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HEAVY MINERALS ON THE CONTINENTAL SHELF OF THE NORTHERN BERING SE&

RKOLLA VERKATARATHNAM

Lamont-Doherty Geological Observatory, Palisades, New York 10964

INTRCDUCTION

This report was prepared as part of a research contract awarded to the
Department of Oceanography of the University of Washington, by the Office
of Marine Geclogy of the United States Geolegical Survey. The study is i
concerned with the northermmost part of the Bering Sea which is bounded by
land masses - the Seward Peninsula, the Yukon lowland, St. Lawrence Island,
and the coast of the Chukotka Peninsula, Siberia (Fig. 1). A great variety
of rocks and minerals [metals ikcluding the econcmically useful ones) are
present on these land masses (NELSON and HOPKINS, 1969; SAINSBURY et al.,
1962; SAINSBURY, 1970a). An attempt is made in this report to study the
nature and distribution of sediments with regard to grain-size, lithology
of pebbles and cobbles and mineralegy of the sands and to relate the
sediments to their respective provenances, and then trace the migraticn
routes of the sediments. Based on the grain size, heavy minerals and color
of the sediments, certain strandline relict deposits are also distinguished.
Where possible, the relation between the economically useful metals - gold
and copper, and certain mineral assemblages, is pointed out.

Geologic and oceanographic setting

- The following information on the geology of the land surrounding the
Northern Bering Shelf ig taken from DUTRO and PRYNE (1957), NELSON and
HOPKINS (1962), and SAINSBURY {1270a, b).

Quaternary alluvial, glacial and eolian deposits are common throughout
the area. The Seward Peninsula and the Chukotka Peninsula were glaciated i
during the Pleistocene time and the glacial @rift reached and extended well .
beyond the present ghoreline (HOPKINS, 1967; PETROV, 1967; NELSCON and
HOPKINS, 1969; GRIM and MCMANUS, 1970). Seaward Peninsula is composed of
pre-Cambrian and early Paleozoic metamorphic rocks {schistose and gneissic
rocks) , Paleozoic sedimentary rocks (iimestone, slates, phyllites),
Quaternary basalts, granitic plutons and numercus dykes {ranging in com—-
position from diabase to rhyclite). The northern Chukotka Peninsula is
underlain by a similar sequence of rock types; but here, the grarnitic
plutonic reocks are more widespread and domipant than in Seward Peninsula.
The southern Chukotka Peninsula is underlain by late Mesozoic volcanic and
some plutonic rocks. Some metamorphic and sedimentary rocks are also present,
exposed in structural highs. The western part of 5t. Lawrence Island is
primarily composed of granitic rocks, the central part of Quaternary basalts,
and the sastern part, again, of granitic rocks. The Yukon River drains
Mesozoic and Tertiary sedimentary rocks, Mesozoic volcanics {mainly basalts,
with scme andesites, dacites and rhyolites) and some pre-Cambrian metamorphic
rocks in the upper reaches of the river (DUTRQ and PAYNE, 1357). Quaternary
basalts are common in the Yukon drainage basin but compared to the other
types of rocks, they are less significant. The presence of basalts on the
southexrn shores of Norton Sound, however, is noteworthy. Much of the
northern Bering Shelf is underlain by a priswm of Tertiary sediments locally
reaching thickness excess of 5f°°° feet (SCHOLL and HOPKINS, 1968).



Fig. 1.

Map showing the geographic divisions of the study area.

Studies on the grain size of the sedinmgnts and bathymetry of the
area were reported by CREAGER and McMANUS (1967) and studies on selsmic
profiling by MOORE (1960) and GRIM and McMANUS (1970). The sediments in
the nearshore areas off Nome, were studied in detaill by RELSON and HOPKINS
(1969) and several glacial drifts, outwash, alluvial and strandline deposits
were distinguished by them. The occurrence and dispersal of particulate
gold in the sediments of the Chirikev Basin has also been studied by
NELSON and HOPKINS (1369). VENKATARATHNAM and McMANUS (1969) and
VENKATARATHNAM (1969) briefly reported on the heavy minerals of the sands
and lithology of pebbles of the sediments of the shelf. The presemt report
is, however, a comprehensive account of the nineralogy of the sands, the
grain-aize distribution of the sediments, and the lithology of gravels and
pebbles of the Northern Bering Shelf.

Bathymetry

Over most of the region, the water is less than 50 m deep. The
bottom i3 relatively featureless except for some minor ridges and depressions
(Fig. 2). Off Port Clarence at depths of 12 m and 20 m, and between the
eastern part of the St. Lawremce Island and Yukom Delta, at depths of about
20 @, submerged ridges of depositionzl origin are present (GRIM and McMANUS,
1970). A broad shallow depression tremding northwest-southeast occurs in the
central part of the Chirikev Basin and this can probably be traced south-
eastward into the westernmost part of Norton Sound. A few depressions and
valleys of restricted areal extent are present off Seward Peninsula, in
places off St. Lawrence Island and off Golovnin Bay. A broad depression with
maximum depths exceeding 50 m extends from Anadyr Strait to Bering Strait.

A recent batbymetric chart of the Chirikov Basin published by the U. S. COAST
AND GEODETIC SURVEY (1969) provided many other details.

Currente

Strong currents of one knot or more move along much of the coastline,
and bottonm currents intermittently reach speeds of nearly three knots
{150 cm/sec} in the eastern Bering Strait (FLEMING. .and HEGGARTY, 1966;
Fig. 3). In the Nome regicn, Nelson and Hopkins reported current flowing
internittently and suddenly at speeds up to nearly twe knots {100 cm/wec)
either eastward or westward parallel to the coast. In the central parts of
the Chirikov Basin, relatively low current speeds prevail and mo currents
stronger than 1/2 a koot (25 cm/sec) have been reported.

Moving ice covers the sea for about seven months of each year.
Pressure ridges of ice occasionally become grounded in deptha as great as
15-30 m below sea level and this grounded {ce "bull dozes” the bottom
sediment for short distances on the sea floor {NELSON and HOPKINS, 1969).

Rivers

The Yukon River is the lgrgest river of the Bering Sea catchment basin
with an annual runoff of 185 km™/year (LISITSYN, 1966). Thie river enters
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directly into the study area. Other rivers directly draining into the

area are small and the data on their water- or sediment-discharges are

not available., Two important rivers, the Anadyr and Kuskokwim with an annual
runoff four to five times less than that of the Yukon, drain into the
nearby Bering Sea areas south of the present study area (LISITSYN, 1966).

METHODS OF STUDY

Size analysis of sediment samples has been done by standard
sleving and pipette techaiques. The data from about 250 samples are used
in the present study and include those of CREAGER and McMANUS (1967) and
McMANUS et al. (19693 Fig. 4).

Heavy-mineral separation has been done on 204 samples in two size
fractions of the aand 1-2.75¢ and 2.75-4.04 using methylene iodide
(sp. gra. 3.14~3,17) as heavy liquid. The data on the heavy residues
{the material with specific gravity >3.14 -3.17) of these two sizes, and
the individual heavy minerals counted umder the microscope are given in
Tables I, II and IXI. An examination of about 120 samples of heavy
minerals in two separate sizes, it was hoped, would help to evaluate the
effects of grain size on the mineral composition. Special studies on the
varietal characters of zircons of six samples have also been made to see
how this particular mineral is different in the different avreas. Light
minerals of selected samples have also been examined by staining technique.
A preliminary examination of lithology of the pebbles and gravels from all
over the area has been made as an aid in determining whether the migration
routes of sand and coarser material are the same or different.

RESULTS OF STUDY
Grain size distribution

Gravel {(>2mm or ~1¢) is locally abundant in several places and is
a predominant component of the sediments off Cepe Prince of Wales, off
Nome-Port Claremce and off St. Lawrence Island {Fig. 5). The extemt and
trends of these gravels may provide information in certain cases as to the
directions from which they were derived. The lithology, size, shape and
roundness of pebbles and gravels in the nearshore areas off Nome have been
studied in detail by HOPKINS (personal communication) and in part reported
by NELSON and HOPKINS (1969). GRIM and McMANUS {1970) reported the
oceurrence of possible Pleistocene morainal sediments buried under the
younger sediments extending part of the way between the Bering Strait and
St. Lawrence Island.

Much of the Chirikov Basin is carpeted with sand (Fig. 6). In
Norton Sound sand dominates only just off Golovmin Bay. Much of the area
between St. Lawrence Island and Yukon Delta is alsc composed of sand,
except for a pmarrow band of fine material near the Yukon River. The
fine-grained sediments (sflt and clay) are confined mostly to Norton Sound
and Port Clarence Bay (Fig. 7). The distribution of fine sediments in
the Nortom Soumnd and in the eastern part of the Chirikov Basin, is an
indication of the extent of the dispersal of the Yukon silts.

All samples were analyzed

Location of bottom sediment samples used in this study.

for grain size. Only the samples indicated by the triangles had the heavy minerals separated.

4.

Fig.
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Percentage distribution of mud (silt + clay) in the bottom sediments.

In much of the Chirikov Basin, the mean size of the sediments
(FOLK and WARD, 1957) falls in the fine sand and very fine sand ranmge,
and in the Horton Sound, in the coarser silt range except off Golovnin
Bay (Fig. 8). In general, the mean size increases towards the shores,
the increase being definite in the areas of gravel sediments. Prominent
modes in the sand grade material in the central part of the Chirikov
Basin, fall between 2¢ aud 34 and only rarely decrease to 3.5¢. In the
areas of gravel sediments, the sizes of the sand modes increase to
coarser than 2¢, and in the areas of fine sediments the sizes of the
sand modes decrease (3g-44). In some gravel-rich sediments off Nome and
in the fine sediments of Horton Sound, material with distinet silt-size
modes are frequently present.

Using the statistical parameters of FOLK and WARD (1957), well- to

) noderately-sorted sediments are present on the sand ridges and sometimes

in the chanmels between the St. Lawrence Island and Yukon Delta, on the

‘sand ridges off Port Claremce Bay, off Northwest Cape of St. Lawrence

Island (28-36 m depth), and in a few restricted areas elsewhere (Fig. 9).

Much of the area, however, is dominated by poorly sorted sediments; within
these, usually, the gravel-rich sediments aed the fine sediments near the

Yukon River are more poorly sorted.

Positive skewness values are characteristic of the sediments in

. general (Fig. 10). Some of the well sorted sedimemts, but not all, are

negatively skewed and in a few cases, the poorly sorted sediments are also
negatively skewed, The maximum skewness values are found in the poorly-

. sorted sandy sediments and in the Yukon silts; the gravel-rich sediments

in germeral are less positively skewed.

