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| 5 A heavy mineral study was carried out for sand-size

fractions of onshore Holocene sediments (modern beach and

river sediments), nearshore Holocene and Pleistocene relict

5- A HEAVY MINERAL STUDY OF PLEISTOCENE AND i
HOLOCENE SEDIMENTS NEAR NOME, ALASKA ; sediments, and Pleistocene and Pliocene sediments from
&
By several nearshore drill-holes. Heavy mineral assemblages of

Madhusudan Sheth these sediments are dominated by garnet, chlorite, epidote,

@

chloritoid, sphene, and staurolite.

The nearshore region of Nome is mainly underlain by
various types of Pleistocene sediments such as relict gravel
| that mantles glacial drift, relict gravel over Nome River K
. outwash fan, relict gravelly sand of submerged beaches, and

i : relict gravel that mantles bedrock. In places these relict

sediments are covered by Holocene sandy and muddy sediments.
15-- l Open-file report
: The high concentration of heavy minerals is expected for
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; various relict sediments, because the latter were winmowed
-
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N by several transgressions and regressions of the gea during
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. i Pleistocene time. Concentration of heavy minerals, however,
" This report is preliminary i
and has not been edited or ' is greater for Holocene sand than relict gravel, which
reviewed for conformity with
Geological Survey standards mantles glacial drift and relict gravelly sand of submerged
1
beaches. The high concentration of heavy minerals in Holo-
cene sand suggests the winnowing of sand by strong bottom
currents. The low concentration of heavy minerals in the
| relict gravel on glaclal drift and relict gravelly sand of
Tt T T e submerged beaches is probably due to the heterogenous nature
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of relict sediments. Sand fractions of the relict sediments
probably have Eeen introduced during the Holocene time.
Also, contamination of samples of relict gravel from under-
lying glacial drift is suspected.

A greater concentration of coarse gold particles
(1 mm. or larger) is found in nearshore relict gravel that
mantles glacial drift than in any other sediment type. Re-
lict gravel on glacial drift, which carries high gold
values, does not show a high concentration of heavy minerals
or a high concentration of garnet. Two factors account for
the lack of correlation between concentration of gold and
the other heavy minerals: (1) contrast between hydraulic
properties of the gold particles and other heavy minerals,
and (2) the heterogeneous nature of relict sediments. Be-
cause of their extremely high specific gravity, coarse gold
particles are not moved by longshore currents or bottom
currents from relict gravel which mantles glacial drift,
whereas the heavy minerals which are mostly medium to fine
gand in gsize, are trangported by longshore currents and -
strong bottom currents. The Holocene sand winnowed by
strong bottom currents shows a high concentration of heavy
minerals.

Heavy mineral assemblages are more or less similar
for the various sediments. Minor compositional wvariations
mainly reflect the effect of sorting of mineral grains

according to size and specific gravity. The frequencies of

garnet and staurolite are slightly higher than average for
modern beach and river sediments. 1In negrshore sediments,
garnet is most abundant in Holocene sand winnowed by strong
bottom currents. Holocene gilty sediment which occurs in
small patches is characterized by high concentration of
micaceous minerals and low concentration of garnet, because
the weak currents which deposit fine sediments usually carry
light micaceocus minerals in great abundance and minerals of
high specific gravity like garnet in small amounts. Samples
of Pleistocene glacial till and Pliocene marine silt from
several nearshore drill-hole locations show high concen-
trations of micaceous minerals and low concentration of
garnet.

Holocene, Pleistocene, and Pliocene sediments of
Nome are mostly derived from the same general metamorphic
source rocks of the Inland region. The majority of the
minerals found in heavy mineral assemblages,‘such as garmnet,
chlorite, epidote, chloritoid, sphene, staurolite, horn-
blende, and tremolite-actinolite, are reported to occur in

the metamorphic rocks of Nome and the adjacent region.



.

ACKNOWLEDGMENTS

I am indebted to Dr. D. M. Hopkins of the U.S,
Geological Survey and to Dr. R. L. Rose of San Jose State
College for suggesting this study. In particular, I would
like to express my appreciation to Dr. R. L. Rose and
Dr. K. Venkatarathnam of the University of Washington,
Seattle, for their guidance in mineral identification.

My thanks are also due to numerous members of the
U.S. Geological Survey for helping me in selecting samples
and making other facilities available during this project.
In addition, I express wy sincere gratitude to Dr. R. S.
Creeley, Dr. C. H. Stevens of San Jose State College and
Dr. H. Nelson of the U.S. Geological Survey for reviewing
the manuscript and making useful suggestions. Finally, I
gratefully acknowledge guidance, suggestions, and criticisms
of Dr. R. L. Rose throughout this project. He critically
rgviewed the whole manuseript and made several useful
suggestions. Financial support from the U.S. Geological

Survey made the completion of this thesis possible.

vi

TABLE OF CONTENTS

ABSTRACT . . . . . . . .. . ...

ACKNOWLEDGMENTS . . . . . . . ... ..

LIST OF

LIST OF

Chapter
1.

2.

3.

TABLES . .. , . . .. ..
FIGURES . ., .

INTRODUCTION . . . , ., . . .
PURPOSE . . . . ... ...
LOCATION . . . . . .

PREVIOUS WORK . .

GEOLOGICAL SEFTING . . . . . .
General Geologﬁ . e
Coasfal Plain Stratigraphy .
Beach Sediments , .
Nearshore Bottom Sediments .

TECHNIQUES OF INVESTIGATION
SELECTION OF SAMPLES .

HEAVY MINERAL SEPARATIONS

MINERAL IDENTIFICATION .

MOUNTING . . . . .

COUNTING PROCEDURES

HEAVY MINERALS .

AMPHIBOLE GROUP .

vii

Page
iii
vi

xi

W N U WV W W e

P i T = T o B S SR
=T B I R o



viii ix

ol

Chapter Page Chapter Page
Hornmblende . . . . . « + ¢ « ¢ « o« & 4 o . 19 HEAVY MINERAL WEIGHT PERCENTAGE VARIATIONS . 35

Glaucophane . . . . . . . . . . ¢ . .. 19 Heavy Mineral Weight Percentage in
' : Onshore Holocene Sediments . . . . . . . 35

Tremolite-actinolite . . . . . . . « . . . 20
Heavy Mineral Weight Percentage in
APATITE . .« & ¢ & + & o o &+ o s o s 2 « s 20 Nearshore Holocene and Plelstocene

Relict Sediments . . . . . . . « « « . . 38

CHIORITOID . . . & & + ¢ ¢ & ¢ o = o « 5 o 21 .
Heavy Mineral Weight Percentage in

EPIDOTE GROUP . . . « & 4 ¢« « o « o « o o & 22 Pliocene and Pleistocene Sediments . . . 41
Epidote . . v ¢« ¢« ¢ ¢« & v 4 4« a4 s o e 22 RELATIONSHIP BETWEEN GOLD AND HEAVY
MINERALS . . - e e . . s a e s 41
Clinozoisite . . . . . . . ¢ . . o . o .. 23
Distribution of Gold in Sediments of
GARNET . « + « « & « o « o « o o & o =« o« « 23 the Nome Region . . . . . . . . « e e 41
GOLD . . & & 4 ¢ v 4 s o « s s o 2 o« o o a 24 Relationship Between Gold Value, Heavy
Mineral Weight Percentage, Garnet
RYANITE .+ « « © « + « o o o « s s s « « = & 24 Percentage, and Micacecus Minerals

Percentage . . . « ¢+ ¢ « « o ¢« » « « « « &3
MICACEQUS MINERAIS . . . . . . . . « « « . . 25
Relationship Between Gold Value and

Chlorite . . . . . . « ¢ v ¢ v v « v « &+ & 25 Weight Percentage of Heavy Minerals . . . 45
Mascovite . . . . . . . . - . 4w . e . 25 Relationship Between Gold Value and
Garnet Percentage . . . . . . . . . . . . 45
Biotike .« ¢ « & & ¢ v v v o e e e e e e 25
Relationship Between Gold Value and
OPAQUE MINERAIS ., . . . . . + « & o « « & & 26 Micaceous Minerals Percentage . . . . . . 48
PYROXENE GROUP . . . . . . « - « « &+ « « = & 26 MINERAL COMPOSITION VARIATIONS . . . . . . . 51
SILLIMANITE . . . + « ¢ &+ « o ¢ o2 s o = 26 Mineral Composition of Onshore

Holocene Sediments . . . . + « « ¢« « o« . 51

SPHENE . « « « ¢ 4 o 2 o o 2 o o 2 o o « o & 27 .
Mineral Compogition of Nearshore

STAUROLITE . . + ¢« & + « « « s « o « « o« & « 27 Holocene and Pleistocene Relict
Sediments . . . ¢« « . v v 4 4 e e 4 e 4 . 55
TOURMALINE . . . & « & & ¢ o o« » o o o o « = 28
Mineral Composition of Pleistocene
ZIRCON . v + v v o o 4 o o o o o o s s o s = 28 and Pliocene Sediments . . . « « .+ « « . 6l
LIGHT CONSTLITUENTS . . . « « -« « & o « = =+ & 29 Discussion . . . . . . . . . . 4 0 ... 64
4 HEAVY MINERAL VARIATIONS . . . - . .« « « « . . 3¢ 5. PROVENANCE . . . . v ¢« « v + v v v v v v v o . 69
HEAVY MINERAIL DISTRIBUTION IN DIFFERENT 6. SUMMARY AND CONCLUSIONS . . . . .. . . 72
GRAIN SIZE FRACTIONS . . . . « « + « « « =« 30



LY

-Chapter Page
BIBLIOGRAPHY . « & ¢ ¢ « o = o s s = o « o s s« & + o » 77 1IST OF TABLES
APPEMDIXES . . & & v v v s o o s o o 4 v.a e 0 4 s e 80
A. Weight Percentage of Heavy Minerals . . . . . 81 Table Page

B. Weight Percentages of Heavy Minerals 1. Average Heavy Mineral Weight Percentages

and Ferromagnetic Minerals in Three 52 for Various Sediment Types . . . . . . . . . 36
Size Fractlong . . . . . . ¢ v v o0 v e 2. Average Gold Values, Heavy Mineral Weight
C. Franz Separation Data . . . . . . « « « « « & 83 Percentages, Garnet Percentages, and

Micaceous Minerals Percentages for
Various Sediment Types . . . . « . . . . . . 44

3. Average Mineral Composition for Various
Sediments . . . . . . . .+« . 4 4 4 . ... 53

xi




Figure

190.

