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A heavy mineral study was carried out for sand-she 

fractions of onshore Holocene sediments (modern beach and 

r iver  sediments), nearshore Holocene and Pleistocene r e l i c t  

sediments, and Pleistocene and Pliocene sediments from 

several near shore drill-holes . Heavy mineral assemblages of 

these sediments are  dominated by garnet, chlor i te ,  epidote, 

chloritoid,  sphene, and s taurol i te .  

The nearshore region of Nome i s  mainly underlain by 

various types of Pleistocene sediments such as  r e l i c t  gravel 

that  mantles glacial  d r i f t ,  relict:  gravel over lome River 3 

outwash fan, r e l i c t  gravelly sand of submerged beaches, and 

r e l i c t  gravel that  mantles bedrock. In places these relict:  

sediments are  covered by Roloeene sandy and muddy sediments. 

The high concentration of heavy minerals i s  expected for  

various r e l i c t  sediments, because the l a t t e r  were winnowed 

by several transgress tons and regressions of the sea during 

Pleistocene time. Concentratton of heavy minerals, however, 

i s  greater for Holocene sand than r e l i c t  gravel, which 

mantles glacial  drift: and r e l i c t  gravelly sand of submerged 

beaches. The high concentration of heavy minerals i n  Holo- 

cene sand suggests the winnowing of sand by strong bottom 

currents. The low concentration of heavy minerals in  the 

r e l i c t  gravel on glacial  d r i f t  and r e l i c t  gravelly sand of 

submerged beaches i s  probably due to the heterogenous nature 
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of r e l i c t  sediments. Sand fractions of the r e l i c t  sediments 

probably have been introduced during the Holocene time. 

Also, contamination of samples of r e l i c t  gravel from under- 

lying g lac ia l  d r i f t  is suspected. 

A greater concentration of coarse gold part ic les  

( I  mm. or larger) i s  found i n  nearshore r e l i c t  gravel that  

mantles g lac ia l  d r i f t  than i n  any other sediment type. Re- 

l i c t  gravel on glacial  d r i f t ,  which carr ies  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 part ic les  and other heavy minerals, 

and (2) the heterogeneous nature of r e l i c t  sediments. Be- 

cause of the i r  extremely high specif ic  gravity,  coarse gold 

par t ic les  a re  not moved by longshore currents or bottom 

currents from r e l i c t  gravel which mantles glacial  d r i f t ,  

whereas the heavy minerals which are  mostly medium to  f ine  

sand in  size,  a re  transported 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 a r e  more or  less  slmllar 

for  the var Lous sediments. Minor compositional variations 

mainly r e f l ec t  the effect  of sorting of mineral grains 

garnet and s taurol i te  are s l ight ly higher than average for 

modern beach and r iver  sediments. In  nearshore sediments, 

garnet is  most abundant i n  Holocene sand winnowed by strong 

bottom currents. Holocene s i l t y  sediment which occurs i n  

small patches i s  characterfzed by high concentration of 

micaceous minerals and low concentration of garnet, because 

the weak currents which deposit fine sediments usually carry 

l igh t  micaceous minerals Ln great abundance and minerals of 

high specific gravity l ike  garnet in  small amounts. Samples 

of Pleistocene glacial  till and Pliocene marine s i l t  from 

several nearshore dril l-hole locations show high concen- 

trations of micaceous mlnerals 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 garnet, 

chlorite,  epidote, chloritoid,  sphene, s taurol i te ,  horn- 

blende, and tremolite-actinolite, are reported to  occur i n  

the metamorphic rocks of Nome and the adjacent region. 

according t o  s i ze  and specific gravity. The frequencies of 
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Chapter I 

INTBODUCTIOM 

PURPOSE 

The Nome region of Alaska became well known af te r  

the discovery of placer gold deposfts i n  the l a t t e r  par t  of 

the nineteenth century. Recently, during the summers of 

1967 and 1968, as  par t  of the U.S . Geological Survey's 

Heavy Metal Program, 141 bottom samples were collected h 

the nearshore region of Nome and 51 bore holes were dr i l led  

in  t h i s  region. This program also included detailed sam- 

p l i n g  of Nome beaches and the collection of samples of river 

beds of t h i s  region. The investigation near Nome is a part  

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

out i n  the Chirikov Basin ( that  par t  of the Bering Sea 

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

rence Island, and the coast of the Chukotka Peninsula, 

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

general geology of the region. 