To summarize the grain-size characteristics, the mean size of the
gediments increases fm a general way towards the shorea. The gravel-rich
sedinents, besides gravel modes, have coarse sand modes and coarse silt
modes, and are extremely poorly sorted with usually high but not extreme
positive skewness values. Well-sorted gravel-rich sediments are found in
a few localities. On the basis of a detailed study of many samples, HOPKINS
{personal communication) distinguished well-sorted gravel deposits besides
the poorly sorted ones in the area off Nome. In the Chirikev Basin, the
sandy sediments have fine sand wodes; in a few places these sediments
are well sorted and are both positively and negatively skewed. In much of
the area the sandy sediments and the fine sediments of Norton Sound are
goorly sorted, with extreme positive skewness values.

Color of the sedimenta

Usually the color of the sands, is gray. Some sands, however, are
reddish brown or brown with weathered angular grains. These sediments,
which are also well sorted, occur as the submerged sand ridges (at 12 and
20 m) opposite Port Clarence, including the send wave area there (JORDAN,
1962), and off Northwest Cape at 34-36 m.

J:Sithalagy of cobbles and pebbles

Off Nome, pebbles and cobbles of usually quartzites, micaceous
quartzites, quartz-micaschists, garnet-hornblende schists, cale-gilicate

12
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Fig. 10.

pistribution of phi skewness values of tlie bottom sediments.

rocks and sometimes granitic rocks as off Sledge Island are present.
Detailed gtudies om lithology, shape and roundneas characteristics of
the pebbles and gravels off Nome area by D. M. Hopkins of the U. S.
Geological Survey, are in progress. )

Off York in the shallower areas (34 m depth) angular gravels
conposed mostly of limestone, slate and some acid volcanics are preseat.
In somevhat deeper areas, at 48-50 m, quartzites, acid volcanics {(dacite,
riyodacite, quartz latite, andesite and divitrified glass), and some
limestones, sandstone, cherts and granitic material are present. At
both the sbove depths, schistose rocks are pl ly absent.

Off Cape Prince of Wales in the Bering Strait, gravels and pebbles
of granites and granitic gneisses, epidiorites, limegtones and slates are
common. Occasionally acid volcanics and olivine basalt are also present.
In the western Chirikov Basin, at a location of about 64°20°N 170° 15'W g¢
34~40 m depths, acid volcanics (andesite, dacite, quartz latite and
rhyolite)and gramophyre with some altered basalts and diabases, and
granitic rocks are present. Occasionally fresh olivine basalt and
sedimentary rocks such as limestone and sandstone are also present.
Landward of this location toward the ceatral part of 5t. Lawrence Island,
pebbles of fresh olivine basalt become more dominant. In these areas,

i'.n contrast to the area off York, quartrites are absent, and limestones
are infrequent.

Off the Northwest Capa in Anadyr Strait, acid volcanics and
altered baszlts (and diabases) with some granitic material are common.
Fresh olivine basalts are absent. Pebbles of altered andesites and
diabases have some metsllic {copper) sulphides and some of the associated
sands have copper flakes. These gravels are for the greater part angular.
East of this area in the Chirikov Basin at depths of 34~36 m rounded
pebbles of acid volcanics coated brown-red are characteristically presenat.
The sands associated with these sediments are also browm-coated and
the sediments as a whole are well sorted as mentiomed earlier.

Beavy mineral composition of the sediments

On the basis of the amounts of heavy residues in the 2.75-4.08 size-
grade material, the Chirikov Basin is broadly divisible into three
areas, two of which have relatively high concentrations and are separated
by an area of low content trending approximately northwest-scutheast along
the broad shallow depression in the central part of the basin {Fig. 11).
Compared to the Chirikov Basin, an area of low heavy mineral percentages
cccurs in Norton Sound, where relatively high concentration of heavy
minerals are present only near Nome and Golownin Bay. Between the eastem
end of St. Lawrence Island and the Yukon Delta, there are relatively high
contents of heavy minerals at depths of 20 m, corresponding to the mininmm
depths of the sand ridges there and at slightly grester depths in the
nearby areas. Off Port Clarence, high amounts of heavy minerals are

present on the submerged sand ridges and in the sand wave region. They
are also abundant farther south and off Nome at about 28-36 m, which nay
corregpond to a location of other ridges (see Fig. 2), and near

St. Lawrence Island, off the Northwest Cape at 30~36 m depth in the area
of brownish sedfments, in the nearshore areas off the central part and off
Northeast Cape.

16
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In general, the distribution pattern of heavy mineral comtent
in the 1~4§ size fraction is gimilar to that of the 2.75-4¢$ sand
fraction (Fig. 12), although the concentrations are greatly reduced.
This is b the 8 of heavy minerals in the 1-2.754 sand
grade are low in proportion (Table I). The areas of sand ridges off
Port Clarence and off Nome, and betweem the 5t. Lawrence Island and
Yukon Delta, tend to have high amounts of heavy minerals in 1-4¢ size.
Hot all the samples with relatively high concentrations of heavy
minerals in the fine sands, however, have high amounts in the 1-4p size.

The heavy minerals identified and ed are: opaques,
orthopyroxene {mostly hypersthene), clinopyroxene, amphibole (mostly
horeblende), epidote, sphene, olivine, garmet, apatite, zircon, staurolite,
Of these minerals, clinopyroxens,
garpet, orthopyroxeme, rock-fragments and amphibole are usually present
in high proportions.

Clinopyroxene. 1In 2.75-4¢ size fraction, clinopyroxeme is present
in high concentrations off the Yukom River, in Rortom Sound, in the
westernmost part of Chirikov Basin, and off the ceantral part of
St. Lawrence Island (Fig. 13). The maximum abundance cccurs off the
central part of St. Lawrence Island and in the easternmost part of
Korton Sound. Near Golovnin Bay, it is less common than in the rest
of Norton Sound and drops to a winimum off Nome. Between Port Clarence
and Cape Prince of Wales, there are two areas of alternately low and
high percentsges of climopyroxene. A high percentage off the central
part of St. Lawrence Island is bordered on either side by areas of lesser
percentages. In the westermmost part of the Chirikov Basin, again,
clinopyroxene tends to increase.

In the coarser sand fraction (Fig. 14), many of the samples off
the Yukon River have wery little heavy residues and hemce coumting of
thege sigze fractions is not relfable. &long a line of stations between
the Yukon River and the easterun part of St. Lawrence Island, in the sandy
sediments, clinopyroxeme in the coarser fractions tends to be as high
as in the finer fractioms, and these percentages may alsc be representative
for the coarser fractions of Norton Sound. In the rest of the area, the
distribution 1s broadly similar to that in the fine sand.

Olivine. The distributions of olivine in both the ccarse and fine
sands are nearly the same (Fig. 15, 16). The small differences probably
are not significant in view of the usval inadequate amounts of heavy
minerals in the coarser fractions.

0livine occurs in very low parcentages throughout much of the
region. However, it is common Juat off St. Lawrence Island and im the
eastern part of Nortozm Sound, attaining maximum abundances off the central
part of the St. Lawrence Island and in the areas near Stuart Island.
The maximum abundance of olivine off St. Lawrence Island is not at the same
location as the maximum abundance of clinopyroxeme. Olivine is present in
soxewhat lower amounts in places near Cape Prince of Wales and Port
Clarence.

18
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Garnet. Tha garnet minimum occupies much of Norton Sound aad
the western Chirikov Basin (Fig. 17, 18). The maximum percentage of
garnet 1s found off Nome with a gradual decrease away from the Nome
area. The distribution of gold (NELSON'and BOPKINS, 1969) off Nome
is similar to that of garnet, the difference being that the decrease
of gold away from Nome is rather abrupt and sudden. The distributions
of garnet in both the fine and coarse gizes is similar. Between
St. Lawrence Island and the Yukon delta, rélatively high amounts of coarse
garnet are present on one of the ridges, Fihser.grained garnet occurs in
the adjacent depression that is in somewhat bathymetric continuity with
the area of very high garnet off Nome.

Opaque minerals. Opaque minerals attain their maximum abundance
off Nome, Port Clarence, and in some places off Cape Prince of Wales
{(Fig. 19, 20). In these areas, the distribution of opaque minerals
reseables that of garnet. The westernmost section of the Chirikov Baein,
including areas off the Northwest Cape of St. Lawrence Island and part
of Anadyr Strait, also contain high proportions of opaque minerals,
among which are common metallic flakes that were identified by micraprobe
analyzer to be mostly copper and some copper-iron sulphide. The acid
volcanic pebbles described earlier are associated with these sands.

The opaque minerals are present in low proportions inm much of Nortonm
Sound, except its easternmost part.

Amphibole (hornbiende). In the 2.75-4¢ size fractiom (Fig. 21),
hornblende is relatively abundant opposite Golovain Bay, in a restricted
area off the Yukon River, in a few localized places off Nome, off
Hortheast Cape, and in the westermmost part of the Chirikov Bagin. In
the rest of the region, it occurs in relatively low percentages. In
the 1-2.75¢ fraction (Fig. 22), the percentage of hornblende is high off
Golovnin Bay and in the westernmost sectiom of the Chirikov Basin. In
spite of the many low valuea in the Norton Sound off the Yukon River,
it is gometimes presemt erratically in high amounts. This may be partly
due to the small amount of material of 1-2.758 size that causes am
inzdequacy of the samples for mineral-counting. Glaucophane has baen
observed occasionally in traces off Nome and Port Clarence.

Orthopyroxens (hypersthene}. This mineral is more abundant
in Norton Sound pear the Yukon River, especilally in the sandy sediments
between the Yukon Delta and St. Lawrence Island (Fig. 23, 24). The sandy

' sediments farther away from the Yukon Eiver im the Chirikov Basin, however,
. contain lesser amounts of orthopyroxzene.

Epidote. Epidote in both the size fractions is maximum uear
Rome {Fig, 25, 26). In parts of Norton Sound scmewhat farther from the
Yukon River, in the central part of the Chirikov Basin and off the Cape
Prince of Wales, the mineral is also present in relatively high proportionms.
The distribution of epidote in the coarse fraction off NHome is aimilar to
that of garnet.

Chloritoid and stauroiits. The distributions of these minerals
are very similar (Fig. 27 ~30). In general, both chloritoid amd staurolite
are present in high amounts in the northern parts of the Chirikov Basin
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and Norton Sound. High ts of both minerala, especially in the
coarge fractiom, are associated with the high garnet cdntent of a
ridge and channel between St. Lawrence Island and the Yukoa Delta.