11.

12.

13.
14%.

15.

16.

LIST OF FIGURES

Index Map of Chirikov Basin .
Iocation Map . . « .+ . « « « o . . .

Generalized Geologic Map of the Southern
Seward Peninsula, Alaska . . . .

Geologic Cross Section Across the Coastal
Plain and Nearshore Area at Wome

Sediment Types in the Nome Nearshore
Region . - ..

Mean Size of Nearshore Bottom Sediments .
Location of Samples . . . . . . . . . . .
Histograms of Heavy Mineral Weight
Percentage and Ferromagnetic
Minerals Therein . . ..

Size Distribution of Garmet as a
Percentage of Total Fractiom . . .

Size Distribution of Epidote as a
Percentage of Total Fraction . . . . .

Size Distribution of Chloritoid as a
Percentage of Total Fraction . . . . .

Heavy Mineral Weight Percentage
Distribution in Various Sediments .

Heavy Mineral Weight Percentage Map .

Relationship Between Gold Value and
Heavy Mineral Weight Percentage .

Relationship Between Gold Value and
Garnet Percentage . . . .

Relationship Between Gold Value and
Micaceous Minerals Percentage .

xii

Page

11

12

16

31

32

33

34

37
40

46

47

49

Figure
17.

18.
19.
20.
21.
22.
23.

24,
25,

xiii

Page
Heavy Mineral Composition of Various
Sediments . . . . . . . e e e e e e e e e 52
Garnet Percentage Map . . . . . . « « + « 1+ « . 56
Epidote Percentage Map . . . . . . . . « .« . . 57
Chloritoid Percentage Map . . . . + . &+ « « « . 58
Sphene Percentage Map . . . . + « « « « ¢ « o . 59
Staurolite Percentage Map . . . . . . . . . . . B0
Variation of Heavy Minerals in Off-
shore Direction . . . e v e e e e e e e s 62
Micaceous Minerals Percentage Map . . . . . . . 63
Triangular Diagram of Heavy Mineral
Assemblages . . . .« . . L L 0 d 0w e e e e 67




' ] 3 3 ]
b 3 -3
. 4 <
Chapter 1 g E

X 9 p L)

INTRODUCTION w B
¢ Z
&
PURPOSE & z
&1 ¥

2 |
The Nome region of Alaska became well known after 2
the discovery of placer gold deposits in the latter part of 5 o 3

the nineteenth century. Recently, during the summers of

1967 and 1968, as part of the U.S. Geological Survey's

SEWARD PENINSULA

Heavy Metal Program, 141 bottom samples were collected in

the nearshore region of Nome and 51 bore holes were drilled

L
166°

in this region. This program also included detailed sam-
pling of Nome beaches and the collection of samples of river
beds of this region. The investigation near Nome is a part

of the U.S. Geological Survey's exploration program carried

‘out in the Chirikov Basin (that part of the Bering Sea

i,

bounded by the Seward Peninsula, the Yukon Delta, St. Law-

CNIRIKOV BASIN

rence Island, and the coast of the Chukotka Peninsula,

Siberia (Fig. 1) ) to study the distribution of gold and

general geology of the region.

FIGU‘RE l. INDEX MAP OF CHIRIKOY BASIN
170®

The purpose of this investigation was two-fold:
(1) to study nonopaque heavy minerals (Sp. gr. 2.85) in

gand-size fractions and to interpret mineralogical vari-

ST. LAWRg
we,
&

ations in terms of source areas, depositional enviromment,

172¢

transportation agents and age of sediments, and (2) to

CHUKQTKA
PENIN
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relate the distribution of gold to heavy minerals. g
¥
3y

LOCATION

«]
The area of investigation is located in the north- 4
eastern part of the Chirikov Basin, off the coast of Nome, o4
Seward Peninsula, Alaska (Fig. 1). The samples selected -
for the heavy mineral analysis came from a 216 square mile o

area, which lies between Cripple River and Cape Nome and
extends about eight miles in offshore direction (Fig. 2).

PREVIOUS WORK

Placer gold deposits of the Seward Peninsula were
first reported in 1865 by members of a party sent by the
Western Union Telegraph Company during the construction of
telegraph lines to comnect the United States with eastern
Asia. The Nome gold rush took place between 1898 and 1900.
During the height of the excitement, it is estimated that

-about 2000 men were engaged in gold mining along the beach
near Nome. Although only the most primitive means were
employed, over a million dollars worth of gold was obtained
in a period of about two months, and the richest deposits of
the present beach .were practiﬁally exhausted. Between 1904~
1906, mining operationg for placer gold deposits extended to

onshore buried beaches and over all parts of the Nome region

FIGURE 2. LOCATION MAP

(Collier and others, 1908, pp. 19-39).

The interest in placer gold deposits of the Nome
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region led to systematic geological iInvestigations of the
area by the U.S. Geological Survey (Brooks and others, 1901;
Collier and others, 1908; Moffit, 1913). The report by
Brooks and others (190l) included the first description of
Nome beach sediments and buried beach sediments of the near-
by coastal plain. Recently an important contribution about
the distribution of nearshore bottom sediments of Nome came
from Nelson and Hopkins (1969) of the U.S. Geological Survey.
Their report primarily deals with the distribution of gold
in the northern Bering Sea. Also, the investigation by
Greene (1270) . has
helped in understanding sedimentary processes of the Nome
beaches.

The heavy minerals in sediments of the northern
Bering Sea were studied by X. Venkatarathnam (1969) of the
University of Washington, Seattle. In his paper, he de-
scribed the heavy minerals in the sediments farther offshore
from the area presently under investigation. However, no
detailed study of heavy minerals has been done in the near-

shore or onshore sediments of Nome prior to this thesis.
GEOLOGICAL SETTING

General Geology

Most of the southern Seward Peninsula is underlain
by metamorphosed sedimentary rocks (Fig. 3). In the Kigluik

Mountains, which are situated about 30 miles north of Nome,
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rock types such as biotite gneiss, biotite schist, and
coarsely crystalline marble crop out (Moffit, 1913, p. 33).
These rocks are known as Kigluik group. The rocks of the
Kigluik group are intruded by dikes and sills of granite,
diorite, and diabase. Overlying the Kigluik group is a
series of rocks that consist chiefly of chloritic and feld-
spathic schist and altered limestones. These rocks are
known as Nome group and are exposed in the Anvil Mountains,
a few miles north of Nome. Similar chloritic schists form
the basement beneath Tertiary and Quaternary sediments on
the coastal plain and the nearshore sediments. The rocks
of the Nome group are intruded by granite, granodiorite,
and greenstone. The largest area of granite is present at
Cape Nome (Moffit, 1913, p. 33).

The rocks of the Kigluik group are mostly of early
Paleozoic age, but may include some rocks of the pre-
Cambrian age (Dutro and Payne, 1957). The rocks of the Nome
group are of early Paleozoic age. Intrusive rocks of both
g?oups are probably of late Paleozolc {Permo-Carboniferous)

and Mesozoic age (Dutro and Payne, 1957).

Coastal Plain Stratipraphy

The bedrock beneath the Nome coastal plain is mantled
by Pliocene and Pleistocene beach sediments interstratified
with glacial deposits (Hopkins, in press). These marine and
glacial sediments are covered by modern beach sediments,

alluvium, colluvium, wind blown silt and peat of Holocene

age. Four majof marine units representing different sea
level stands during late Pliocene and Pleistocene time have
been recognized. They are locally known as Pliocene beach,
Submarine beach, Third beach, and Second beach {(Hopkins, in
press). The Submarine beach and Third beach are geparated
by glacial drift of the Iron Creek glaciation, and the Third
beach and.Second beach are separated by the Nome River

glacial drift (Illinoian). A geologic cross-section across

the coagtal plain area at Nomé is shown in Figure 4,

Beach Sediments

The Nome beach sediments vary from coarse gravel to
fine and medium sand. Fine sand predominates near water,
but in the higher part of the beaches, gravel is more abun-
dant. The pebbles of the gravels do not exceed 1 or 2 inches
in thelr greatest dimension. The gravels on the beach sur-
face are mostly rounded quartz with a considerable amount of
schist and a little granite. 1In places the surface material
is almost entirely composed of red garmet or "ruby sand"
(Moffit, 1913, p. 110).

According to Greene { 4270 ), the beach gsediments
are poorly sorted with no direction of increasing or de-
creasing median diameter, sorting coefficlent, or sand-gravel
ratio. The sorting coefficient (Trask's sorting coefficient)
varies from 1.20 to 5.10, and median diameter varies from
0.52 mm to 13 mm. Generally, the sand found in the swash

zones shows the best sorting. The foreshore and backshore

e
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10

sediments are gravelly and poorly sorted.
Moving ice covers the sea and beaches for about

seven months every year. Thus, beaches are isolated from

surface waves, longshore drift, and tidal currents during
this period. Further, sea ice in contact with the ocean
bottom picks up gravel and sand and pushes them ashore
(Greene, 1970 ). In Greene's opinion, the isolation of
the beaches for about seven months from wave energy, and the
disturbance of sediments by movement of the sea ice is re-

sponsible for the poor sorting of the beach sediments.

Nearshore Bottom Sediments

Most of the nearshore region of Nome is underlain by

Pleistocene relict sediments (Fig. 5). The relict sediments
consist of a variety of materials such as ancient beach,
deltaic and onshore glacial sediments which are now sub-
merged as a result of the eustatic rise of sea level during

the past 19,000 years (Emery, 1968, p. 445). The relict

sediments of the Nome region are mainly gravels which are
found in an irregular belt parallel to the shore. The
gravel pattern is interrupted by tongues of Holocene sand,
silt, and mud. Silty and muddy sediments occur in topo-
graphic depressions. The map of the mean size of surface
sediments shows the irregular distribution of sandy, silty,
and muddy sediments of the Holocene age (Fig. 6).