The purpose of t h i s  investigation was two-fold: 

(1) to study nonopaque heavy minerals (Sp. gr . 2.85) i n  

sand-size fractions and to interpret  mineralogical vari-  

ations in  terms of source areas, depositional environment, 

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



r e l a t e  the  d i s t r ibu t ion  of gold t o  heavy minerals. 

The area  of investigation is located i n  the  north- 

eastern p a r t  of the  ChTrikov Basin, off the  coast: of Mome, 

Seward Peninsula, Alaska (Fig. 1). The samples selected 

f o r  the  heavy mheral  analysis came from a 216 square m%le 

area, which l i e s  between Cripple River and Cape Nome and 

extends about eight miles i n  offshore d i rec t ion  (FLg. 2). 

Placer gold deposfts of the  Seward Peninsula were 

f i r s t  reported i n  1865 by members of a par ty  s e n t  by the 

Western Union Telegraph Company during the construction of 

telegraph l i n e s  t o  connect the  United S t a t e s  with eastern 

Asia. The Nome gold rush took place between 1898 and 1900. 

W i n g  the  height of the excitement, it i s  estimated that 

about 2000 men were engaged i n  gold mining along the beach 

near Nome. Although only the most primitive means were 

employed, over a mil l ion dol lars  worth of gold was obtained 

i n  a period of about two months, and the  r t c h e s t  deposits of 

the  present beach.were prac t i ca l ly  exhausted. Between 1904- 

1906, mining operations f o r  placer gold deposits  extended t o  

onshore buried beaches and over a l l  parts of the  Nome region 

(Coll ier  and others ,  1908, pp. 19-39). 

The I n t e r e s t  i n  placer gold deposits  of the  Nome 
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w - region led t o  systematic geological investigations of the  1 - 

area by the  U.S. Geological Survey (Brooks and others,  1901; 

Col l i e r  and others ,  1908; Moffit, 1913). The repor t  by 

Brooks and others (1901) included the  f i r s t  description of 

Nome beach sediments and buried beach sediments of the  near- 

by coas ta l  p la in .  Recently an important contribution about 

the  d i s t r ibu t ion  of nearshore bottom eediments of Nome came 

from Nelson and Hopklns (1969) of the  U.S. Geological Survey. 

Their r epor t  primarily deals with the  d i s t r ibu t ion  of gold 

i n  the  northern Bering Sea. Also, the  investigation by 

Greene (19701 has 

helped i n  understanding sedimentary processes of the Nome 

beaches. 

The heavy minerals in sediments of the  nor t h e m  

Bering Sea were studled by H. Venkatarathnam (1969) of the  

University of Washington, Sea t t l e .  I n  h i s  paper, he de- 

scribed the  heavy minerals In  the sediments fa r the r  offshore 

from the  area  presently under investigation.  However, no 

deta i led  study of heavy minerals has been done in the near- 

shore o r  onshore sediments of Home p r i o r  to  th i s  thesLs. 

GEOLOGICAL SETTING 

General Geology 

Most of the southern Seward Peninsula is underlain 

by metamorphosed sedimentary rocks (Fig. 3). I n  the  Kigluik 

Mountains, which a r e  s i tuated about 30 miles north of Nome, 



4. 
rock types such as b io t i t e  gneiss, b io t i t e  schis t ,  and 

coarsely crystal l ine marble crop 0u.t (Moffit, 1913, p. 33). 