Rock fragments. The proportions of rock fragments in both the
grade sizes, are higher in Norton Sound off the Yukom River and in the
central part of westera Chirikov Basin (Fig. 31, 32). In the coarser
€raction, the rock fragments tend to be present in higher proportiomns.

Sphene. This mineral is present in relatively high proportions
in the morthern part of Nortom Sound, off Golovnin Bay and off Nome, and
in the northern part of Chirikov Basin (Fig. 33, 34). The distribution
in these areas 1s more similar to that of garnet. Sphene is also
concentrated in the Chirikov Basin near Northeast Cape, and off Northwest
Cape. The presence of higher amounts of sphene unlike zircon off Nome
is noteworthy.

Ziroon. Zircon on the whole is a minor component of the heavy
minerals (Fig. 35, 36). Its presence in relatively higher proportion in
the easternmost part of Norton Sound, off Northeast and Northweat capes
and off Cape Prince of Wales, is, however, charcteristic. The consistent
low amounts of zircom in the high garnet and sphene areas off Nome is
interesting.

In order to study the varietal characteristics of zircons, the total
heavy residues for each of several samples were concentrated for zircons
by means of a Franz separator. Though the absolute amounts of zircons thus
obtained, are more than enough im all cases for the study of the varietal
characters, the relative amounts in different areas are as already described
for the counts of thig-mineral.

Zoning, color, authigenic prowths, degree of euvhedrism, r d ,
inclusions, length and breadth of 200 unbrokeu graims have been noted.
Characters other than length and breadth, have also been noted whenever
possible, for the broken grains. Only the significant characters of the
zircons are described here.

The samples analyzed are listed im Table IV. One sample is off
Nome. One 1s from the beach at Northeast Cape on St. Lawrence Island and
from a station off shore (68 ANC-147)}. Two samples are off Nerthwest Cape
{68 SU~138, 68 ANC-90B). One sample is off Cape Prince of Wales (TT 018-37),
and one sample 1s from the eastern section of Norton Sound (TT 018-9). The
percentage of zircon grains with each characteristic are listed and are pre-
gented  graphically inm Fig. 37 and 38. The designation "subhedral” refers
to grains euhedral on one end but broken om the other end; “amhedral"
refers to arains brokem on all sides.

The zircons im the Nome area {area of low zircon content) are
more rounded and less euhedral. Among the rounded zircons, hyacynths
{pink)} are common. The elongation (length/breadth) maxima occur at 1.52
(prominent} and 2.12 (less prominent) values (Fig. 39, 40). Though the
aircons off Cape Priunce of Wales (an area of relatively hiph zircon content)
are similar to those off Nome, there 1s a differemce detween the two. Ia
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Fig. 36. Percentage distribution of zircon in 1 - 2.75¢ sized heavy minerals.
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the former area, the zircons are more euhedral than in the latter area.

Many of the zircoms off Northeast Cape are euhedral and only a few rounded.

A few hyacynths have been cbserved. In the case of Northwest Cape, there are
also many euhedral zircons, but unlike those of Northeast Cape, they are
zoned. The occurrence of elongation maxima also looks distinctive (Table IV).
The zircons of the easternmost part of Norton Sound are similar to those of
Northeast Cape in their euhedrism and in their lack of zoning. The
elongation maxima of the former area, however, are different.

Light minerals. Selected samples were eyamined for light mimeral
composition, in particular quartz, K~feldgpar, and plagioclase (Tables V¥ and
V1), The distribution of quartz in both the coarse and fine sands are
similar; the percent of quartz in the coarse fractiom tends to be higher
(Fig. 41, 42). Quartz is the most dominant component in the northarn part
of the Chirikov Basin and Norton Sound, and from these areas it decreases
southward, It i interesting to note that im the area of chanmels and H
ridges between the Yukon Delta and St. Lawrence lsland the percent of quartz
in the coarse fractions temds to be high compared to the adjacent areas.

E-feldspar ig more concentrated in the finer sand fraction (Fig.
43, 454), The percent E-feldspar is maximum off Northwest and Northeast
capes and in the adjacent areas of the Chirikov Basin. K-feldspar is also

* present in relatively high proporticms in the fine sands just off Golovnin éjg

Bay and Cape Prince of Wales in the Bering Straic.

o
PORT CLARENCE

Plagioclase is also concentrated more in the fine fraction {Fig. 45,
46). In both the size fractions, plagioclase is present in maximum
proportions off the cemtral part of St. Lawrence Islend and minimum off
Nomg - Port Clarence. Off the Tukoa River, the percent of plagioclase 1is
very high compared to the central parts of Chirikov Basia. In the coarse
fractions, however, the small amount of material in each sample makes
this conclusion less certaim,

DISCUSSION

Based on the distribution of sediment characteristics, especially
the mineral content, ten sedimentary provinces can be distinguished in the
northern Bering Shelf (Fig. 47): 1) Yukonm province 1s characterized by
high amounts of clinopyroxene, uyperstheme, rock fragments, and plagioclase.
The sediments of this province are, to a great extent, poorly gsorted fine-
grained sediments, The sand modes associated with these sediments are often
in the 3-4$ range. The sediments between the Yukon and the eastern part of
the St. Lawrence Island are relatively coarser and sand-predominant. These
sediments, except in the areas of channels and ridges, have a mineral content
similar to that of the fine sediments of Nortom Sound. 2) Stuart Island
province is characterized by abundance of olivine and 13 confined to the
beaches and nearshore areas of Stuart Island im Norton Sound. 3) East-
Norton Sound province consists of high amounts of clinopyroxene and opaques,
distinct types of zircon and some olivine. &) Golovnin Bay provimce has
considerable amounts of clinopyroxene and garmet, maximum percent of
hornblende, high amounts of spheme, guartz and K~feldspar. . The amounts of
clinopyroxene are usually lesg than that of Yukon province and the garnet
less than that of the adjacent Nome province. Staurolite and chloritoid
are high In the northern part of Nortom Sound pear Golovnin Bay as also in

Fig, 41, Percentage distribution of quartz in 2.75 - 4,004 sized 1light fraction.
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2

the northern part of Chirikov Basin off Nome and Port Clarence-Cape Prince
of Wales. The sand content of the Golovnin Bay province sediments is high.
5) Nome province is characterized by high percent of garnet {maximum) and
opaque minerals and sphene. The percent of zircon is very low, but the
types of zircons are distinctive. Of the light minerals, quartz is the
dominant component., Poorly sorted coarse sediments are common in this area.
Often pebbles of schistose rocks and quartzites are associated with these
sediments. 6) Prince of Wales province: At least one (possibly more)
sedimentary province can be distinguished off Port Clarence-Cape Prince

of Wales. Considerable proportions of clinopyroxene, garnet and some
opaques and olivine, high amounts of zircon and sphene characterize the
sediments here. The sediments of this province are usually coarse
{excluding Port Clarence Bay). The pebble lithology indicates at least

two sub-provinces within the major prevince -~ one in the Bering Strait

and the other off York. 7) Chukotka province is based on relatively few
samples analyzed from the western part of the Chirikov Basin. The sediments,
however, seem to be characterized by high percent of hornblende and
clinopyroxene, opaques with often metallic flakes {mostly of metallic
copper and some of iron-copper sulphide) and sphene. The sediments are
usually sandy, although pravel predominates at places. Pebbles and cobbles
of acid volcanics with occasional presence of copper sulphides are
associated with these sediments. 8} Northwest Cape province: With the
number of samples analyzed, it may be difficult to distinguish this province
from Chukotka province. However, the higher proportion of K-feldspar and
zircon in the adjacent areas off the Cape may be characteristic. Zircon
types in this area appear distinctive. 9) Central St. Lawrence Island
province has olivine as the dominant component with high proportions of
clinopyroxene. Pebbles of olivine-basalts are common. 10) Nertheast

Cape Province: High amounts of hornbiende, considerable amount of
clinopyroxene, and high percent of zircon, sphene, and K-feldspar distinguish
this province. Distinctive types of zircon are found in these sediments.

An attempt has been made to evaluate whether the different mineral
assemblages are an efféct of sorting by size and density or the effect of
derivation from the source rocks. The plots of mean size of sediments
versus the percent of the major heavy minerals are shown in Fig 48-57.
Except for a suggestion of a small increase in amphibole (hornblende)
content with decrease in grain size, no systematic and discernible trends
are apparent. Even in the case of hornmblende, size variation does not seem
to have any systematic influence upon samples with high amounts of the
mineral, i.e. upon the samples used to delineate some provinces. Also,
supporting the lack of sorting effect upon province definitions, the varietal
characters of zircons, which indicate that at least those provinces where
this mineral has been studied in detail, are different.

Kot all minerals present in high percent in the different provinces,
are necessarily exclusive to the respective provinces, nor have they been
derived from a single suite of rocks. Where dilution of the sediment in a
province by the sediments from other provinces is suspected, it is so
indicated in Fig. 47.

Detailed knowledge of the mineralogy of the rocks on the land is lacking.
It is therefore difficult to precisely relegate the sediments of the different
provinces to their respective sources.
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-
N In view of the presence of different rocks in the drainage basin
of the Yukon River and in view of the nearness of this river, the Yukon
hond - province is believed to be wholly the result of Yukon silt deposition.
S The Quaternary basalts of Stuart Island and adjacent mainland are
rasponsible for olivine-rich sand near Stuart Island and the Quaternary
basalts of central St, Lawrence Island for the olivine-rich sediments in
= the nearby areas. The dominant presence of gramitic and some wolcanic
. rocks on the Northwest and Northeast eapes, cause the two provinces off
these capes. These provinces may also have received some sediment from
other adjacent ones. The Chukotka province with characteristic acid-
volcanic rocks, high amounts of amphiboles, clinopyroxene, opaques and
sphene, must have been derived from Southern Chukotka peninsula. The
sediments of Prince of Wales province have been derived from the terrain
of dominant sedimentary rocks (limestones, sandstones) and some gramitic,
volcanic and metamorphic rocka on Seward Pemimsula. Some of the sediments
of this province may have been derived from northern Chukotka peninsula
and from Nome province. The differences between the Nome and Golowvnin
Bay provinces, are presumably due to the differences in the source rocks
on the nearby land areas (see DUTRQ and PAYNE, 1957). The sediments of
the easternmost part of Norton Sound may have been similarly derived from

yet another source of rocks.