Two submerged beaches, called imner and outer, have

been recognized at depths of -35 to -42 feet and -65 to -72
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feet. The submerged beaches occur in more or less regular
belts parallel to the shore.  The age of these submerged
beaches is uncertain, but according to Nelson and Hopkins
(1969, p. 10}, the outer beach may have formed during the
rise of the sea level about 40,000 to 30,000 years ago, and
the inner beach may have formed during the Holocene rise in
sea level between 15,000 and 5000 years ago.

The following is a summary of general geology and
sediment types of the nearshore region of Nome from the re-
port of Nelson and Hopkins (1969):

{1l) Pleistocene relict sediments, which are further
claggified in four categories:

(a) Relict gravel derived from underlying glacial
drift. Glacial marks and other features are
often present in gravels of glacial origin.
Pebbles are angular and made up of a variety of
rock types.

(b) Relict gravel resting on the Nome River ocutwash
fan.

(c) Relict gravelly sand of submerged beaches formed
where the sea level was stationary for a consid-
erable period. Submerged beach gravels are
generally well rounded and pebbles of quartzite
predominate.

{d) Relict gravel derived from underlying bedrock,

where bedrock is exposed at a very shallow depth.

(2)

(3

(4)

14

Well-sorted and medium-sized transgressive sand of
Holocene age containing 10% or less silt and mud
found in the present day zone of longshore current
movement.

A mixed type of Holocene mud and relict gravel which
occurs near the boundaries of the relict gravel
areas and where small local depressions in the
relict gravel region are covered by a thin mantle
of Holocene mud.

Holocene silty and muddy sediments which oceur
further offshore.
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TECHNIQUES OF INVESTIGATION

® Driti-holasamples
A Beach somples G-
£ Rivar sampies Ahp~

® Greb samples

SELECTION OF SAMPLES

*i08

Fifty-four samples representing all types of sedi-

s LTy

ment in the nearshore region of Nome were analyzed for the

0 0-19-11d

heavy mineral study. 1In order to evaluate the source region
of onshore Holocene sediments, nine beach samples and two
gamples of sand from the Nome River bed were analyzed. Also,

nine samples from five drill-holes which penetrated Pleisto-

s
9248

246

cene glacial till and Pliocene marine sediments at nearshore
locations were studied. Thus a total of 74 samples were

examined for this investigation (Fig. 7).

HEAVY MINERAL SEPARATIONS

[] L L}
a2 i22 *121A
24}

All samples were analyzed following standard labor-
atory procedures. Heavy mineral separations were performed
by centrifuging sand-sized fraction (1-4 phi interval) in
promoform (Sp. Gr. 2.85 at 25° C.) as suggested by Hutton
(1960, p. 642). WNine nearshore samples and one gample of
Yruby sand” from the modern beach were sieved into three

'gize fractions, 1-2, 2-3, and 3-4 phi intervals and heavy

® 236
FIGURE 7. LOCATION OF SAMPLES

‘minerals were separated from each fraction in order to study

‘mineral variations in different size fractions. The weight

| 15
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percentages of heavy minerals are reported in Appendix 1.
The ferromagnetic fractions were removed by a hand magnet
from the heavy mineral residues of those samples which were
sieved into three size fractions. The weight percentages
of ferromagnetic minerals in the heavy mineral residues are
reported in Appendix 2. V

The Electromagnetic Eractionation of the heavy min-
eral concenfrates of two samples was performed with a Franz
Separator, as outlined by Hutton (1959, p. 12). A slope of
15°, and tilt of 10° and a particle size of 3-4 phi was used

for these samples.
MINERAL IDENTIFICATION

The identification of mineral grains was performed
by studying their optical properties under the petrographic
microscope. The oil-immersion technique was used, es-
pecially when there were difficult problems of identifi-

cation. The mineral grains were mounted on gelatin coated

8lides for the purpose of refractive index determination.

Tmmersion oils were calibrated to *0.003.

MOUNTING

After studying the heavy mineral fractions of ten
samples which had been separated into three size fractions,
it was found that heavy minerals were concentrated in the

2-4 phi grain size fraction. Therefore, heavy mineral

18

fractions were sieved into two size fractioms, 1-2 phi and
2~4 phi,  The 2-4 phi size fractions were mounted on micro-
scope slides usging hyrax (R. I. 1.71); the 1-2 phi grain
size fractions, which confained sinmple minerai assemblages,
such as garnet and micaceous minerals, were mounted with
lakeside (R. I. 1.536). The four samples studied for light

mineral constituents also were mounted in lakeside.
COUNTING PROCEDURES

Grain counting was carried out by using a mechanical
stage mounted on a petrographic microscope. First, all
heavy minerals, opaque as well ag nonopaque, were counted

together. The total counts of each sample included 300-400

nonopaque and nommicaceous mineral grains. The mineral fre-

quencies were reduced as percents excluding opaque and
micaceous minerals. Three micaceous minerals, chlorite,
muscovite, and biolite, were counted together, and their
frequencies in the nonopaque minerals of heavy residues were

also reduced as percents.




Chapter 3
HEAVY MINERALS
AMPHIBOLE GROUP

Hornblende

The frequency of hornblende varies from 1 to 107 of
the heavy mineral fractiong of the Nome sediments. Horn-
blende occurs as elongate cleavage fragments with moderately
rounded edges. The greenish to bluish green variety is very
common; the brown variety is comparatively less common. The
following optical properties were determined:

{1) A refractive index of 1.665 was obtained for the 7
direction, which is also the direction of elon-
gation. The determination of refractive index was
made for three grains of the greenish blue variety.

(2) Pleochroic scheme:

Green hornblende Browm hornblende

of light green light yellow

B olive green yellowish brown
rd deep bluish green
(3) Biaxial (-), with rather large 2V of 65°-75°
(estimated), ZAC = 159-25°
Glaucophane

Glaucophane 1s less common than hornblende. 1ts

brownish yellow
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frequency variles from 0-4%. Glaucophane mainly ocecurs as
cleavage Iragments with moderately rounded edges. The
following optical properties were found:
{1) Refractive indices: o = 1.635
B = 1.640

The refractive indices were measured on.one grain

of glaucophane.
(2) Pleochroic scheme: o
B
7 = deep blue
(3) Biaxial (-), 2V = 50°-60° (estimated),
ZAC= 16°,

it

colorless

lavender

1]

dispersion: D, - r< v, moderate.

Tremolite-actinolite

These two minerals were counted together. Their
combined frequency varies from 0 to 4%. Tremolite and
actinolite occur as cleavage controlled fragmeﬂés with
moderately rounded edges. There are all gradations from the
colorless, nonpleochroic (tremolite) to the pale green

pleochroic variety (actinolite).
APATITE

Although apatite was found in a number of samples,
its frequency rarely exceeded 3% in any sample. It occurs
as rounded, well-worn, egg-shaped grains. Stumpy, prismatic

crystals, rounded at the edges are also found. The grains
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are mogtly colorless but dusty in appearance.
CHLORITOID

The frequency of chloritoid varies from 1 to 8%.
1t mainly occurs as tabular grains parallel to 00l. Such
gsections generally give a Bxa figure. Elongate cleavage
fragments are less common, and these crystals show marked
pleochroism. Many grains contain numerous inclusions of
quartz and opaque materials. The following optical
properties were determined:

{1) Refractive indices: & = 1,710
B  =1.716
The determination was made on one grain lying on
the 001 cleavage plane.
(2) Pleochroic scheme: o

B

7
(3) Biaxal (+), 2V = 60° -70° (estimated),

greenish gray

o

bluish gray

colorless

dispersion: D,-r>v, strong.
Included with the chloritoid are rare grains wvhich are ten-
tatively considered to be a variety of chloritoid. The
optical properties of this mineral differ from normal chlor-

itoid as follows:

Normal Yariety of
Chloxritoid Chloritoid

Tabular grains lylng Usually occurs as

(1) Shape
on 001 cleavage plane elongate crystals
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(2) Pleochroism:® = greenish gray vellow
;3 = bluish gray

(3) Interference Bxa (+), 2V =
figure 60° - 70° marked by a strong
dispersion: crossed dispersion.
D,-r>v, strong Optical sign could
not be determined
because of a
crossed dispersion.

greenish yellow.

Bxa, 2V = 70°- 80°

(4) Birefringence low-order low-order
Like normal chloritoid, the variety of chloritoid also

separates at Fr. 2. by the Franz separator (Appendix 3).

EPIDOTE GROUP

Epidote
After garnet, epldote is the second most gbundant

mineral in the heavy mineral suite of this region. 1Its fre-
quency varies from 3 to 39%. Epidote commonly occurs as
elongate, rectangular shaped grains with edges showing
varying degrees of roundness. Highly rounded grains are
also found, but rectangular cleavage-controlled grains are
more abundant. The grains are characterized by predominant
cleavage in the direction of elongation, with somewhat dis-

continuous fractures {?) at right angle to the cleavage.

Epidote usually has a greenish yellow color and shows weak

pleochroism, but colorless, nonpleochroic grains are also
found.
The rectangular shaped grains commonly give an optic-

axis figure and less commonly a centered Bxa (-) figure with
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a large axial angle (2V = BO®-85° estimated). Dispersion is
somewhat strong, Dy-r>v. The direction of dispersion is
often anomalous showing Dy-r<Lv. The refractive index of

1.738 was obtained for }? direction on three grains.

Clinozoigite

Clinoczoisite is a rare mineral in the heavy mineral
suite of this region. It was detected in 11 samples and its
frequency never exceeds 1% in any sample. Clinozoisite is
characterized by its anomalous ultrablue interference color.