These rocks are  known as  Kigluik group. The rocks of the 

Kigluik group are  intruded by dikes and s i l l s  of grantte,  

d ior i te ,  and diabase. Overlying the Kigluik group i s  a 

se r ies  of rocks that  consist chief ly of chlor i t ic  and feld- 

spathic schis t  and al tered limestones. These rocks a re  

known as  Nome group and a re  exposed in  the Anvil Mountains, 

a f e w  miles north of Nome. Similar ch lor i t ic  schis ts  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 i s  present at 

Cape Nme (Mof f i t ,  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 Mome 

group a re  of early Paleozoic age. Intrusive rocks of both 

groups a r e  probably of l a t e  Paleozoic (Perno-Carboniferous) 

and Mesozoic age (Dutro and Payne, 1957). 

age. Four major marine untts representing different sea 

level  stands during l a t e  Pliocene and f leistocene 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  separated 

by g lac ia l  d r i f t  of the Iron Creek glaciation, and the Third 

beach and Second beach are  separated by the Nome River 

g lac ia l  d r i f t  (Il l inoian).  A geologic cross-section across 

the coastal plain area a t  Nome i s  shown i n  Figure 4. 

Beach Sediments 

The Nme beach sediments vary from coarse gravel to 

f ine  and medium sand. Fine sand predominates near water, 

but i n  the higher part  of the beaches, gravel i s  more abun- 

dant. The pebbles of the gravels do not exceed 1 or 2 inches 

i n  their  greatest  dimension. The gravels on the beach sur- 

face a re  mostly rounded quartz with a considerable amount of 

schis t  and a l i t t l e  granite. In  places the surface material 

i s  almost ent i rely composed of red garnet or "ruby sand" 

(Moffit, 1913, p. 110). 

According to Greene ( 19 ?a ) , the beech sediments 

Coastal Plain Stratigraphy are  poorly sorted with no direction of increasing o r  de- 

The bedrock beneath the Nme coastal plain i s  mantled creasing median diameter, sorting coefficient,  or sand-gravel 

by Pliocene and Pleistocene beach sediments in te rs t ra t i f ied  ra t io .  The sorting coefficient (Trask's sorting coefficient) 

with g lac ia l  deposits (Hopkins, i n  press). These marine and varies from 1.20 t o  5.10, and median diameter varies from 

glac ia l  sediments a re  covered by modern beach sediments, 0.52 mm t o  13 mn. Generally, the sand found i n  the swash 

alluvium, colluvim, wind blown s i l t  and peat of Holocene zones shows the best sorting. The foreshore and backshore 
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fee t .  The submerged beaches occur i n  more or less  regular 

bel ts  para l le l  to  the shore. The age of these submerged 

beaches is uncertain, but according to  Nelson and Hopkina 

(1969, p. 101, the outer beach may have formed during the 

r i s e  of the sea level  about 40,000 to  30,000 years ago, and 

the inner beach may have formed during the Holocene r i s e  i n  

sea level between 15,000 and 5000 years ago. 

The following Fs a sumnary of general geology and 

sediment types of the nearshore region of Mome from the re- 

port of Nelson and Hopkins (1969): 

(1) Pleistocene r e l i c t  sedimenta, which ere further 

c lassif ied i n  fvur categories : 

(a) RelFct gravel derived from underlying glacial  

d r i f t .  Glacial marks and other features a re  

often present i n  gravels of g lac ia l  origin. 

Pebbles are  angular and made up o f  a variety of 

rock types. 

(b) Relict  gravel resting on the Nome River outwash 

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 

(2) Well-sorted and medium-sized transgressive sand of 

Holocene age containing 10% or less s i l t  and mud 

found in  the present day zone of longshore current 

movement. 

(3) A mixed type of Holocene mud and r e l i c t  gravel which 

occurs near the boundaries of the r e l i c t  gravel 

areas and where small local depressions i n  the 

r e l i c t  gravel region are  covered by a thin mantle 

of Holocene mud. 

(4) Holocene s i l t y  and muddy sedimenta which occur 

further offshore. 

predominate. 

(d) Relict gravel derived from underlying bedrock, 

where bedrock i s  exposed a t  a very shallow depth. 
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percentages of heavy minerals a re  reported Fn Appendix 1. 

The ferromagnetic fractions were removed by a hand magnet 

from the heavy mineral residues of those samples which were 

sieved Into three sfze fractions. The welght percentages 

of ferromagnetic minerals i n  the heavy mineral residues a r e  

reported i n  Appendix 2. 