Working solely with the sediment texture, CREAGER and McMANUS (1967)
concluded that much of the sand of the Chirikov Basin 1s related to the
lowered gealevels, whereas the finer sediments of Norton Sound reflect
modern conditions. The present study confirms this and provides many
details on the nature and sources and dispersal of these sediments (Fig. 47).
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In Norton Sound, the differemt provinces, particularly the Yukon,
the East-Norton Sound, and Golovnin Bay provinces, can be related to
modern processes. The Nome province not only reflects a modern dispersal
but also the influence of dispersal during conditions of lowered sea levels.
HOPKINS (1967) distinguished several strandline deposits in the mearshore
areas off Nome from which some of the samples analyzed in the present study,
were collected. Ice rafting in a limited way could be important im the
nearshore area off Nome.

In the northern part of the Chirikov Basin, along the coast from
Nome to Cape Prince of Wales, the heavy minerals cccur not enly in sediments
presently affected by waves and strong currents, but also in sands at water
depths too great for water motion to exert a dominant influence om sand
dispersal. Because the mineral assemblages characterizing the sedimentary
provinces do not change significantly with depth in the northern part of the
Chirikovy Basin and because the bedrock that could supply these minerals lies
buried under a thick pile of sediments of later age, the same provenance
must have supplied the material in any given area to the locations both
within and below the influence of modern nearshore processes. This suggests

_-O‘z_—dll— that much of the sand’in the northern part of the Chirikov Basin was deposited
during the conditions of lowered sea levels.

« Mean size of the sediment versus percent orthopyroxene in

Fig. 57
1 - 2.756 sized heavy mineral fraction.

@QL‘Z-I} BNHXOHAdOHLHO 0ff the coast between Port Clarence and Nome, higher concentrations of
heavy minerals (sp. gravity 3.14-3.17) are found at depths of 12 m, 20 m and

J.NHO ¥3d 30-34 m than in the nearshore areas that have been sampled. These high
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contents occur near the submerged ridges which characteristically contain
brown or red coated sands and might reflect still stands of sea level at
these depths. The percent of garnet in the central part of Chirikov Basin
decreases sigmificantly, but is still higher than in the Yukon province
and the provinces off St. Lawrence Island. This may reflect the deposition
of these sediments by a weaker mechanism than would be presemt at still
stands, or may reflect mixing of the sediment from the different provinces.

HOPKINS (1967) distinguished beaches at 11-13 m, 20-22 m depths off
Nome east of the above mentioned high heavy-mineral areas. CREAGER and
McMANUS (1967) distinguished a stillstand at 36 m depth in the southeast
Chukchi Sea and they extrapolated this stillstand te the Northern Bering
shelf also,

At leéast part of the sediments of Chukotka province and Northwest
Cape are also relict deposits that possibly reflect glaclal transport of
material from Chukotka peninsula prior to reworkiog by the transgressing
sea. LISITSYN (1966) listed the characteristics of ice-rafted and algae~
transported sediments under present sea level conditions and submarine
zoraines deposited under past sea level conditions. Applying LISITSYN'S
(1966) criteria, it may be inferred that the usually poorly sorted angular
boulders, cobbles and pebbles of acid volcanic rocks in Anadyr Strait and
off Northwest Cape are morainal deposits. Also, off Northwest Cape at
34-36 m depth, a linear zone of well-sorted reddish brown colored sands
with high amounts of heavy minerals and with small rounded pebbles of acid
volcanic rocks described, might indicate a beach deposit,

The high concentration of heavy minerals off the eastern end of
St. Lawrence Island at depths of 20 m in the regions of ridges way also
represent former strandlines, although addicional study is required here.
The relatively high content of garnet on a ridge and in a channel compared
to the adjacent areas in this region, may indicate derivation of sediments
in part from the Nome area.

Because of considerable reworking of the sediments to be expected
threoghout the Chirikov Basin during sea level fluctuations and because of
influx of fine-sized material, only a few strandline deposits may be
detectable. The sediments in the breoad-valley like feature in the central
part of the Chirikov Basin represemt an area of low heavy mineral content as
in Norton Sound, but the minerals do not appear to have been derived to any
great extent from the Yukon River. The valley-like depressicm may not
therefore, have a direct relation to the Yukon at a time of lowered sea level.
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Welght percenteges of material

TABIE I

with specific gravity >3.15 in the different
size fractions of the Northern Bering Shelf,

1.0-2.75¢ 2.75;1;.095 1.0;.0&
Sample Heavies Heavies Heavies Mean Size
68 ANC-St5hA 2.3 2.9 2.6 1.8L
69 ANC-St88 80.6 18.7 78.0 1.72
97 0.9 5.8 3.1 2.66
St101 2.8 5.8 4.6 .92
102 0.2 3.2 3.0 3.99
103 0.5 0.6 0.6 .l
10k 0.3 1.5 1.k 3.38
105 0.5 1.5 1.k 3.96
106 0.2 1.k 1.3 k.o
107 0. k.o 2.1 3.k3
108 1.3 2.0 2,0 3.56
111 0.0k 2.7 2.4 3.36
12 0.2 13.6 3.0 2.60
113 0.1 5.5 1.9 2.94
11k 0.1 0.7 0.7 3.89
115 0.5 1.6 1.5 3.9%
116 0.01 1.7 1.1 5.14
17 0.6 1.6 1.k 4,66
1né 0.8 2.0 1.9 k.08
119 0.0 0.4 0.4 4.38
120 0.0 0.5 0.4 4,57
i 0.0 1.1 0.8 5.50
122 1.1 12,7 1.5 3.19
TF 043-Sta53a 0.3 19.8 0.5 1.87
Box Core
GRO 45, Sta57 6.1 1k.9 6.3 1.92
VYan Veen
GRO31, Stalo 1.0 5.6 1.2 -.19
GROB9, Sta48 1.1 18.1 1.6 1.9%
GRO51,Sta29 0.7 22,2 1.1 1.k8
Van Veen
GRO83, Stass 1.k 1,2 4.5 2.3k
GROJ1, Stad9 2.3 1.6 9.0 2.66
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TABLE I TABLE 1
1.0-; 54 2 .'rs;h.oé 1.0;1;.0& 1.0-: J56 2 .'rs;h 0 1 .o-;.oﬁ
Sample Heavies Heavies Heavies Mean Size Sample Heavles Heavies Heavies Mean Size
AHP 276 1.91 3.43 2.66 W 261-3 7O 5.87 3.30 3.70
327 .15 2.33 2.20 b 46 2.55 2,20 4,18
hhta 3.12 3.71 3.3 5 A7 .90 T3 -
Ls7 1.88 6.15 3.35 6 .00 76 70 -
or 349 12.98 .96 5.66 8 - 3.17 .43 3.88
35-1D 1.97 1.23 1.79 10 .00 1.10 1.08 .14
1 1.15 .92 93 k.10
AWF 306 3.54 16.05 5.24 3.19 12 .30 3.3h 2.6h 3.25
312 2.75 ik bo 3.65 0.61 13 .98 80 81 4.3
322 7.93 k.82 7.23 .77 i1 .51 1.10 1,06 5.13
333 L.83 2.08 3.32 1.78 15 6.94 20,74 9.93 2.75
358 1.19 .63 Th k.92 16 3.5% 11.05 5.59 3.69
365 1.36 .97 1.09 5.2 17 1.10 10.25 5.90 2,9
397 1.72 ko .58 k.95 18 .78 1.37 k.32 3.51
k13 3.4 11.95 §.17 k.57 19 .06 2.57 1,58 2.93
B 21 .54 5.32 .56 20 .72 3.08 2.77 3.72
21 16 2.35 2,14 3.71
68 ANC TTB 1.k5 i 72 2.49 2,04
84 6.14 2.54 1.07 TPO18-6 <79 kAt 2.48 -
89 2.09 1,k2 1.66 -0.62 7 1.21 1.17 -
93 1.04 1.27 1.16 -It,50 8 09 1.01 1.02 3.57
116 19.29 33.87 20.40 0.27 9 0.19 1.00 0.54 3.76
119 3.3 4,28 3.77 -3.64 10 1.34 1.683 1.53 3.89
1l 2.91 10.22 4,00 -0.75 1 30 1.20 1.09 4,08
156 .52 2.03 1.97 3.22 12 1.33 2.8 2.07 5.0T
227 2.15 9.23 2.76 1.46 13 .52 3.54 1.82 kol
228 3.87 23.07 4.B7 3.46 1h 96 A3 - k.73
230 .39 1.55 1.33 3.52 15 1.45 2.35 1.85 1.30
231 1.63 1.30 1.32 z.’rs 16 . 4,54 31.63 3.06
237 4.99 13.10 5.83 . 17 .39 A5 Jal 3.8
239 .50 1.67 b.90 18 . - - L.58
2h3 6.36 24,25 7.50 -2.10 19 42 1,00 .95 3.84
2h6 .61 .83 5.69 20 a4 6.26 3.99 3.03
250 2.88 9.72 3.49 3.72 21 .3h 3.83 1.61 3.01
22 3.36 16.01 6.50 2.58
va7-6T 6.02 26.53 7.53 0.60 2 2.01 18.47 k.12 4,26
Tl 3.0kh 13.6 k.30 0.54 2 .15 6.47 3.69 3.14
82 5.77 by 5.26 0.05 25 27 6,92 3.02 2.94
26 1.7% 16.58 k.09 1.67
e 19-29 .56 2.7 1.18 -2.12 29 1,76 2,17 1.9 1.8
31 1.65 5.07 1.87 1.0L 30 .15 4,21 .28 2.7
55 1.1 3.45 1.37 1.30 31 2.33 41.26 2.94 1.89
Su 135-68 3.73 3% 1.99 -2.78 32 .96 9.2 2.27 2.39
NW 261-1 Ak 9L .63 b.06 2,5k -
2 A1 1,08 87 3.00 33 1.02 T.60 2.3% b.g4




TABLE 1

1.0-2.75¢  2,75-b.08 1.0-b.0d
% % )

Sample Heavies Heavies Hesvies Mean Size
T018-35 .39 3.06 1.36 2.56
36 .92 1.67 1.52 -
37 1.67 5.35 2,10 - .26
38 1.3% - -2.28
39 - 1.53 1.37
1o 9% 1.23 1.20 3.77
k2 3.94 2.10 3.50 2.20
i3 2.63 4.0k 2.83 -
4 A2 1.6 1.28 3.5k
1“5 t32 - 3'18
46 h.o1 3.26 5.1 -1.01
T 43 1.45 1.16 3.28




TABLE 11

Percentages of the heavy minerals on opaque-free basis
in the 2.75-4.04 size fractions