It is biaxial positive and has strong dispersion, Dy-r<v.
GARNET

Garnet is the most abundant heavy mineral in the
Nome sediments. It has been recognized in almost every size
fraction and in every sample. 1ts frequency varies from 15
to 90%. Different varieties of garnet were not distin-
guished, but from refractive index determination on a num-
ber of grains (R.I. 1.78 - 1.81), and from Franz separation
data, spessartite-almandine seems to be the most abundant
garnet in all samples studied. ‘

Garnet ranges in color from colorless to pale pink,
pink, and salmon brown, but the pink variety is the most
abundant. Garnet is found in three forms: (1) euhedral
graing slightly rounded at edges, (2) well rounded grains,
and (3} irregular shaped grains with edges showing varying

degrees of roundness from sharply angular corners to well
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rounded ones. The euhedral grains are rare, but irregular
shaped grains are very common. Inclusions, mainly color-
less, needle-shaped or prismatic, are abundant (;efractive
indices of inclusions are usually lower than that of the
host mineral, but inciusions of higher refractive indices
than the host mineral were also noticed). Garnet grains
are more or less clear, although grains stained with iron-

oxide are present in all samples.
GOLD

Although fine gold {less than 0.25 mm) is widely
dispersed in sediments of the Nome region {(Nelson and Hop-
kins, 1969, p. 41), it was detected only in the fine-size
fraction of one sample of'ruby sand’of the Nome beach. Gold
from this sample occurs ag thin irregular shaped flakes that
show a characteristic golden-yellow color in reflected light.
It separates at the anti-magnetic fraction of Franz separator

{Fraction: 6 rejected at 1.2 Amp.).
KYANITE

Kyanite is a wvery rare mineral in the heavy mineral
assemblage of this region. Tt was identified in eight sam-
ples, but its frequency never exceeded 1%. Kyanite is
characterized by cleavage-controlled rectangular shaped
crystals with moderately rcunded edges. Many grains show an

extinction angle of 30° between Z and the 001 plaﬁe. Such

___________—________._'__.
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sections also give a centered Bxa (-) figure with a large

axial angle.

MICACEOUS MIMERALS

Chlorite

Chlorite is the dominant micaceous mineral in the
Nome seﬁiments. It was found in almost every size fraction
and in every sample. Chlorite occurs as flat, rounded
cleavage flakes. It is characterized by a pale grass-green
color with faint pleochroism and abundent opaque inclusions.

Oxidized grains with yellowish brown color are very common.

Muscovite

After chlorite, muscovite 1s the next most abundant
micaceous mineral. It 1s characterized by large basal plates
that give a centered Bxa (-) figure with an optic axial angle
of 45°-50°. 1Inclusions of opaque minerals, quartz, and

minute needle shaped crystals are common.

Biotite

Biotite is less common than chlorite and muscovite.
It occurs as irregular cleavage fragments and is charac-
terized by a red-brown color. Cleavage fragments give a
centered Bxa (-) figure with a very small axial angle. In-
clusions of prismatic-shaped minute erystals, probably of

zircon, were noticed in few grains. Grains of biotite are

often opague because of alteration ta iron oxides.
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QPAQUE MINERALS

The identification of opaque minerals was difficult
because it requires an optical system adapted to reflected
light techniques. Magnetite and ilmenite are the dominant
opaque minerals. A minor amount of hematite, which is
characterized by deep blood-red color in reflected light
was noticed. The maximm weight percentage of ferromagnetic
minerals was observed in "“ruby sand" of the Nome beach (25%).
The distribution of ferromagnetic minerals in different

gize grades is described in Chapter 4.
PYROXENE GROUP

Clinopyroxene is of minor importance in the heavy
mineral assemblage of this region. It never constitutes
more than 2% of the heavy minerals and occurs as cleavage
fragments with moderately rounded edges. It is charac-
terized by a large extinction angle (2v = 38°-40°). Ortho-

pyroxene was not identified in any of the samples.
SILLIMANITE

Sillimanite was found in a number of samples but
its frequency rarely erceeded 3% of the heavy minerals. It
mainly occurs as minute fibers, needles, and felted masses.
Elongated prismatic graims are comparatively rare. Silli-
manite is marked by parallel extinciion and positive elon-

gation.

______—__———-——_-—



27 28
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SPHENE | (2) Pleochroic scheme: «

B

7
(3) Biaxial (+), 2V = 80°-85° (estimated);

pale yellow

1t

pale yellow
Sphene is a rather persistent mineral. Its fre-~

orange yellow
quency varies from 1 to 7%. Sphene commonly occurs as

irregulér shaped grains with edges showing varying degrees

dispersion: D, - r>v, moderate.
of roundness. Grains of sphene are generally colorless,

but slightly pleochroic grains in shades of light yellow TOURMALINE

to brown were also found. Sphene 1s characterized by its

The frequency of tourmaline ranges from 0 to 5%.
high order of birefringence and extreme dispersion. Many

It usually occurs as small prismatic crystals with slightly
grains give a centered Bxa figure and the following optical
rounded edges. Inclusions of opaque materials are very
properties were observed: biaxial (+), 2V = 30° (estimated);

common. The observed dichroic scheme for tourmaline is as
dispersion: D, - r>v extreme.

follows:
STAUROLITE E Y
(1) Brownish and purple black very common
Like sphene, staurolite is also a persistent mineral.

{2) Colorless brown very common
Its frequency varies from 0 to 7%. Stauroclite commonly

(3) Colorless green less common
occurs ag irregular shaped grains with ragged edges, but
euhedral grains are rare. Inclusions, mostly of quartz, are ZIRCON

abundant, and impart a porous or "sieve" structure appear-
s P P PP

The maximum frequency (207%) was observed in fine-
‘ance to grains. The following optical properties were de-

size fractioms (3-4 phi) of the "ruby sand" of the Nome

termined:
Beach. In the remaining samples, zircon never constitutes
(1) Refractive indices: o =1,730
6 more than 2%. Three varletieg of zircon were found: color-
7 =1.74
0.016 less, slightly yellowish, and a purple-colored variety known
F-o =0,

: as hyacinth, but the colorless variety is by far the most
The determination was made on one grain of

common. All three varieties show gradation from slightly
staurolite.

rounded crystals to well-rounded oval-shaped grains. Also,

_—____’__—
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irregularly broken prismatic cyrstals were found. A1l
varieties show normal birefringence.

The ratio of length and breadth for perfect euhedral
crystals ranges from 1.75 to 3.0, with the majority of

gralns lying between 2.0 and 2,5.

LIGHT CONSTITUENTS

The light minerals in the sediments were not studied.

However, for three nearshore grab samples of Holocene sedi-
ment, the mineral composition is as follows: quartz, 90%;
microcline, 3%; chert, 2%; rock fragments, 3%; and

micaceous minerals, 2%.

Chapter &
HEAVY MINERAL VARIATIONS

HEAVY MINERAL DISTRIBUTION IN DIFFERENT
GRAIN SIZE FRACTIONS

Ten samples were analyzed for heavy mineral vari-
ation in three sand-size fractions, 1-2, 2-3, and 3-4 phi.
The histograms of the heavy mineral weipght percentage dis-
tribution in three grain size fractions indicates a maximum
concentration of heavy minerals in the 3-4 phi fraction
(Fig. 8). Ferromagnetic minerals in heavy mineral residues
are also concentrated in this fraction (Fig. 8). The vari-
ations of mineral composition in three size fractions were
studied by plotting graphs of grain size against the per-
centage of each mineral species. The mineral composition
variationg, due to grain size preference of mineral species,
were found to be of little importance, although garnet shows
preference for the 1-2 phi range (Fig. 9), whereas epidote
and chloritoid are more concentrated in the 2-4 phi than in
1-2 phi (Fig. 10, 11). 1In general, the heavy mineral assem-
blage of the 2-4 phi size fraction was found to contain the
maximum variety of mineral species; consequently the com-

positional variations were studied for this fraction only.
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HEAVY MINERAL WEIGHT PERGCENTAGE VARIATIONS

Heavy mineral weight percentages in various sediments are
reported in Table 1.

Heavy Mineral Weight Percentage in Onshore
Holocene Sediments (Fig. 12a)

The maximum concentration of heavy minerals (90%) is

found in "ruby sand" which occurs as small pay-streaks on
the Nome beaches. These pay-streaks are not more than a few
inches thick and extend in a horizontal direction for a
short distance only. They are almost entirely made up of
pink garnet and opaque minerals (Moffit, 1913, p. 110).
According to Hutton (1960, p. 7), such pay-streaks of heavy
minerals are formed by strong winnowing action of wind
storms. The weight percentage of heavy minerals is also
high for sand samples from swash zone (15%) and a bar at
Penny River (30%). These sands are well- sorted with an
average sorting coefficient (Trask's sorting coefficient) 2.4.
Sands in the swash zone and river bar are mainly handled by
waves and littoral currents. As a result of this, they are
better sorted than sediments on other parts of Nome beach
{Greene, /970 ).

In the sand fractions of beach gravel from the back-
shore region, the lowest welght percentage of heavy minerals
(8%) was observed. According to Greene ( [97¢ ), sedi-
ments in this region are handled by waves and moving ice,

consequently, they are poorly sorted. The average sorting
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Table 1

Average Heavy Mineral Weight Percentages
for Various Sediment Types

Sediment types Mean phi Weight percent
in 1-4 phi gize
fractions

ONSHORE HOLOCENE SEDIMENTS
Modern beach sediments

Ruby sand 0.45 90
Sand samples from swash zone 0.54 15
A sand sample from a bar at

Penny River 0.45 30
Gravel samples from back-

shore region -1.5 8

*Gravel samples from
Nome River 17

NEARSHORE HOLOCENE AND PLEIS-
TOCENE RELICT SEDIMENTS

Holocene sand 1.2 18
Holocene silt and mud 4.0 7

Relict gravel over glacial
drift -1.5 12

Relict gravel on Nome River
outwash fan -2.2 18

Relict gravelly sand of
submerged beaches 1.5 12

PLELISTOCENE AND PLIOCENE
SEDIMENTS FROM NEARSHORE
DRILL-HOLES

*Pleistocene glacial till
(Il1lincian and pre-
Illinoian) - 8

*pliocene marine silty sand - 8

*Grain size data is not available

__________________________;]---------.--------i----------------------------.---------
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coefficient for these gravels is 3.89. In beach sediments,
high concentration of heavy minerals is associated with
well-sorted sand of the swash zone and sand of the river
bars. The heavy mineral content is low for the poorly
sorted gravel of the backshore region.
In two samples of the Nome River, the weight per-
centage of heavy minerals is high (17%), apparently because P
these river sediments have been subjected to stro
currents.

