42 31.56 65.02 11.46 

V1 4 12 76.40 19.80 ·3.80 0.52 
2 35 106 iron-mangan 

nodules 
3 27 82 0.62 48.72 50.66 8.25 
4 15 45 4.48 33,.92 61.60 10.34 

W1 23 70 2.97 39.13 57.90 7.20 
2 20 60 9.15 37.53 53.32 6.94 
3 12 36 15.33 32.49 52.18 7.91 
4 18 54 30.66 36.84 32.50 5.29 
5 9 27 33.90 35.42 30.68 6.41 

Xl 16 49 22.43 38.44 39.13 7.14 
2 15 45 13.04 40.96 46.00 7.92 
3 8 24 87.20 7.60 ' 5.20 0.65 ' 
4 8 24 35.47 32.95 31.58 5.10 
5 10 30 3.20 44.39 52.41 12.14 
6 7 21 4.58 40.37 55.05 13.22 

st.2 18 54 59.26 18.11 22.63 2.91 
Y1 10 30 20.14 48.97 30.89 7.58 

2 22 67 1.83 37.07 61.10 8.10 
3 12 36 2.97 48.05 48.98 9.67 
4 4 12 21.28 40.91 37.81 11.10 

Zl 10 30, 73.711 16.65 9.57 2.85 
2 33 100 1.87 6.14 91.99 8.00 
3 13 39 0.73 33.30 65.97 10.40 
4 6 18 2.19 32.57 65.24 20.24 

Il 10 30 63.89 20.29 ,15.82 2.17 
2 33 100 1.83 72.08 '26.09 8.31 
3 33 100 3.43 44.16 52.41 8.82 

st.1 18 54 75.00 14.11 10.89 2.56 
III 10 30 73.15 15.40 11.45 1.12 

2 18 54 1.56 50.88 47.56 8.12 
3 20 60 1.83 56.06 42.11 7.47 

IIIl 6 18 34.90 38.42 26.68 5.41 
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