[} ]
g 8 | Amphiboles Garnet
ElE 2 2 g |3 3
o Q o [*] [ Q 1] o
[+ Ll -1 [~ L [~ (]
gsgggggﬁévsggsggﬁﬁﬁﬁ
ARIEIRIEAEAEIRAR RERERE AEREHEIEIR (ERE
68 ANC
-159 9.80] 4,05] 5.07|22.64/1.01| 0 [28.72{21.28 [3.38)1.35] 8.78| 3.04|11.8203.38 [11.uof ~ | 3| - ju.30
gg7;§c;t6 «29] 3.14] 2.00| L4.29] - 0 | 6.29[13.43 | 4.00] - 7.71}54,00861.71]1.14§ 4,29] - j2,00] - |3.72
T;lggg 1.89]23.11] 3.07] 4.k8] - 0] 7.55]15.33 h.h852.36 6.60]20,52{27.12] .71] 7.31|1.18{L.07| .23{4.72
-29 6.38]30.10| 3.83{ 8.93] - 0 [12.76]13,02 | k.34 {2.81| 7.14{ 9.18}16.32{1.281 B.16] - [1.28] - 13.57
-31 6.36|23.66] 1.39[12.13} - | 0 13.52|11.13 |5.57|1.99] 3.98]19.48]23.46] .4o{ k.57|1.39]2.98] - jh.o7
6552130 7.9931.96] 3.63/13.80| - 0 |27.43] 9.4k {%.84] 24| 5.33| 8.23]13.56]|1.,45) 7.51] .73 48] .2b[Lb.22
-50B 49les.2ul 1,850 2.43) ~ | o | 7.28] 7.77 | 8.25]1.46] 8.25|22,33|30.58{1.46] T.77| 972 .u6 97l6.31
~76 9.66]|34.87] 1.809131.97] - 0 ]13.86]15.12 | 3.99] .21} 3.78] 6.09] 9.87] .63} 8.61] .84 42{1.68
=169 4,34)26.82] 4.21) 8.17] - {0 [12.38]13.41 | b.98)1.15] 6.00|15,84}22.74] .Bo| 6.26] - 307 ~ 13.96
-T7 4.98139.10| 6.63]10.66| ~ | 0 {17.29] 8,06 | 5.k5]| .95 5.21| 8.77(13.98|1.42] 7.11| .o .24] .24] .o5
79 6.56{28.23| 4.aTi22.47| - | 0 |26.64]12.92 | 3.78| .60] 3.78] 2.98] 6.76[1.39| 9.34] .80] .ko| .20]|2.39
«8h 3.47)22.69] 7.41j2h.31] - | O |31.72)10.88 | 4.68] .23]| 3.%7} 7.87j11.34|2.62]11.11] -] .69 .23]1.16
-89 6.25{26.36 5.98116.58] ~ | 0 {22.56/11.41 | 3.26] .54] 3.53| 5.43| 8.96|2.17|13.59|1.09f ~-{ - |3.80
-90 5,76] 24.75] L.75112.54) - | 0 |17.29] 9.83 | 5.76{2.37] 5.08]10.57}15.59} .34[12.88]2.37[1.02] - [2.03
-212 3.41)22.15] 3.20] 3.62] .21{ 0| 7.03f 9.59]6.61] .21| L.05|4o0.00| bbb .85 7.68] .8511.71] .21)5.5%
=215 7.02}21,851 3.99) 5.10] - 0| 9.09|12.44 | 5.90] 48| 6.70|21.05|27.75] .32| 9.25] 48|14l - 13.
_-81 7.47125.00| 4.63{2k4.60] - 0 |19.22{13.88 | L.63| .B9| k.63] 3.38] 8.07|1.96[13.17] .18} .36] - 3?2
<239 | 13.00{26.56] 7.69]14.29] - | 0 |20.98] 9.71 | 2.20} .55] 2.38| 4.95| 7.33)2.00h13 13.19] .37| .55) - {2.56
TAELE TI
g g Amphiboles Garnet
ElE 5 : gl |2 3
§ L 8 g 3 21 8|« AR
IR EAE AR AR IR AR AT IR REIERE
2 | |8 | 8| & |B|3| 8| E|&|d]3 AEHEIE 2|z
68 A
~210 1.82117.000 1.82] 3.27{~- {o} s5.09| 9.82] k.00f « | 5.45{u3.27148.72] - | 5.09{ .36]1.09 {.73 6.18
-20156 3.73{16.00] 2.93| 9.07|- |o]1z.00|13.07] 6.93] .27 u.ao*as.o'? 29.87] .27| 2.60| - |2.13 |.53[5.60
N.{-261
-1 14,20|30.66| 5.56]13.17 | - 0 |18.73{12.14} 2.67|1.ub{ k.32] 2.67]| 6.99]2,06{10,08] -} .21 | - | .82
-3 1.50}20.30]|11.15{11.31 | - 0 {22.46| 7.82] 7.32] .83] 3.99]18.47{22.k6}1.33] 6.66] - ]1.66 .17&.&9
=l 3.11|22.60(11.4¢{16.20 | - o] 27.54| 9.80{10.59{ .14| 5.65] 7.34{12.99{1.27) 5.23] .Ah{1.55 | - [h.ok
-5 | z.ou{51.98] 1.52| 2.7 {- |o] u.26] u.26| .o1|2.13] 3.95] 5.17| 9.12] .31[e2.80] ] - | - | .3:
-8 14.87|31.68) 3.72]13.98 ] .18 | 0] 17.88| 9.91] 3.07] .18| 2.65)] h.07| 6.72[1.59)12. 7] - | 28] - JL.2k
~10 7.11]34.30] 5.23]1k.64 | - | o0{19.87(12.76| 3.77] .21] 3.14] 1.46] L.60(1,26]15.,06) - | - | ~ [1.26
«31 6,71{31.94| 7.18{12,73 {1 - |o(19.91{14.12] 1.85{ .93{ 3.94( 1.39] 5.33} .69{17.59f -| -~ { -] .93
=12 10,18} 32.74} L4,.65}27.48 | .22 | 0| 22.35/13.27] 1.55] .66] .88| 2.88] 3.76]1.33{13.50] .| 22| - -
=13 7.14]31.85{ 5.79/19.88 | - o 25.67|11.00] 1.7 - 10| 2.90] 3.30}1.35{16.02} .58] .19 ) - |L.16
61-321 12.47]31.37] 5.23]31.471] .171 0] 26.87116.60] 2.19] .67] 2.02] 2.36] 4.38] .51]|13.83] - | .17 | - .85
ARG
-2378 | 4.93)10.59] 4.19] 3.69] - o] 7.88111.58] 4.b3] .25| 7.14]38.42]45.56]1.72] 8.62] .49|1.u8 | - |2.h6
-2h6 | 12.08|28.26] 8.45]16.67| .24 ] 0] 25.36{12.32] 1.u5| 48| 3.62] 2.66f 6.38] .72[10.04| -1} . - [2.42
-231  110.29]|32.10{ 6.17|16.26 | ~ ol 22.43|10,01| 1.03] - | 1.23] 1.23] 2.46|2,26{15.02] .20] -~ - [3.09
-298 3.39] 8.78] 2.79] 2.59] - 0] 5.38/20.38f 4.99] .20{ 3.59|51.50]55.09]1.60] %.39] .20]1.40 | - |3.99
~250 1.94| 11.66] 5.62] 4.75] - | ol 10.37|26.90] 3.02]3.67] 5.18{41.68|46.86] .22{ 5.62] - {1.73| - |3.60
GR25-B -] 2.87] -] 2.87}~- |o] 6.32] 5.17] -] - J17.82|57.47|75.29{2.15] 6.32] - |1.15].57]1.15|3.45
GRhO-3A - | 400  Jof 1.60|~ |0} 3.20] 8.80] 4.80] .80f22,80]37.20]60.00 .80] 7.60] « [h.40 ] .k0[5.20{1.20
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TABLE 11
g § Amphiboles Garnet
¥ 5 L] “ -3 g
s | E|& g 2 o| & g R
Q =l 3+ [ hx ] £ o - et :
21 215|383 5l 3] 8 T % ‘BE g 1AL 3
~ of -l o
%.ééaﬁﬁsaagaggaﬁgaééa
68 AN
2308 | 1h.91|34.36] 2.48lan.60] .62} of17.70}12.73] 2.80] .62] 3.73]| 2.48) 6.20] .93] 8.39} -} -1 < {l.55] -
-227 y.5610.72] 1.34] 8.06| .27] o| 9.92] 9.38{ 5.63] - [10.19|36.19{52.59| .5 k.83] .27}1.61} .27|5.90} .27
-225 5.11015.91] .B5| 6.25] .28] o] 7.38] 9.38] k.83| - | 7.95|3k.09[k2.04| .57| 7.39[1.24{2.84| .283.13] -
~224 6.1512.07| 3.35| 5.03] - | o] 8.86| 7.82] u.75{ - | 7.82{36.31)4k.13} .56] 9.50| .56/3.07|1.12{1.68{ .28
«243 2| 3.87) 1.23] 3.5] - | o] 4.60]15.50] 2.82] - | 6.78|51.09|57.87] 97| 6.05| - [M.12] - L.36] .24
~22h 5.07111.73] 2.67] 2.93] - | o] s.60] 7.20| 7.73] .53} 5.33|42.93|uB.26] - | B.00| .5312.93| - |2.40] -
222 .5k |28.73| 3.02]11.23] .22 o |ak.h7|12.53| 4.75) .22| h.ov|b.bTfi9b{1.08] 9.72] (43{1.51] .22|2.38| -
=148 8.67k1.45] 3.86{13.73] .24] ©]27.83)20.84) 2.41] .96| 1.,93] 1.93] 3.86|1.93)10.60] 4B - o) 98| -
-1k 6.50]38.63] 2.89l16.21| .36] o|19.49] 3.25] 6.49|7.58] 2.89] 3.61| 6.50| .72{ 8.30| .72| - -~ {181 =
=47 9.87]28.21] 3.47|33.72] .37] 0}17.55|10.60] .91} .37] 2.19] k.02] 6.21} .37{13.7)] .T3]1.10 371 -
‘=220 9.40|33.25) 2.41]13.98] .24] 0]16.63]12.53] 3.86] .24 3.86| 4.82] 8.6B|2.41) 9.16| .2W .72| - 2.80] ~
-].19 3.31 5”'."‘1 1-""7 3|31 07,4- 0 5.52 3068 137 1&-63 1.“’7 loh? 2.9"" -37 2-9"" 137 - - 1-1"7 -~
-1;;28 ~ 120.63} 1.79] .90] - 0] 2.69] 1.35} .90R.30 - 90} .90} ~ | 1.79| W45 -~ -
SU-
“'68 2191 ho.lz 3078 9059 - [8) ]3037 6.10 ll.3l|- 8172 3.73 2.91 6.69 .29 9-88 .58 - -
-135 2,63]|13.16| 2.63]23.68] - | o] =26.31|19.74} 7. - | 9.21] 9.21]18.%2)1,32|10.53] ~ -1 =
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~21 1 8.43)32.05| 6.57] B.92 | .2k| o} 15.67| 8.3 961 .96| .72| 7.23) 7.95{1.20{2265] .96] .2k} - | 4B
29| 2.62136.63] - lw.o7|- | o0]10.97| 7.33] 3.18] .27|25.37] - |es.37| .27)7.33] - | 1.31] .27|k.T2
30| 2.20|ko.28] - | 9.60].46] 0]10.06] 9.15]| k23] ~ |15.79] - [15.79]%.15010.07] 4G( 1.60] .92]3.90
-33 | 6.57|34.43] - J15.06 |« o0|1s5.08} .11 k.76 .u5)22.49] - |22.49] ~ |9.52) -] 3.62] .22|2.9%
~36 | L.57936.37] - 975 | = ol 9.75{15.58] 5.24| - 9.3 -~ 9.37| .38{8.4t] - 18] - l9.56
«37) 8.86|31.0%] - Ji12.%0 0] 12.90)10,2 061 .24113.60 13.60] .4Bj10.h|2.15] .95] - |5.07
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TABLE II
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o a Amphiboles - Garnet
(1]
E £ 2 2 : g 3
g 3 8 3 3 g 2 %
3 | g2 g SISEIERE N g AETE RN E § Eld
R IE HEHBEFAEIEI IR IEHE R IRIELE
Tr18-39 | L4.58|29.99] -~ | 9.65] - | 0| 9.65 k. 7h]| 2.5 - | 6.20] -~ | 6.10] .77{15.25| .25[21.02] -~ |1h.98
&7 1 6.38l37.001 -~ f27.73] -~ | O |27.73] 8.20) 4.4B| - ) 7. 93 - | 7.39]1.57113.45] 22| .90] .22| 2.46
-9 | 3.29]50. - | 8.94 - | o] 8,94 1.8 .97| 2.51] 8. « | 8.94]1.89]18.38]1.89] - -1 1.k0
-10 l.d{- '-l-h-‘ - 28.76 - 0 28.78 1.7h 7'29 cue 6.25 - 6325 1.38 3-81 - - 035 ho%
-11 f12,55{31.16] -~ [27.20] - | o |27.20] 2.39| 2.69] .30 2.69] -~ | 2.69J1.h9] 6.57] - | ~ .30] .90
"12 11-11 370% - 29-69 - 0 29069 1.83 1059 7.95 2ad|- - 2-0’"- 068 6-3“ - - 123 n23
"16 15005 11-1.63 - 18-,4'3 - 0 18.&'3 3.99 1.% 1.05 6008 - 6.08 2032 8-38 - 021 .21 1-68 !
- 8 16.17 h‘3u76 - 14.88 - o 1’".88 7-5& 1-65 019 h‘oul - 0""1 .92 399 - - 036 2.40
- 6 j15.90[43.69] - l17.80] - | O {17.80] 6.64] 1.90] .u7| 3.33 ~-13.33] -} 853 -] - -1 1.8
-15 | 5,81[38.53] - |25.06] - | 0 {25.06} 3.72] 3.72| 1.h0| 2.56] - . 46]10,90] .23 .23]6.04| .92
40 | 6uhjuk.61] - j19.92) - | O |19.92] 5.59| 2.08] 2,29] 3.53] ~ | 3.53[2.49) TAT] ~ | - L0 1.5
b3 Jib.7rl31.58) - |23.20) - | o |23.20] 6.75| 3.07) .T7|Lb.TT| ~ |2h.TTiL.TB|22.24]| J7T| .25]2.03| -
e -h6 | 8,07l19.74| - |10.50} - | o0 J10.50] 5.57] 3.25} .26|k0.33] - |40.33]1.42] 6.25]| .27|1.26] .26] 3.07
Ane
-5k | 5.001{25.89] 1.79] Lk.35|0.57} 0 | 6.65[16.41] 6.15] 1.28] 1,28|27.17|28.45]0.25] 6.63 0.57 1.28{1.03] L4.35]0.57
éoane107| 3.17f17.71| 6.34] 7.80] ~ | O |12.67] 6.87] B.20| 1.33] 3.97|30.41|34.38{0.54] 6.34 1.06{0.27] 6.34] ~
-102| 7.32]25.05| 8.72} 9.57} - | 0 [18.29] 9.57| 3.94| 0.56] 5.63|13.79]|19.h2|0.28] 6.75] - |1.b1] - | 7.32] -
-103 16.58 32.27 11'01,"' 10091*' - o 15‘@ 10.(5 1.78 0530 1-18 0088 2.07 1-78 15098 0.30 0.88 - 20“ 0.30
'J.o,"‘ 15026 35!73 3-36 13. - - 16.80 8955 1.83 - 0131 3.36 3.67 1.53 1"".0"" - la& - 1-22 -
"105 12059 32.18 ll'¢97 8.19 - - 13. 12.87 2.93 - 1.17 7.61 8078 0159 12559 0030 1017 ouso 2031" -
~1061 8.95135.24 | 4,19 8.37} - | ~ {12.56{14.63} b.19| 1.20{ 0.30] 3.58| 3.88|1L.50{25.52] =~ |0.59} ~ { 1.79} =
<107{ 4.70|25.30] 3.83] 7.65[0.30] - |11.77(11.18] 5.29]| h.k2| o.30|21,78|22.08]0,30| 8.83{0.30[1. k8|1, k8] 2.94] -
-108] 8,52|36.57| 4.95/13.19] - p.28|18,42] 8,25| 2,20] - | 2.75] 4.95] 7.70]0.28{12.65) - {o.54] -} L.6T| -
PABLE 1I
g Anphiboles Garnet
8 Jh‘g . 2 3 3
g | B 4 8 3 2| % 31 8] &
3| g8 g 5 3 : 3 8 3
g 3 2 3133 ARIEIRAR AR i E
L] g [+ ﬂ E g 8 - ] 1] [=] [ 1) !90 « - E
69 ANC