Heav; Mineral Weight Percenta§e in Nearshore
Holocene and Pleistocene Relict S ents

{Fis. 175)

Mixed sediments, ranging in graln size from coarse
gravel to fine silt and mud, underlie the nearshore region
of Nome because relict gravelly sediments of Pleistocene
age are Interspersed with Holocene sand and mud. Pre-
dominantly gravelly sediment often shows nearly the same
sorting as predominantly sandy sediment. For this reason,
the mean grain size of sediment is used for the purpose of
relating the heavy mineral welght percentage variations and
the mineral composition variations.

In general, a high concentration of heavy minerals
is expected for relict sediments because they were winnowed
by several transgressions of the sea during Pleistocene
time. However, the maximum concentration {(18%) of heavy

minerals in nearshore sediments is in the Holocene sand

[
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{mean phi 1.2). The relict gravel on glacial drift and
relict gravelly sand of submerged beaches have a lower
weight percentage of heavy minerals (12%) than Holocene
sand. Two samples of relict gravel on the Nome River
outwash plain show a high weight percentage of heavy
minerals (18%). The map of weight percentage of heavy
minerals (Fig. 13) more or less agrees with the map of
mean size distribution of bottom sediments (Fig. 6).
Patches of Holocene silty and muddy sediments (mean phi
4.0) coincide with the lowest weight percentage of heavy
minerals (5-10%) because these silty and muddy sediments
are mainly composed of light micaceous minerals.

The high weight percentage of heavy minerals in
nearshore Holocene sand suggests the winnowing of Holocene
sand by strong bottom currents. However, the direction
and magnitude of such currents are uncertain because of
the patchy and discontinuous nature of the Holocene sand.
The relatively low weight percentage of heavy minerals in
relict gravel deposits on glacial drift and relict gravelly
sand of submerged beaches probably reflects the hetero-
geneous nature of relict sediments. Medium to fine-size
sand fractions of relict gravelly sediments probably would
have been introduced during the Holocene age. Also, the
contamination of some samples of relict gravel from the
underlying glacial drift is suspected because the relict

gravel forms a very thin mantle (1" average thickness) over
the glacial drift.
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Heavy Mineral Weight Percentage in Pliocene and
PEeIstocene Seagﬁents (Fig. T2c)

The weight percentage of heavy minerals is low (8%)

for three samples of Pleistocene glacial till (Illinoian and
pre-Illinoian) obtained from one nearshore drill-hole lo-
cation. Although grain size data is not available for these
samples, low welght percentage of heavy minerals is expected
for poorly sorted glacial deposits. The weight percentage
of heavy minerals is also low (8%) for three samples of
Pliocene marine sediment from three nearshore drill-hole
locationg. These samples are silty and muddy, and a low
weight percentage is expected, as they are mainly composed

of micaceous minerals.
RETATIONSHIP BETWEEN GOLD AND HEAVY MINERALS
Distribution of Gold in Sediments of

the Nome Region
Three conditions are important in the formation of

placer gold deposits: (1) the occurrence of gold in bed-
rock, (2) the separation of gold from bedrock by weathering,
and (3) the concentration of gold particles by stream cur-
rents, shore currents, etc. Lode deposits of gold were
mined in the Nome region at the time of the gold rush in
Nome. Gold -occurs in quartz and calcite veins associated
with metamorphic rocks of the Nome region {(Collier and
others, 1908, pp. 114-116). The transportation and distri-

bution of placer gold in sediments of the Nome region is
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elaborately discussed by Nelson and Hopkins (1969} in their
study. The following iIs a summary of their data which is
relevant to this report.

1. Tine size gold (0.25 mm or less) is widely dis-
persed in sediments of the Nome region, but the maximum
concentration (556.0 parts per billion ppb) of coarse gold
particles (1 mm or larger) occurs in relict gravel that
mantles glacial drift in the nearshore region. Gold was
eroded by glaciers from old gold placers and bedrock of the
onshore region, and was transported to its present site with
glacial drift. Although the glacial drift carries small
values of gold, several transgressions and regressions of
the sea during the Pleistocene time winnowed away the fine
particles and light minerals, leaving the relict gravel over
glacial drift rich in gold. The relict gravel on the Nome
River outwash contains relatively little gold (4.0 ppb),
because the thin mantle of outwash gravel has covered the
glacial drift sources. The concentration of gold in sub-
merged beach gravel (16.0 ppb) is lower than that of relict
gravel over drift. Submerged beaches were formed where sea
level was steady for a considerable period, and, as a result,
beach sediment buried the glacial drift source rock. The
relict gravel overlying the drift was formed where the sea
advanced rapidly. Nearshore Holocene sediment contains
small quantities of fine gold (8.0 ppb). "Ruby sandof the

Nome beaches carries a considerable amount of fine size gold

____________________.------.-------.--------..------------------IIIIIIIIIIlIIIlIIIlIIIlIlIlIllIIIl
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(2118 ppb). Modern beach gravel samples also carry fairly
high values of gold (155 ppb). The average values of gold
in different sediment types are reported in Table 2.

2. Coarse-size gold (1 mm or larger), once concen-
trated in relict gravel on glacial drift, was not moved by
normal marine processes such as longshore currents, strong
bottom currents, surf waves, etc., although fine-size gold
(0.25 mm or smaller) can be transported by these processes.
Relationship Between Gold Value, Heavy Mineral

Weight Percentage, Garnet Percentage, and
Micaceous Minerals Percentage

Generally, placer gold is associated with minerals
of high specific gravity such as magnetite, ilmenite, pyrite,
zircon, garnet, and monazite (Bateman, 1959, p. 236)}.
Smaller size grains of gold are hydraulically equivalent to
larger grains of lighter minerals, because of gold's
extremely high specific gravity (Sp. Gr. = 15-1%9). The
relationship between heavy minerals and gold has been inves-
tigated by comparing the average gold values (in parts per
Eillion) for various Nome sediments with (1) heavy mineral
welght percentages, (2) garnet percentages (expressed in
mumber frequency excluding micaceous minerals), and (3)
micaceous minerais percentages (expressed in number fre-
quency relative to the nonopaque minerals of the heavy

concentrates).

&4

Table 2

Average Gold Values, Heavy Mineral Weight Percentages,
Garnet Percentages, and Micaceous Minerals
Percentages for Various Sediment Types

”~~
m e 1
Sus 8% @ 1
— 0.0 o =
o Q.0 Q0w ~ ou
- oo IS D Qe
Sediment types Mean oSp Hu S g~ 9.0
phi  S8S B°E HE daw
80 Qe B U 80 @ sSug
-am .B® .9 LB
2 £5 0 2R
MODERN BEACH
SEDIMENTS
Ruby sand 0.45 2118 920 94 0.5
Beach gravel -1.2 155 8 70 35

REARSHORE HOLOCENE
AND PLEISTOCENE
RELICT SEDIMENTS

Holocene sand 1.2 8 18 68 20
Relict gravel

over glacial

drift -1.5 556 12 64 30

Relict gravel
on Nome River
outwash fan -2.2 4 18 68 25

Relict gravelly
sand of sub-
merged beaches 1.5 16 12 60 40

1. Gold values are of total samples.
Data was obtained from U.S. Geoclogical Survey.

2. MNumber frequencies of garnet are expressed in terms of
percents excluding counts of micaceous minerals.

3. Number fre%uencies of micaceous minerals are expressed
in terms of percents including counts of all nonopaque
minerals in heavy concentrates.
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Relationship Between Gold Value and Weight
Percentage of Heavy Minerals (Fig. 1'4?

The bar diagrams of heavy mineral weight percentages f"“ ,"{
[
and gold values indicate the coincidence of a high weight %
-1800 .:'
percentage of heavy minerals and a high gold value only for oo ’:' Mineral Weight
the "ruby sand" of modern beaches where sand is almost en- r %1 , Percentage
Gold Valus in PPD
tirely made up of garnet and opaque minerals. For other sed- 1400 .
iment types, high gold values are not related toc high weight Fﬂw t
percentages of heavy minerals. 1In relict gravel over glacial 1000
drift, which carries a high gold value (556 ppb), the weight o0 2
percentage of heavy minerals is not higher than that of 7 :.'.f:
s00 [
other sediments. Also gravel samples of the modern beaches, '-"
which carry fairly high gold values (155 ppb), do not show -400 5
high weight percentages of heavy minerals (8%). 1In near- ) F”" ';_
shore Holocene sand and relict gravel on the Nome River out- s Lo £ = = —
wash, which carry a low gold value (4-8 ppb), the weight 5 Ruby Send of Modorn Baech  Medorn Bosch Grave) Nesrshers Holoser Sand
percentage of heavy minerals is relatively high (18%). v
-
Relationship Between Gold Value and E & Le00
Garnet Percentage (Fig. 15) - = |
4 -
Garnet 1s the most abundant heavy mineral in the ‘;‘v i 400
Nome sediments. Only in the "ruby sand" of modern beaches 3 laoo
is the garnet percentage related to the high gold value. [:’ =1 =] e = .
For other sediments, the gold value is not related to the l!olk; mOm;r Ralict Grovel on o‘:'“'-‘ Gm‘m
garnet percentage. In nearshore Holocene sand and in relict FIGURE 14. RELATIONSHIP BETWEEN GOLD YALUE AND HEAVY

. MINERAL WEIGHT PERCENTAGE
gravel over the Nome River outwash plain, which carry low

gold values, garnet percentage is high (68-70%). On the

other hand, in the relict gravel over glacial drift, which

s e




200

- 400 ..
400
200

T

Garnet Parceont o
1 4
o
|

Relict Grevs! over
Glociol Dritt

Garnet percent of hesvy minsrels fracticn
E 44 H icsssaus

In numbar fraquancy encluding m
mingrals

Seld velva in PPD of tetel semple

=8 B .