B e  Electromagnetic fractionation of the heavy m l n -  

era1 concentrates of two samples was performed with a Franz 

separator, as outlined by Hutton (1959, p .  12). A slope of 

15O, and tilt of la0 and a par t ic le  s ize  of 3-4 phi was used 

for  these samples. 

The identification of mtneral grains was performed 

by studying the i r  opt ical  properties under the petrographic 

microscope. The o l l - h e r s i o n  technique was used, es- 

pecially when there were d i f f icu l t  problems of identif  i- 

cation. The mineral grains were mounted on gelat in  coated 

s l ides  for  the purpose of refractive index determination. 

Immersion o i l s  were calibrated to 20.003. 

MOUNTING 

After studying the heavy mineral fractions of ten 

samples which had been separated into three s ize fractions, 

it  was found that  heavy minerals were concentrated in  the 

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

I 
fractions were sieved into two s ize  fractions, 1-2 phi and 1 

I 
2-4 phi. The 2-4 phi  s i ze  fractions were mounted on micro- 

i 

scope s l ides  using hyrax (R, I. 1.71); the 1-2 phl grain 

s l ze  fractions,  which contained simple mineral assemblages, 

such as garnet and micaceous minerals, were mounted with 1 

lakesgde (R. I. 1.536). The four samples studied for l igh t  

mineral constituents also were mounted i n  lakeside. 

COUNTING PROCEDURES 

Grain counting was carried out by u s h g  a mechanical 

stage mounted on a petrographic microscope. F i r s t ,  a l l  

heavy minerals, opaque as well as, nonopaque, were counted 

together. The to t a l  counts of each sample included 300-400 

.nonopaque and nonmJlcaceous mineral grains. The mineral f re-  

quencies were reduced as percents excluding opaque and 

micaceous minerals . Three micaceous minerals, chlorite,  

muscovite, and biol i te ,  were counted together, and their  

frequencies i n  the nonopaque minerals of heavy residues were 

also reduced as percents. 



Chapter 3 

HEAW MINERALS 

AMPHIBOLE GROUP 

Hornblende 

The frequency of hornblende varies from 1 to 10"/. of 

the heavy mtneral fractiona of the Nome sediments. #om- 

blende occurs as elongate cleavage fragments with moderately 

rounded edges. The green%& to  bluish green variety i s  very 

comrmon; the brown variety i s  comparatively less  common. The 

following opt ical  properties were determined : 

(1) A refract ive 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 Brown hornblende 

O( l igh t  green l igh t  yellow 

f i  olive green yellowish brown 

2' deep bluish green brownish yellow 

(3) Biaxial (-), with rather large 2V of 65O-75O 

(estimated), Z A C = 15O-25O 

Glaucophane 

Glaucophane I s  less  common than hornblende. I t s  

frequency varies from 0-4%. Glaucophane mainly occurs as 

cleavage fragments with moderately rounded edges. The 

following opt ieal  properties were found : 

(1) Refractive indices: d = 1.635 

8 = 1.640 

The refractive indices were measured on one grain 

of glaucophane . 
(2) Pleochroic scheme: = colorless 

= lavender 

7 = deep blue 

<3) Biaxial (-), 2V = 50°-60' (estimated), 

zAc= l6O, 

dispersion: Dx - r 4 v ,  moderate. 

Tremolite-actinolite 

These two minerals were counted together. Their 

combined frequency varies from 0 to 49.. RemolFte and 

ac t inol i te  occur as cleavage controlled fragments with 

moderately rounded edges. There a re  a l l  gradations from the 

colorless, nonpleochroic (tremolite) to  the pale green 

pleochroic variety (actinolite).  

APATITE 

Although apat i te  was found in  a number of samples, 

i t s  frequency rarely exceeded 3% in  any sample. It occurs 

as rounded, well-worn, egg-shaped grains. Stumpy, prismattc 

crystals,  rounded a t  the edges are also found. The grains 
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a re  mostly colorless but dusty i n  appearance. 

The frequency of chloritoid varies from 1 to 8%. 