=111 12,40f 34,10
=112 11.16 30.60
~113 9.09|34,48 -

«11h 12,34|28.31} b.B1]26.86] ~ Jo.30|21.97] 7.53 1.80] 0.60|1.80) 2.11

w
i

48]13.95| - « [16.h43] 8.6811.86] 1.55]| 1.24] 2.u8 0.31]20,k7] - |0.31] - | 0.31

16 0.31 | 2.23] 7.97 10.20 0.31]20.09] 0.630.31}0,31] 0.63]0.
0.31)17.24}0.31] - lo.31] -
0.60|21.38] - [o.30] = | 1.10

U)\..nl\)
7
g
»

8
2
=2
1
»
R
-3
-
3
[
AN
D
3}\!

wWww m
g
8:;--\:.

115 | 11,90}34.49| 4.88]13.73} - [0.61]19.22]11.28}2.75] 1.22 | 1.22] 2.hh4 w950 - - | o.59] -
-116 | 14.95[32.44| b.23] 9.87] - | - | 5.29[ak.12]1.51] 0.85] 0.85) 2.82] 3.67|0.56]16.93} - lo.29] - | 0.56] -
<117 | 11.09|32,12] 3.99|11.09]0.29]0.29]|15.07[11.94|1.14] 0.56 1.uaJ 3.13| 4.56] - }20.19] - |1.14]0.29] 1.34) -
«118 | 16.17}29.55| h.h6]10.03] - 10.28|1k.77|11.15)2.57] 0.55 | 0.28] 5.85| 6.13]0.55]15.89] - lo.8] - |1.67] -
~119 5.68]16.71| 6.68]16.38] - |o.67|23.74| 3.07|0.85] - - | 2,07} 2.07]1.00]28.72] -] - - | 2.67] -
-120 9.46]25.89| 5.98]16.43] - Jo.50]22.90] 6.48]1.50] - - 2,00} 2,00|1.00]25.39] - | - -~ | 5.48] -
11 8.57|25.71 | 7.66]13.53] - {o.4s5)21.64] 7.20]2.81) - - | 2.70] 2.70]0.45)29.77} =~ |1.38] ~ | 0.90] -
=122 1.67{10.00} 3.67f 5.67] - [ - ] 9.34|21.33{3.99] 0.34 | 1.67)38.00]39.67]0.66] 6.33] - |3.00]0.33] 0.33} -
- 88 - | 6.37] ~ | 0.67]0.33] - | 1.00} 0.33]0.67}90.19]0.33] - | 0.33] - | 1.00} - | = -] - -
65%0 ~ j11.02] 0.38] - }0.38] - | 0.76] 2.28{0.34|81.70] -~ - - - | 3.8} -]- - - -
- 54 0.51]25.89 | 1.79] k.35{0.5.[ ~ | 6.65]|16,41|6.15] 1.28 {1.28]27.17]28.45]0.25| 6.63)0.51]1.28}1.03 | 4.35[0.52
69 ANC

~101 3.17]17.711 6.34%| 7.40] - - 67| 6.87]8.20] 1.33 | 3.97|30.41|34.38]0.54] 6,341 - [1.06|0.27] 6.34| -
=102 T.32]25.05 { 8.72] 9.57{ - - 18,291 9.57|3.94] 0.56 | 5.63|13.79]19.b2}0.28}] 6.75] « ji.41| - | 7.32] -~
.~103 | 16,58)32.27 | 4.2k f10.98) « | - [15.00]10.06]|1.78] 0.30]21.18] 0.88} 2.07|1.78]15.9810.30/0.88] - | 2.66[0.30
<104 | 15.26]35.73 | 3.36{13. k| « | - .80] 8.55{1.83] - ]o.31} 3.36] 3.67|1.53}ak.04] - fri.e2] - |1.22] -
. =105 12,59(32.18 | .97} 8.19] - - 16]12.8712.93] - 1,17| 7.61| 8.78]0.59]12.59|0.30[1.17]0.30] 2.34] -~
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TABLE IX