Medern Besch Nesrshere Helecame
Greavsel Sand

Ralict Gravel en
Nomas Rivar Outwosh

Ralict Grevelly Sand
sf Submarged Beocies

FIGURE [5. RELATIONSHIP BETWEEN GOLD VALUE AND
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carries a high gold value, the garnet pércentage is slightly
lower than that of Holocene sand and relict gravel over the

Nome River outwash plain-(64%);

Relationship Between Gold Value and
Micaceous Minerals Percentage ]Fig. i6)

Micaceous minerals are considered to represent low

energy environments such as weak wave action, and lack of
winnowing. They are usually associated with fine sediment
such as silt and mud (Doyle and others, 1968, pp. 381-389).
Because of the contrast between hydraulic properties of
gold and micaceous minerals (S.G. of micaceous minerals:
2.7-3.3, §.G. of gold: 15-19), an antipathetic relationship
is expected between these two. This antipathetic relation-
ship is confirmed for "ruby sand" of the modern beach only,
where a high gold value is associated with very low mica-
ceous minerals percentage (0.5%Z). 1In nearshore relict
gravel over glacial drift that carries a high gold value
(558 ppb), the percentage of micaceous minerals is not low
(30%). Similarly, in nearshore Holocene sand and in relict
gravel on the Nome River outwash, the percentage of mica-
ceous minerals is comparatively low (20-25%), although they
carry low gold values (4-8 ppb).

A correlation between a high gold value, a high heavy
mineral weight percentage, a high garnet percentage, and a
low micaceous minerals percentage exist only for "ruby sand”

of the Nome beach. This correlation between gold values
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and heavy minerals in "ruby sand" may be due to its
exceptionally winnowed nature and the lack of later con-
tamination. The lack of correlation between gold values and
heavy minerals for the other sediments is attributed to the

following factors:

a. The occurrence and mode of transportation of gold

and other heavy minerals: The lack of correlation between

gold and other heavy minerals is understood when the source
region of gold and its hydraulic properties are taken into
consideration. According to Nelson and Hopkins (1969,

p. 43), coarse gold particles (1 mm or larger) are concen-
trated in relict gravel that mantles glacial drift. Be-
cause of the high specific gravity, coarse gold particles
are not usually moved from their source region by normal
marine processes such as longshore currents and bottom
currents. On the other hand, heavy minerals of medium to
fine-size (1/2 - 1/16 mm) can be transported along with light
mineral particles by longshore and bottom currents. This is
also supported by a high concentration of heavy minerals
(18% by weight) in Holocene sand winnowed by strong bottom
currents (Fig. 12b)

b. Heterogeneous nature of relict sediments: Medium

to finer fractions of the relict sediments probably have been
partially derived from later deposition of Holocene sediment,
and contamination of some samples of relict gravel from

underlying glacial drift is suspected because relict gravel

_/
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forms a very thin mantle (1' average thickness) on glacial

3
drift. < g=
: iz
MINERAL COMPOSITION VARIATIONS © =3 {-:7
M 1
. 33
The bar diagrams (Fig. 17) of heavy mineral com- gl s 8,
2 5 ¥3
position indicate more or less similar mineral composition i 8 é §§’ *
s 23
for the various sediments of Nome. Major heavy minerals s g.—f‘ 3 i3 2
- [] H s 2 - B
such as garnet, epidote, chloritoid, sphene, staurolite, and :i L3 g £ 25 2
o& €x3 x & &35 o
micaceous minerals (chlorite, muscovite, and biotite) occur o
!
in all of the sediments in varying proportions. There are R ””:: B m E l ﬂ
no typical minerals or mineral assemblages, or physical i_ i
, —
characteristics of minerals, which are diagnostic of par- ;i §§
43 3
ticular sediments. The average mineral composition of heavy pat s
[ -y )
a% &5

SER

mineral assemblages from various sediments are reported in

Table 3.

|

(W Nearshors Helocone and Pleistacens Relict Sediments

E

{€) Pleistocens and Pliocene Orill-Hole Somples

(Modern Beach and River Sediments) (Fig. 17a) -

The"ruby sand"of the Nome beach is made up almost

Send of Swash Zene

Holegene Silt
Silty Sediments

Pliocens Marine

entirely of minerals of high specific gravities such as

Lt
= J”,,, T o T oo e s e .--—.J
Mineral Composition of Onshore Holocene Sediments o
: g

garnet, zircon, and ferromagnetic minerals.

=
=
H

In geﬁeral, the modern beach sediments are character-  |::ii:i:it

ized by higher frequencies of garnet (65-75%) and staurolite

"

(5-6%) than are the nearshore sediments. Tt seems that

of Modern Beach

Ruby Sand

garnet and staurolite, being minerals of comparatively high

P laistocens Glocial

specific gravity (5.G. 3.8-4.3), they are concentrated in

the onshore beach and river sediments by winnowing processes.

o1
N

(hornblendd , Pleucophans, tramol ite, actinelite, stc.)

W stoureils

X1 others

FIGURE |7. HEAVY MINERAL COMPOSITION OF VARIOUS SEDIMENTS
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Table 3
Average Mineral Compositions for
Various Sediments
) a
ol + m
o 8 = B
Sediment types Mean I 2 T g § 5 o B
e
i § 2 4 2 0§ £ 82
s & 8§ & 8 & g3
ONSHORE HOLOCENE
SEDIMENTS
Modern beach
sediments
Ruby sand 0.45 90 1 1 1 4 0.5
Sand samples from
swash zone 0.54 65 10 11 3 4 45
A sand sample
from a bar at
Penny River 0.45 77 8 7 - 6 2 21
Gravel samples
from backshore
region -1.2 75 7 7 2 4 5 50
Gravel samples
from Nome River - 65 14 5 2 9 35
NEARSHORE HOLO-
CENE AND PLEIS-
TOCENE RELICT
SEDIMENTS
Holocene sand -1.2 68 14 7 3 3 5 20
Holocene silt
and mud 4.0 50 19 11 4 3 13 60
Relict gravel
on glacial
drift -1.5 64 15 7 3 3 8 25
Relict gravel
on Nome River
outwash -22 70 10 8 3 2 7 33
Relict gravelly
sand of sub-
merged beaches 1.5 60 20 7 4 2 7 33

34

Table 3 {continued

o o]
-l EE] (]
o -l Juw
a 8 4 ¢ 3 L 8
Sediment types Mean @ Q H g O L gy
mboof 2 04 2 8 2 3¢
L] é% [+] é? W (=] 8
PLEISTOCENE AND
PLIOCENE SEDI-
MENTS FROM NEAR-
SHORE DRILL-HOLES
*Pleistocene
glacial till
(I1linoian and
pre-Illinoian) - 50 19 10 3 4 14 65
*Pliocene marine
silty sand - 35 27 14 7 1 16 60

*Grain size data is not available.

Number frequencies of garnet, epidote, chloritoid,
sphene, staurolite, and others (tourmaline, hornblende,
glaucophane, tremolite-actinolite, sillimanite, kyanite, and
zircong are expressed in terms of percents, excluding
micaceous minerals and ferromagnetic minerals.

Number frequencies of micaceous minerals (chlorite,
muscovite, and biotite counted together) expressed as
percents of all nonopaque minerals in heavy concentrates.
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-
The frequencles of other minerals such as epidote, chlori-

toid, sphene, tourmaline, hornblende, ete., are rather low

in the modern beach and river sediments.

Mineral Composition of Nearshore Holocene and
Pleistocene Relict Sediments (Fig. 1/b)

High concentrations of garnet in nearshore sediments
are associated with high weight percentages of heavy min-
erals. The percentage of garnet is maximum (68-70%) for
Holocene sand and relict gravel on the Nome River outwash
fan, which also carry a high weight percentage of heavy
minerals. The percentage of garnet is slightly low (60-64%)
for relict pravel on glacial drift and relict gravelly sand
of submerged beaches. Garnet minima (35-55%) more or less
coincides with patches of Holocene silty sediment (mean phi
4.0), which also shows a low weight percentage of heavy
minerals (Fig. 18). The frequencies of epidote and chlori-
toid, which are the next most abundant minerals after garnet
Increase with the decrease in frequency of garnet, and their
maxima is in the Holocene silty sediment (Figure 19, 20).
Sphene is relatively more abdundant in nearshore sediments
than in onshore beach and river sediments. 1Its maxima isg
alsoc associated with Holocene silty sediment (Fig. 21).
Staurolite is more abundant in modern beach and river sedi-
ments than in nearshore sediments (Fig. 22); because of its
high specific gravity (Sp. Gr. 3.8), it is concentrated in

the onshore sediments.

3

5 MILES

4

-

k-
—

— — i —

—— -

—— — — —

Percent ure in Number Frnunnciu.