It mainly occurs as  tabular grains para l le l  to 001. Such 

sections generally give a Bxa figure. Elongate cleavage 

fragments a r e  less  cormnon, and these crystals  show marked 

pleochrof sm . Many grains contain numerous inclusions of 

quartz and opaque materials. The following optical 

properties were determined: 

(1) Refractive tndices: cl = 1.710 

= 1.716 

The determination was made on one grain lying on 

the 001 cleavage plane. 

(2) PleochroFc scheme: = greenish gray 

= bluish gray 

r - colorless 

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

dispersion: D,-r > v, strong . 
Included with the chloritoid a re  r a r e  grains which are  ten- 

ta t ively considered to  be a variety of chloritoid. The 

opt ical  properties of this  mineral d i f fe r  from normal chlor- 

i to id  as follows: 

(1) Shape 

Normal Variety of 
Chloritoid Chloritoid 

Tabular grains lying Usually occurs as 
on 001 cleavage plane elongate crystals 

(2) Pleochroism: d = greenish gray yellow 

= bluish gray greenfsh yellow 

(3) Interference Bxa (+) , 2V = Bxa, 2V = 70'- 80' 
figure 60° - 70O marked by a strong 

dispersgon: crossed dispers Lon. 
Dz-r>v, strong Optical sign could 

not be determined 
because of a 
crossed dispersion. 

(4) Birefringence low-order low-order 

Like normal chloritoid,  the variety of chloritoid also 

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

EPIWTE GROUP 

0 

Epidote 

After garnet, epidote is the second most abundant 

mineral i n  the heavy mineral su i te  of this  region. I t s  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 a r e  

also found, but rectangular cleavage-controlled grains are 

more abundant. The grains are  characterized by predominant 

cleavage in  the direction of elongation, w i t h  somewhat dis- 

continuous fractures (?) a t  r igh t  angle to the cleavage. 

Epidote usually has a greenish yellow color and shows weak 

pleochroism, but colorless, nonpleochroic grains a re  also 

found. 

The rectangular shaped grains conrmonly give an optic- 

axis figure and less  commonly a centered Bxa (-) figure with 
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a large axial  angle (2V = 80°-85O estimated). Dispersion is  

somewhat strong, Dx-r>v. The direction of dispersion i s  

often anomalous showing D,-r4 v. The refractive index of 

1.738 was obtained for  directton on three grains. 

Clinozoisite 

Clinozoisite i s  a rare  mineral i n  the heavy mineral 

su i t e  of t h i s  region. It was detected in  11 samples and i t s  

frequency never exceeds 1% i n  any sample. Clinozoisite i s  

characterized by i t s  anomalous ultrablue interference color. 

It i s  biaxial  positive and has strong dispersion, Dz-r lv.  

GARNET 

Garnet i s  the most abundant heavy mineral i n  the 

Nome sediments. It has been recognized i n  almost every s i ze  

fract ion and i n  every sample. I t s  frequency varies from 15 

to 90%. Different var iet ies  of garnet were not dis t in-  

guished, but from refractive index determination on a nura- 

ber of grains (R.I. 1.78 - 1.81), and from Franz separation 

blata, spessartite-almandine seems to  be the most abundant 
4 

garnet i n  a l l  samples studied. 

Garnet ranges in  color from colorless to pale pink, 

pink, and salmon brown, but the pink variety i s  the most 

abundant. Garnet i s  found i n  three forms: (I) euhedral 

grains s l igh t ly  rounded a t  edges, (2) w e l l  rounded grains, 

and (3) irregular shaped grains with edges showing varying 

degrees of roundness from sharply angular corners to  well 

rounded ones. The euhedral grains a r e  rare ,  but irregular 

shaped grains a re  very common. Inclusions, mainly color- 

'less, needle-shaped or  prismatic, are  abundant (refractive 

indices of f.nclusions a r e  usually lower than that of the 

host mineral, but inclusions of higher refract ive indices 

than the host mineral were also noticed). Garnet grains 

a re  more or less  clear,  although grains stained with iron- 

oxide a re  present i n  a l l  samples. 