§ hiboles Garnet
5 a 2 8 3
L]
g | B L 2 g 3 AN
AEIHHNINE HHRHEREHRHIHEE
2 1 5148 51818 SAERERE AEIEHEIR 5|2
69 ARG
<106 8.95[35.24 1 b.19] 8.37] -1 - }12.56]14.63]4.19] 1.20} 0.30] 3.58] 3.88]1.50]15.52] -~ |o.s9] - | 1.9} -
-107 b,70{25.30( 3.83] 7.65]|0.30} - [n1.77]11.18]5.20] k.2 | 0.30)21.78|22.08]0.30] 8.83]0.30]|1.uB[1.48] 2.94] -
-108 8,52136.57 | 4.95[13.19f -~ [0.28]18.,h2] 8.25{2.20] - | 2.75] 4.95] 7.70}0.28]12.650 - {o.su} - | k67| -
=112 12.1*0 3"“.10 2-1'-8 13095 - - 164“3 3-68 1-% 1055 1.2"‘ 2-1‘5 3-72 0031 200"‘7 - 0031 - 0'31 -
=112 |} 11,16]30,60] 5.74{10,20[0,31] - [16.26} 7.01|1.59| 0.31} 2.23] 7.97]10.20]0.31[|20.09[0.63[0.31]0.31] 0.63]0.63
=113 9.09134,48 | 3,70113.48]0.31} -~ [17.48]20.97)1.26) - | o.9u] 7.21] 8.15[0.31]17.24}0.31] - [o.31] - -
-114 | 12,3428,31{ 4,81]|16.86] - [0.30]21.97] 7.53{1.80] 0.60] 1.80] 2.11) 3.91[0.60]|21.38] - |[o.30] - | 1.10] -
-115 | 1,90 314.11:2 4,88113.73] - |0.61]19.22{11,28]2,75| 1.22] 1,22] 2.,44) 3.66] - [14.95] « | - = {059 ~
"116 1""095 320 h‘u% - - - 1"‘510 1’-}.1.'\. 1-“1 0085 0-85 2.82 3.67 0.56 16.93 - 0.29 - .56 -
a
TABLE III
Percentages of hefvy ninerals on opaque-free basis in the
1-2,75¢ size fractions.
é‘g ] % Amphiboles . Garnet
B ;
Cruise | I B @ @ : s o
B g 2 ol B s | g A1e 2
g % g B = 5 |8 8 1% |3
4 13 |E |8 gl § AEIEIERERI AR i35 14
— ._L 9._‘____:_\'3____ # »é g ] g a! 3 | 8 & < é ~a % g 5 &
| U U SR RO SRAVUTE SN SR
68 AWC 5k | 2.66{27.66 |3.73 | 5.32].53 ] - {9.58| 4,.78 |1.59 - .53 | 3.19] 3.721- 32,98/~ |ra,77{ .53{ 3.73{-
69 ANC 101 0.32114,38 | 9.48 10.79 |- -« 120.26] 3.26 }8.5Q - .32 ] 34.31{34,64 |« 8.17}0.65] 1,31} 1,63} 6.86| -
69 ANC 104 2.78/61.11 | 9.72 [15.27]- | - {2&.99 2,78}~ }11.38; - |23.61|23.61|- [29.16{- I - 8.33 " -
69 ANWC 103 very|litile heavy minefals i ed i
10k B5.76121.19 (3.27 1L h2ie - h.68) 7.6L[- |- - ]0.32|10.32)- }20.09{~ 1,00f .55} 272, -
105 | 9.35{26.32 , 4.68 11.11 (- ; .58)16,37] 4.09 {1.79 ~ {1.17} 15.80,16.96 {1.34{19.89| - 2,34} - 1.75 «
106§ 2,78! 5.55 | - 5.55{= - 1555|555}~ |- - [16.67{16.67}- (52.78- I- - .11 -
107 } 8.48110.3h | .05 : B.h8}. | .3122.83) 2.19 {3.14 -  [1.,57{30.16(31.73]- [16.24]- bhho| « 4,ho - -
108§ 6.82{19.32 11,13 3.41= |~ | b.54f b5k (- [1.1312,23}20.45(21,59}- |32.96l« 3.4101,03¢ b5k -
111, 8.83}23.53 | 2.9k : 5.89(~ - }8.83/5.89 ]~ |- - 2,94 2.94 = {4h12{. |- - | 5.8 =
112 16.93131.98 { 2,50 | 5.02§,31" - ; 7.83! 4.39 | 1.57} ~ - 22.26|22,26 |- |11.92|- 2,20]- | 0.9% -
113 110.25:37.50 [ 1.28 | 8.34 |- | - | 9.62] 2.89 {1.2§ .32/ - 2.25f 2.25 |  {35.26({~ }- - ! o8k -
114 15.79136.84 - fo |- P- e 15.79 1= | = - - - w  j3L.58- | - - -
115 11,68{25.22 1 181} 7.204~ 1 ~ | 9.02} k.51 12,70 - - 3.60] 3.60}- |2.35)- L - 0.90 -
1261 3.22/19.35 ; 6.45 32.26(w [ - 13871 6,45~ | - 3.22| 3.22 |« 29,04~ L - - -
117 7.ky|25.28 | 3.k5 [o.77|.57] - [13.79] 6.32 12,89 2.88) - | hiso| hisot 3620 [ |- 57 -
118 9,76i24.40 1 2.4k 1 3.65(~ ' = | 6.09; 3.65{~ |- - 295|205} |25.62]~ 2.0k | - 6.10 : -~
119 - = - - o e m - - |- - {429 k2.9 = f57.1 - |- - - -
120 - 12,5 22,5 12,5 - ;- [25.0 | = - i= - |- - - 137.6 |- & - 25.0 -
121 20.0 |40.0 ;= - m Poo - - |~ - |- - - 400 (- b - - -
122 - %090 .32 1.26- l0.57; 2.15) k.42 {3.1§- | - |69.u8|69.48|- | B8.53[- [3.47i- bb2 ) -
fon 2.32 /- - et fm - - jo7.28| - . - - 0.33|- = i - -
971 0.30} 3.57 1 0.89 ~ Q89 - ©1.78) .30~ [90,18] - - - - L, 16}- - fa - -
Nelson-302°| 1.59i21.27 { .95 .8.25 - | - | 9.20 1.90 |1.2723.17{b.76 ! 7.30]12.06}- [1h.60ju60| .32 |~ - -
GRUO-3A L 6.09  ~ 2.5k - [ - 1 2.5417.77 13.59 « [3.55 :3%.01(37.56|1.02/16.2L - 7.11 [~ 7.11°1.02
GRUG-25B - Lo |- 3.27« Y« | 3.27| 4.08 - -~ | .B2|59.59(60.b1 |- |11.84) .82|9.80 |1.22 | 4.08 -
GRUO-17-2D h.92| - |- h.g2- ! - i hee| - - ~ 1= {50,82150.827-  116.39(- 9.8 |- 13.11 -
68 ANC 250H » 6.67| .Bl:3.23'- - hooh] 8.08!15.64 .20} .20 59.39!59.59 i~ 7.2 2,221 .20 6.06:«
ahéq - 8.82 ) - 8.82 - t -« i B.82]17.65 i 5.8 - | - }38.21; 38.24 - 5.88]- ah, 7L { - - -
i | i A | |

ig



L S

TABLE IT1

8 b4 58 : 89
g S | w.m.mﬁﬁw..............O...............
; - | N@EFng ARG d  mo e st 0]
T o 58% SR53RS9Z08WOR B 3hg 88 mowers |+ SRS E53888% . 88, 98 958, 849
: I died D1 FO@omaan Fordaicd e ot v 'y . = oo ny o
H - r :
2 [ e ) ) ©
; n o In i = o i & > . = S
: un.ﬂnd..&m.._..?_._J_h..~m..mou.......am..mm.%w 99TWel | s 0 st T a0 1 T tO L LI E I I Y10
i
: T o < oo o
aaTToITEgg w SHYNBINNEIRERHE & RBR 8 o3Tomeg | ‘JMMzzwmwa ! ..m 'oe .N BERE .3&. .m%...un
g e N I e N R R : - - ~ ~ = 111 udl M
NN £ WOOITT, ...ﬂ-_......2.0.3...-%~..%...M
MHOU-MHN-—-——-—-—-—-—-w%-uw-- [ B | A=K R T Y Y G T R N NG
TR T e T e wsssoszﬁddea@a RARZRERRITIRNIRE
@%767559Mu6353852&.42»418“%767@1 g&uoﬁ Y bt EE A 0 O j AO\0 Mo ovin
ks [T PR R S S P e g s B e g : = o RESENRAREE ROE
3 111 adS SaQZ83 NN A Y8R & ©g 10 I~
99Tedy .......:J.J.E.. N 10 9? s
P . Wﬂwﬁz 8 P [0 TS 2 D T T B S B I A |
d-v--.h—. 180 L IO L 2 T O DU U O O e e 1_|.h1|u. 977175‘&%20 500 ) =
SEERARNT8TRALEY ARENRE395 TN aRdabhanaaaginganseasyRsanIney
wor] EGEBEARRIRSNSEINES OO AR aSAn T | M EBS T RIRY T P AR T o oY
1}
w m_bzmro.u.zmﬂw_%%& TR S S9e8oas 2 hSWWﬁ&_ﬂﬂ% Wm 2%e W@Mﬁ@ﬁﬁw.ﬂ.ﬁ
] T oS I RRANSNIVL AT ANES ™S | | Kgocd : M g | CRYSRETRES  SRT o 3%%H22250h%9
; o [ o N P o)
: 9% BREYAENYR W BE  QUONRSS e ¥ERGLERER, LR 8TR.8
SSOTIOTAD! d i v 4 1+ Ada Tred a0 THAT s THdA TAM ; SSRTIOTO) 3 H'cs’s's
T S Y 5 R0RL8YR O3 29RRS8y R/IT Q RE R REERRRE 88 8 §L#cERF 8
suparp| B 9 2, NROAMNAR  OY  gninnRay vAan ® : SUTATTO Ao Ao M I st HOO MR
T [ o wag =
I o O NGO el DO O I MInNgo M o} ; memwmm &@9% %ﬁ 8 2RS35 583
swoydg ﬂ”.ﬂu. .WWWMWM”M”“MH.:;M. .u.m%w.m“ .M_., = sueydg | mO M F A mANS 1 1R 01 TS E O 1S
: & SAYRVANSEILARBIAYN 23N [SWDTAH W _ 32 RRILRAKBILER 5 SHSIQIOBLAY
N 920 D N NG T OO D MO IOt 1T T =V aaoprdg ! TRy Tem s teng ey ) RO 0ma oL om
] P18 fieJiodFdanoddfon b dd 1 dndddad }ou..mwﬁmm Adds RSO RS 101l InFaiGTD A nalG
: ERRS NS ARARNRIBREREIRALE wwmmm _ 252398 eR g EREY 898ARRESAIRIRES
T=10L 111052238E56686EH0.M=111 9Ru6 Te30L ...H.ﬁ.h.l&am .ML&ME720900H75&898HOOBB
; S o jom
m : §99TA0TO, %
: a S88TIOTO LU T L O SO L NS UL UL AN O I 8 .no._”u ............_.0..._.........a.....
i e Rt s : e b e i — e
IS I T I S W g o8 R
* = S T T T Ve T ar T TAar T q huo.._._.....LL...O.._.....3......
. g | S8R ¥g dEAEARgARE B¥¥N RNEERTR 8 ) ZRY ORT 3n% OF HURNREHIBRIA
i ; woag| A T acld 1SS dS g o tHoreds weoIy 952112 teidd  mddocn .nmnw&»mmmmfm&o.m.&a
: = NNO O o o Qi ;
i R E LLBRRSEFESER &2 H2RE8 AHWNBOWd m O =
; wiorg| T TS .&&mk&kW&M.BE ' .HM32.492 w 9w_380575 .u.B&.u. % 7.3 ) .mu...ﬁam
: o o | WX | of pl A i A t Mo oo .O.h..,2255|+21.m15
%.mv LAYHEI OISR IIYLI LYY LBURLBE i \Wﬁm_/ 5BLENT GNS2C LG UNSHR8EY
suaxcrido OGO M M Dot G i Ot 00 00 0 ey 100 O o Ot ' avexerfdomrtn | e HAERNAUAQRYEONS ANGORNOMBOHMOAOYT
| eI | g oS RO SN EIRRAY I RERENE : wszaeaa+%m53532779msmnommmwammwmuuasus
: A8 R8ARSBRALINTINIILALIRG SR | 3¢ 8 e ¥ 3RIJITRIN §
¢ swoxoafdogsag| 1~ 1SN NT gAML MG s A i ousxoifdoyaan i 1 1 Tt ity Odt .L.mLﬁr.an_wanL 1
L. — - - C e B R
h RS G N QO IN N OVONO D BT o0 U 1 O Ovt of 0N _ R
L, FEoreR TRINEAANERRIZINAERcSsaR . R d oG N N RHRG S Y T
: ! .406%2971. . ne (LR I N T B [ ]
: - 3] L |8 YOG 0 10V 0 5t ye
= _m % o P
i 2 £ 2 g T3
o
3 | g ¥ g I