DIuss

=80 % (Generally in Regions ef

E, 35-55% (Holocens $ill and Mud)

E‘E g (4 )
a/ x
» J /I‘!
xy ll:"
/ | “l
R
II'II]
F |I|II1II
] ;lllllii
x} ”II'I"I'
.« = b
- i |||"I
% "1 I:||||[|:|
|
T x |hll::11
(1 0y
|
iy U
x 1,
LB 3
»
‘l“'
\1|I|{|{,
g
][ el - E
\'HE:FF 3
il 3
u &
i s »
ir 2
8
(7]
3

ETM region of longshors drift which wes nat cevered

th
o

FIGURE 18. GARNET PERCENTAGE MAP

by this investightion °




Percents are in Number Frequenties

[’Z’Z:l 20-30% (HMHolecena Siit sad Ned)

N e

[[m 10~ 20 % { Holecana Send end Relict Sedimants)

[XXJ 5-10% thelocans seed)

[E The region of longshers drift, which was aet covered
by this investigotion

FIGURE 19. EPIDOTE PERCENTAGE MAP

is

t 1 2 3 &4 SMILES

Percants are in Number Frequencies

IID:[[ 4 -10% (Molocene Send and Rellct
Sediments)

I

E’ZZ 10-18% (Holocens Silt and Mud)

'IE The region of longahore drift, which was no! coversd
by this Investigation

FIGURE 20. CHLORITOID PERCENTAGE MAp

8¢g



0 1 23 4 5 MILES
S S Y SN

N
X
'Y
\\ ‘ -y .‘.
AR &»
So N
NN x L
\\\\\\\\ SN Mome o
\\\ N \\ . -~ - W
~ N }
\\\ \\\\\ NN )
SN 6
NN N N \\ \\\ NN ] x
N \\\\\\\\\\\\\\ N ‘
Percants ore in Numbur N \\\\\ NN \\\\ gyl X Cope Noma
Fraquenciss \\\\\ \\\\\\\\\\ \\\\\\\\ i
[EED] 1=3 % (Modarn Besch ead \\\ NATNIUNN NN \\\\
Nearshore Sedimants) \\\\\\\‘\\\\\\\\\\\\\ N L
SNUNINUNNIUNNANNN N NN
MRANANARR \\\\:\\\\\\\Q\\\\\ N I
N N\
NRERL 9% ( Farther Off shers Sediments N N\ \\\\\\ \ \\\\\\ \\\\\\
N and Patches of Helecena Silt end Medy \\\\\\\\ \\\\\\\\
' NONNANCY
AN
E The region of longshere drift, which was net covered ’

by this investigation

FIGURE 2I. SPNENE PERCENTAGE MAP

| WU T N I

- 5-10% ( Genarally in Mederm Bauch

Cape Nome
Sediments)

I

[[DIDI I =5 % (Nearshore Sediments)

E The raglon of longshore dritt, which was no! covered
by this Investigation.

FIGURE 22, STAUROLITE PERCENTAGE MAP

O I 23 4 5 MuLES

(0:]

65



61

The mineral frequency variations in the offshore
direction (Fig. 23) show little change in the relative
abundance of the heavy minerals. In general, the relative
frequencies of epi&ote, chloritoid, sphene, and other min-
erals such as hornblende, glaucophane, tremolite-actinolite,
and tourmaline increase with the decrease in garnet fre-
quency of Holocene gilty sediment.

The percentage of micaceous minerals (percentage
computed from total counts of all nonopaque minerals in the
heavy residue) bears an antipathetic relatiomship with heavy
mineral weight percentages and garnet percentages. In the
Holocene sand and relict gravel on the Nome River outwash
fan, which have high weight percentages of heavy minerals
(18%) and high garnet percentages (68-70%) the percentage
of macaceous minerals is comparatively low (20-25%).
Micaceous minerals percentage maxima (40-70%) is in the
Holocene silty sediment (mean phi 4.0), which is also
characterized by a low garnet percentage (35-55%) and a
low weight percentage of heavy minerals (Fig. 24). Weak
currents, which deposit fine silt and clay, usually carry
micaceous minerals in great abundance, and garnet and other

minerals of high specific gravity in small amounts.

Mineral Composition of Pleistocene and
Pliocene Sediments (Fig. L/c)

The mineral composition of Pleistocene glacial till

from one drill-hole reflects the poorly sorted nature of the
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glacial depeosits. It is characterized by a great abundance
of micaceous minerals {65% of the nonopaque winerals in
heavy concentrate) and a low content of garnet (50% of the
nonopaque minerals excluding micas), The mineral composition
of the Pliocene marine silty sediment from three nearshore
drill-holes corresponds to the nearshore Holocene silty
gediment. Similar to the Holocene silty sediment, it shows

a high concentration of micaceous minerals (60%) and a low

content of garnet (35%).

Discussion

Four principal factors that can modify the mineral
composition and limit the interpretation of heavy mineral
assemblages in terms of source region are: (1) weathering,
both in the source area and in the depositional basin, (2)
mechanical destruction during transportation, (3) selective
gsorting of minerals according to size and density, and (4)
chemical destruction after deposition (Van Andel, 1959,

p. 154).

According to Van Andel (1959, p. 155) the weathering
is most active in regions of tropical climate, low relief,
and in basins with a slow rate of deposition. In tropical
reglons the weathered crust is thick and, therefore, can
supply an appreciable quantity of sedimentary detritus. The
process of weathering seems to be of little importance in
this region of arctic climate. No appreciable mechanical

wear is reported in river sediments even after 600-1000
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miles of transportation. Even for beach sand, where the
movement of particles by wave action is considerable, no
conclusive proof for the elimination or even reduction of
sand-size particles has been presented (Van Andel, 1959,
P. 155). The effect of chemical destruction after depo-
sition (intrastratal solution) is probably of minor
importance for the sediments under discussion, ag they are
mostly from sea bottom or from shallow depths. Significant
alteration of heavy mineral assemblages and removal of un-
stable minerals by intrastratal solution generally occur
under severe conditions (deep burial of sediments) and if
enough time is available (Van Andel, 1959, p. 160). How-
ever, the effect of sorting is often important and can sig~
nificantly change the mineral composition when the assem-
blages contain species of widely divergent size and density
(Van Andel, 1959, P- 156). Sorting of mineral grains ‘is
related to the principle of hydraulic equivalance (Griffiths,
1967, p. 217). According to this principle, groups of
detrital minerals in mechanical equilibrium in sediments
are hydraulically equivalent. The factors which influence
hydraulic equivalent are effective density, size, and shape.
Minerals of the same density and habit react similarly under
the same hydraulie conditions.

Nonopaque heavy minerals of the Nome regilon can be
classified into three specific gravity groups: (1) garnet,
5.6, 4.1-4.,3; (2) epidote, chloritoid,_sphene, and other

66

minerals such as horntlende, glaucophane, tremolite-
actinolice, tourmaline, éillimanite, apatite, S.G. 3.3-3.8;
and  (3) micaceous minerals such as‘chlorite, muscovite, and
biotite, 5.6. 2.77-3.3. A triangular diagram (Fig. 25) of
these three groups of minerals clearly demonstrates the
effect of sorting of heavy mineral grains on the basis of
size and specific gravity. The plot of the highly winnowed,
well sorted (sorting coefficient: 1.2)"ruby sand'of Nome
beach lies at the extreme garnet end. Holocene sand (mean
phi 1.2), which has been worked by strong bottom currents,
lies in the region of high garnet content and low micaceous
minerals content. Nearshore Holocene silty sediment (mean
phi 4.0), Pliocene marine silty sediment, and poorly sorted
till of Pleistocene age lie in the region of the micaceous
minerals. Micaceous minerals are assoclated with fine sized
silty and muddy sediments because the micaceous grains are
hydraulically equivalent to silt and mud {Doyle and others,
1968, pp. 381-389). The garnet content is low in the silty
and muddy sediments because garnet has a high specific
gravity (S.G. 4.1-4.3) and is therefore concentrated in
medium and fine sand. Pleistocene relict sediments are some-
what scattered between the garnet and micaceous mineralg
areas of the diagram, probably because of their heterogenous
nature. The mineral composition of the heavy mineral assem-
blages from various sediments is more or less similar.

Minor variations in the relative abundance of heavy minerals
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mainly reflect the effect of the sorting of mineral grains

according to gize and specific gravity.

68



Chapter 5
PROVENANCE

The specific source rocks for the heavy minerals of
the Nome sedimenis are difficult to establish in the absence
of detailed data regarding accessory minerals of the rocks
from the inland region. However, an effort has been made to
identify source rocks on the basis of petrographic de-
seription of rock types from published and unpublished re-
ports of the U.5. Geological Survey (Collier and others,
1908; Moffit, 1913, Hummel, unpoblish.reps) .

Much of the Nome area is underlain by calcareous
mugcovite-chlorite schist, graphitic mica-schist, and
marble. Chlorite and muscovite are the major constituents
of these schists. Also, epidote and amphiboles are reported
to be major constituents in gsome of the schists (Moffit,
1913, p. 27). Hornblende, actinolite, and soda-amphibole
(Crossite?) were found by Hummel (unpub.rept) in amphibole
schists of this region. Chloritoid, apatite, sphene, tour-
maline, and zircon are common accessory minerals of these
gchists. In addition, green and brown biotite and garnet
are present in the chlorite-mica schists. In the marbles,
garnet:, tremolite, and minerals of the epidote group are
important minor constituents and apatite, sphene, and

tourmaline are commonly present (Hummel, unpub. rept.).
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According to Hummel (unpuhrepr), the biotite-garnet
schists of the Kigluik Mountains (Fig. 3) are of medium to
high grade as they are characterized by the presence of
gillimanite and staurolite and the general absence of min-
erals of the epidote group. Hornblende and diopside are
locally present as minor comstituents of some of the schists
and apatite, pgraphite, pyrite, pyrrhotite, and tourmaline
are accessory constituents (Hummel, urpub. regf),

Granite, granodiorite, and greenstone are important
intrusive rocks of the Nome region. They mainly occur as
small dikes and gills, although a granitic body of con-
siderable size crops out near Cape Wome. Biotite is a minor
constituent of this granite and apatite, magnetite tourma-
line, sphene, and zircon are present as accessories (Moffit,
1913, p. 33; Hummel, unpub.rept.). Granodiorite is charac-
terized by the presence of biotite and epidote as important
minor constituents. Accessory minerals include gearnet,
sparse amphibole, tourmaline, magnetite, ilmenite, leucoxene,

and zircon (Hummel, unpubrepr). Moffit (1913, p. 32) reported

" glaucophane in greenstone schists of this region.

Minerals such as chlorite, epidote, chloriteid,
hornblende, and tremolite-actinolite, which constitute the
bulk of the heavy mineral suite of this region, probably
have been derived from schists and marbles of the Nome
region, as these are the most abundant rocks of the area.

Calcareous mica-chlorite schist and marble seem to be the
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major source rocks for sphene. Garnet, which is the pre-
dominant mineral in heavy mineral suite, probably has been
derived mainly from mica-chlorite schists and biotite garnet
schists. Staurolite and sillimanite are definitely derived

from high grade schists of the Kigluik Mountains. Xyanite

has not been identified in the metamorphic rocks (Hummel, unpub.

repr. ), although it has been identified in the heavy mineral
assemblages of Nome sediments.

Apatite, sphene, tourmaline, and zircon are found as
accessories in both metamorphic and igneous rocks of this
region. Tourmaline that occurs as small euhedra and con-
tains abundant opaque (carbonaceous) inclusions, probably
has been derived from mica-chlorite schists (Pettijohn,
1949, p. 18). Multiple sources such as mica-chlorite schist,
granite, and granodiorite are suggested for zircon, which
occurs in three varieties (colorless, slightly yellowish,
and a purple color variety known as hyacinth) and ranges in
shape from perfect prismatic euhedral crystals to ellip-

soidal shaped rounded grains.

Chapter 6
SUMMARY AND CONCLUSIONS

1. Heavy mineral assemblages found in the various
sediments of the Nome region are dominated by garnet,
epidote, chloritoid, sphene, and staurclite. Hornblende,
glaucophane, tremolite-actinoclite, and tourmaline are more
or less persistent, but subordinate minerals. Heavy min-
erals are more abundant in the 3-4 phi size fraction than in
any other fraction. Garnet is somewhat more abundant in the
1-2 phi size fraction, whereas epidote, chloritoid, and
other minerals, such as sphene, staurolite, hornblende, and
glaucophane, are more concentrated in the 2-4 phi size
fraction.

2. TIn the modern beach sediments, a high concen-
tration of heavy minerals (15-30%) is associated with well-
sorted sand {sorting coefficient: 2.8) of the gwash zone and
sand from a bar at Penny River. The sand of the swash zone
and river bar are mainly worked by waves and littoral cur-
rents, and as a result, are better sorted than sediments
from other parts of the beach (Greene, {970 ). The heavy
mineral percentage is relatively low (8%} for the poorly
sorted gravel (sorting coefficient: 3.8) of the backshore
region, which is worked by waves and ice.

In general, the high concentration of heavy minerals
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is expected in relict sediments because they have been
winnowed by several transgressions and regressions of the
sea during Pleistocene time. In the nearshore relict sedi-
ments of Nome,.such as the relict gravel that mantles
glacial drift and relict gravelly sand of submerged beaches,
however, the weight percentage of heavy minerals is lower
{12%) than Holocene sand (18%). The high weight percentage
of heavy minerals in Holocene sand (mean phi 1.2) suggests
the winnowing of sand by strong bottom currents. The low
weight percentage of heavy minerals for relict gravel on
glacial drift and relict gravelly sand of submerged beaches
is probably due to the heterpgenous nmature of the relict
sediments. ‘The medium and fine-sized sand fractions of
relict sediments are thought to have been introduced during
Holocene time. Pleistocene glacial till and Pliocene marine
gilty sediment from several nearshore drill-holes show a low
weight percentage of heavy minerals (8%). |

3. In nearshore sediments, the maximum concen-
;ration of coarse gold particles {1 mm or larger) occurs in
relict gravel that mantles glacial drift, rather than in any
oﬁher sediment type such as relict gravel on the Nome Riwver
outwash fan, relict gravelly sand of submerged beaches or
Holocene sediment (Nelson and Hopkins, 1969). Relict gravel
on glacial drift, which carries a high gold value, does not
show a high concentration of heavy minerals. Also, a very

low concentration of micaceous minerals is expected for
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relict gravel on glacial drift. ' The micaceous minerals
percentage therein is more (30%) than that in Holocene sand
{20%) that carries a low gold value. The lack of correlation
between gold values and heavy minerals (weight percentage of
heavy minerals, garnet percentage, and micaceous minerals
percentage) is attributed to two factors: (1) the differ-
ence between hydraulic properties of gold and other heavy
minerals, and {2) the heterogenous nature of relict sedi-
ments. Coarse gold particles, once concentrated in relict
gravel that mantlee glacial drift, are not moved by long-
shore currents and strong bottom currentsg because of their
extremely high specific gravity (Nelson and Hopkins, 1969,
p. 43), and medium to fine-size fractions of the relict
gsediments could have been introduced during theVHolocene age.
4. The results of this investigation are dis-
appointing because there are no minerals or mineral assem-
blages or the physical characteristics of minerals which
are diagnostic of a particular sediment type. Minor mineral
compositional variations observed in the heavy mineral
asgsemblages from the various sediments of this area mainly
reflect the effect of sorting of mineral grains according to
gize and specific gravity. Garnet and staurolite are some-
what more concenirated in modern beach and river sediments
because of their high specific gravity (S.G. 3.8-4.3).

In nearshore sediments,; the high garnet concentration

is more or less associated with the high welght percentage of
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heavy minerals. Garnet i1s slightly abundant in Holocene
sand (wean phi 1.2) and in Pleistocene relict grawvel on the
Nome River ocutwash fan (mean phi 2.2), which carries a high
weight percentage of heavy minerals. The garnet content is
winimumm for Holocene silty sediment (mean phi 4.0), which
has a low content of heavy minerals. 1In general, the
relative abundance of other minerals, such as epidote,
chloritoid, and sphene, increases with a decrease in garnet
in the Holocene silty sediment (Fig. 23). Micaceous min-
erals are most abundant (40-70%) in silty and muddy sedi-
ments because light micaceous minerals are hydraulically
equivalent to fine-size sediment (Doyle and others, 1968,
pp. 381-389).

The mineral composition of Pliocene marine silty
gediment from nearshore driil-hcles is similar to that of
the nearshore Holocene silty sediment, and has a high con-
tent of micaceous minerals and a low garnet content. Also,
Pleistocene glacial till samples from one nearshore drill-
hole were found to contain a high concentration of micaceous
minerals which reflects the poorly sorted nature of the
glacial drifc.

5. The Nome sediments of Holocene, Pleistocene, and
Pliocene ages are derived mostly from the metamorphic rocks
of Nome and adjacent regions. The majority of the minerals
such as garnet, chlorite, epidote, chloritoild, sphene,

staurolite, hornblende, and tremolite-actinolite are reported
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to occur in the metamorphic rocks of inland regions (Hummel,
in press). Glaucophane has been reported to occur in the
greenstone sills of this region (Moffit, 1913, p. 32).
Zircon igs found in granite, granodiorite, and mica-chlorite
schist as an accessory mineral. Kyanite is the only mineral
identified in the heavy mineral suite that has not been
identified in the metamorphic rocks of Nome and adjacent

reglons (Hummel, uvipub.rept),
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Appendix A Appendix B
Welght Percentages of Heavy Minerals Weight Percentages of Heavy Minerals and Ferro-
(in 1-4 phi size fractioms) , magnetic Minerals in Three Size Fractions
Weight Sample Weight Sample Weight Sample  Grain size Weight Percent *Weight Percent
Percent No. Percent No. Percent No. in phi of Heavy Minerals of Ferromagnetic

Minerals

A3 HE % A

. 14 . 5 13. -

7.0 104 14.8 250 10.2 21 %,% 2-% 3
10.0 105 17.4 251 9.0 3-4 9.1 28
15.0 i07 %g.g D-6-1 13.0 .

23.8 08 . D-17-1 8.3 -

25.0 110 8.2 D-17-2 5.5 45 %_% 1§~3 3

9.4 113 15.0 D-19-11b 8.8 3-4 60 3
%g.ﬁ %ia Z.; D-ZA-?b 13.2

. 5 14. D-47-3 7. -
4.4 117 18.0 D-47-6 7.8 65 3 1 1

6.0 118 17.0 D-47-8 7.8 34 60 40
25.0 119 8.2 D-4§-12 7.9

9, 1 7. G-12-51 5.8 -

9.2 1204 8.0 G-14-2b 30.5 84 §_§ Z‘% 12‘5
11.8 1214 18.0 G-17-3 11.8 3.4 10' 20
13.2 %gz 4.3 G-21-i 6.0

. 3 13. G-29- 5.3 -
19.6 124 8.7 G-34-81  90.0 86B 32 e.1 Z s

8.0 128 6.0 G-35-1b 82.0 3-4 24.4 'y
10.8 332 10.0 Sti%lz 3g.g :

17. 3 N G-47-2a - -

9.3 237 8.1 Ahp-20b 18.3 107 %-% 13:? 2
17.4 241 5.7 Ahp-68 16.4 3l 28.8 18
18.5 243 12.3

113 1-2 18 4
2-3 13.2 8

3-4 22.2 12

117 1-2 14.1 4
2-3 12.3 6

3-4 37.2 12

121K 1-2 15 2
2-3 13.5 4

3-4 56 6

G-34-81 1-2 97.6 10
2-3 99.3 29

3-4 56 60

*Weight percent of the heavy mineral fractions
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Franz Separation Data
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Fraction 1.

Fractlon

Fraction 3.

Fraction 4.

Fraction 5.

Fraction b.

1

2.

Slope: 15°
Tilg: 10°

Current at 0.2 amp
€a) ilmenite

Current at 0.35 amp

b) chlorite
c) chloritoid

§a s essartite-almandine (R.1 1.79-1.81)

(d) the variety of chloritoid which shows

marked crossed dispersion

Current at 0.45 amp
(a) epidote
(b) staurolite
green and brown hornblende
Ed garnet
e) chlorite
(f) chloritoid

Gurrent at 0.75 amp
a) epidote
b) staurolite
c; tourmaline
d) actinolite- tremolite
e) garnet
f) chlorite
g) chloritoid
¢(h) green and brown hornblende

Current at 1.2 amp
tremolite-actinolite
sphene
clinopryoxene
epidote

{e) staurclite

=" - )

Fraction rejected at 1.2 amp
a) sphene
b) muscovite
c) apatite
{(d) sillimanite
{e) zircon
(£} kyanite