TABIE IIT <

] ) - Amphiboles l Garnet
[ o
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TP018-17! 9.20 | 11.50 | 1.15] 6.90] = - 8.05{ 8.05] - 1,15 1.15|13.79{ak.oh| - |h2.52{ 1.19 3.44] - -
-19] 10.91 {24.55 | - [10.00{ - | - (10.00| 3.64/0.91] 2.73]| - 2,73] 2.73| - |55 |~ |- 6looe | o.68
=101} - 23.37 | 8.97{27.99] - - (36.96| 1.01[3.79] 0.88 0.38] 2.02| 2.40{ ~ | B.98| - 0.26] 0. 0.
-21] 11.29 |33.33 | 1.29]10.25] - | = ]11.58} 5.39/1.79] 2.05} 1.02| 7.69| 8.71] - |23.85) -~ |l.29] - 0-2{7
-23 15.88 [38.20 | L.h9| 3.72( = - 5.21| 6.45]0.50¢1 1.24| - Lh.96] h.96/0.24 A8l | - 1.99) - 3.47
-oh| 12,03 |30.33 | k.52[10.52) - | - [15.041 6.30]0.50| - | 0.25]| 3.53| 3.78| - [27.57 { 0.50| - - k.01
-26! 18.01 | 29.59 | 1.65| B.77| - | - {10.h2] B.77]0.54) 0.82) 0.82} 7.95| 8.77) -~ |19.451 - |O.54] - 3.02
29| - 30.96 | 3.41| 3.09! - | 0.31] 6.8L| 1.55[1.24] 2.17! 0.93|36.84|37.77/062| 9.28| -~ [6.51]| 0,31 | 2.79
-31| 0.52 |22,59 | 2.34] 0.52] - - 2.86| 1.82|4.68| 2.07( 2.07|u7.54]49.61] - | 8.83| - 5.71] 0.78 | 0.52
-32( 2.08 {17.70 | L.k3| 8,07 - | 0.26{12.76 | 10.93{6.26{ 1.30! 0.26127.08{27.34k| - | 9.89] - 5.730 1.041 L4.95
-33| 0.85 |22.66 | 6.23|13.60! - - |19.83 | 10,20{7.08] 0.56] L.14|21.54[22.68(029] 9.35{ - |2.83] ¢.29 3.ug
-35| ©£.90 [30.43 | b.22|22.29) - | 0.30|26.81] 3.75(9.53| 1.0 | 3.07(1k.99(18.06( - [t2.27f- |2.39f - 0.3
-37] 1.26 |{37.34 | 2.53|15.20] - | ~ (17.73| 0.63{h.h3| 1.58]| 1.58]27.47i24k.05{ - |u1.71l- 0.95! 0.32! -
~42! 2.5031.25 | 0.83] 6.26] - - 7.09 | 3,78 4.26(|14.26{ 2.91(13.32|16.24| -~ |19.58] 0.83 0.k2| - -
43l . 30.54 | 3.90{15.92( - - |19.82| k4.23|5.53] 1.30| 2.60| 8.hk(11.04| - |25.98] - 0.65{ 0.98¢ -
=461 1.59 | 12.69{ 1.91] .27 - - 2.18| LW 45,72 - 0.32]60,32]60.64{ - | 2,23 | - 540 - 4,13
~471 b2 [30.31| 5.15) 1.M4 - | - 1 6,59 7.27|k.24] 1.22] 1.51/11.22/12.73|091(14.55 | ~ | 0.91 1,22
TABLE 1V
SOME CHARACTERISTICS OF ZIRCONS
Partly Euhedral
Station Euhedral Partly Rounded Rounded Subhedral Anhedral Elongation Maxima
Nome Area 6:1 13.4 68:6 4.2 7.7 1+52%, 2+12
Northeast Cape 13-0 2442 17+4 447 24+2 1-52%, 2-12
Beach
5U-138 12+6 18+1 1440 28°1 285 1032%, 1+60%,
2412, 2+92
ANC~-908 21+1 1741 139 19+5 28-5 1+°60%, 2+12, 3°12
TTO18-37 12+5 11-8 465 16-2 12-9 1-52%, 2-12, 2-52
TT018-9 1249 17+4 203 2640 23-0 1-32%, 2+32, 3-28
ANC-147 13+5 17+5 26°7 235 18+7 1+52%, 3-28
* prominent
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TABLE V TABLE VI
Percentages of quartz and felspars in
the thtszziiﬁe:i:i‘ ggcrg;i:n:risil':?:‘g.i; in the the light material with specific gravity<3.15 in the
2.75-4.04 size fractions of a few typical samples 1-2.75¢ size fractions of & few typical samples
Shell
Station No. Quartz Flagioclase Orthoclase Btation Ho. Quartz Flagioclase K Felspar Fragments
ANC-116 32.1 48.15 19.75 ANC-5013 72.0 10.3 17.7 -
SU-138 40,29 2.95 49,76 TT-018-29 68,2 16.0 i5.8 -
ANC-1hh 31,59 17.11 .30 r-018-30 85.8 7.2 7.0 -
ANC- 93 38.30 18.09 k3,62 Tr-018-31 ° 88,1 5.1 6.8 -
ANC-14T §3.87 30.86 25.28 TE-018-15 973 17.0 25.2 5
~2k3 68.91 5.45 13.h6 Fr-018-16 61.2 17.1 21.8 -
TT-19-55 63.10 21.03 15.13 TT-018-20 59.6 23.2 17.1 -
PP-19-29 38.63 18.05 25,63 PT=018-25 65.2 21.3 13.5 -
TT-19-31 55.83 2,72 17.22 TT-018-2k4 66.25 18.10 15.6 -
ANC-~ S4 16.3h 35.95 45,10 Tr-018-26 61,5 24,3 14,3 -

- 83 43.87 19.9% 36.20 PP-018-23 54.0 25,0 21.0 -

- 8k 52.49 17.62 29.89 TT-018-22 63.0 23.0 1k.0 -

- 89 46,69 19,87 3344 TP-018-12 68.3 19.9 1.9 -

- 77 58.20 19.14 21.88 N.W-261-10 59,0 26,1 14,7 -
Tr-18~30 66.84 16.05 13.95 N.W-261- L 65.6 18.6 15.8 -
TT~18-31 71.51 13.66 13.95 HJW-261- 3 62.3 24,2 13.6 -

ANC- 50 66.67 14.29 16.48 ANC- 116 29.3 39,0 18.2 13.3
ANC-237 62.36 1h.39 12.92 55-138 12,10 23.8 33.7 27
ANC-228 62.90 16.71 19.16 ANC~14% 4.3 16.7 34,0 5.3

-225 60.91 16.15 20.68 ANC- O 36.7 36.2 25.8 1.2

-220 56,51 17.h5 23.44 aNC- 83 ih .7 22,7 32.2 .3

TT-18 (16) 40.88 38.69 17.52 ARC-147 51,0 28,2 20.6 .3
BSP II-12 (N.JW k.01 32.39 21,13 ARC-243 89.6 6.9 3.5 - .
7r-18 (20} 30.32 50,69 14,58 Tr-019-31 6h.5 21.7 13.9 -
TT-18-15 36.91 20.47 39.26 TT-019-55 72,0 17.2 10.5 3
r-18-26 5,25 32.67 21451 PT-019-29 67.1 20.4 11,1 .6
TP-18-25 143,24 33.33 21.98 ABC- 93 51.0 17.8 23.9 Tk
Tr-18-24 b4 .88 36.7Th 15.81 awc- 8L 56.9 22,0 16. 5.0
TT-18-23 43.68 38.79 k.94 ANC- 89 56.5 17.8 25.1 o7
PP-18-22 41,24 k8.39 8.99 ANC- TT 56.5 28,5 14,9 .2
Tr-18 (29 46,00 16.00 16.80 ANC-237 58,92 23.21 17.85 -
BSP II-10 (n.w; 3246 38.11 18.l ANC-228 55,6 23.8 20,5 -
TT-18-12 31.90 48.75 17.92 AND-225 63.4 22.3 14,3 -
BSP-3 (N.¥W 55.6h 21.82 19,64 ANC-220 61.8 22,5 15.16 Sl
BSP II (k) sn.w; k5,79 26.7h 25.64
TT-18-13 45,31 29.69 20,94