GOLD 

Although £ h e  gold (less than 0.25 nun) i s  widely 

dispersed in  sediments of the Home region (Nelson and Hop- 

ktnns, 1969, p. 41), it was detected only in the fine-size 

fraction of one sample offkuby sand'of the Nome beech. Gold 

from th is  sample occurs as thin irregular shaped flakes that 

show a characteristic golden-yellow color i n  reflected l ight .  

It separates a t  the anti-magnetic fraction of Pranz separator 

(Fraction: 6 rejected a t  1 .2  Amp.). 

Kyanite i s  a very rare  mineral i n  the heavy mineral 

assemblage of t h i s  region. It was identified in  eight sam- 

ples,  but i t s  frequency never exceeded 1%. Kyanite i s  

cbracter lzed by cleavage-controlled rectangular shaped 

crystals with moderately rounded edges. Many grains show an 

extinction angle of 30° between Z and the 001 plane. Such 
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sections also give a centered Bxa (-) figure WLEII a large 

ax ia l  angle. 

Chlorite 

Chlorite i s  the dominant micaceous mineral i n  the 

Nome sediments. It was found i n  almost every s ize fract ion 

and in  every sample. Chlorite occurs as f l a t ,  rounded 

cleavage flakes. It is characterized by a pale grass-green 

color with f a in t  pleochroism and abundant opaque Enclusions . 
Oxidized grains with yellowish brown color a re  very cormon. 

Muscovite 

After chlorite,  muscovite I s  the next most abundant 

micaceous mcneral. It i s  characterized by large basal plates  

that give a centered Bxa (-) figure with an optic axial  angle 

of 45O-50'. Inclusions of opaque minerals, quartz, and 

minute needle shaped crystals are  common. 

Biotite 

Biot i te  is  less  common than chlori te  and nruscovite. 

It occurs as  irregular cleavage fragments and i s  charac- 

terized by a red-brown color. Cleavage fragments give a 

centered Bxa I-) figure with a very small axial  angle. In- 

clus ions of prismatic-shaped minute crystals , probably of 

zircon, were noticed in  few grains. Grains of b io t i te  are 

often opaque because of a l terat ion to iron oxides. 

The fdentification of opaque minerals was dfff icul t  

because It requires an optical system adapted to reflected 

l igh t  techniques. Magnetite and ilmenite a r e  the dominant 

opaque minerals. A minor amount of hematite, which i s  

characterized by deep blood-red color i n  reflected l igh t  

was noticed. The maximum weight percentage of ferromagnetic , 
minerals was observed in  "ruby sand" of the Nome beach (25%). 

I 
The distribution of ferromagnetic minerals in  different ! 

size grades is described in  Chapter 4. I 

PYRO2CENE GROUP 

Clinopyroxene i s  of minor importance i n  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 = 38O-40~). Ortho- 

pyroxene was not identified in  any of the samples. 

Sill imanite was found in  a number of samples but 

i t s  frequency rarely exceeded 3% of the heavy minerals. It 

mainly occurs as minute fibers,  needles, and fel ted masses. 

Elongated prismatic grains are  comparatively rare .  Si11F- 

manite i s  marked by paral le l  extinction and positFve elon- 

gation. 



Sphene is a rather persistent mineral. I t s  fre- 

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

irregular shaped grains with edges showing varying degrees 

of roundness. Grains of sphene a re  generally colorless, 

but s l igh t ly  pleochroic gralns i n  shades of l i gh t  yellow 

to brown were also found. Sphene i s  characterized by i t s  

high order of birefringence and extreme dispersion. Many 

grains give a centered Bxa figure and the following opt ical  

properties were observed: biaxial (+), 2V = 30° (estimated); 

dispersion: D, - r > v  extreme. 

Like sphene, s tauro l i te  i s  also a persis tent  mineral. 

I t s  frequency varies from 0 to  7%. Staurol i te  conanonly 

occurs as irregular shaped grains with ragged edges, but 

euhedral grains are  rare.  Inclusions, mostly of quartz, a re  

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

ance to grains. The following optical properties were de- 

termined : 

(I) Refractive indices: o( = 1.730 

8 = 1.746 

7-a = 0.016 

The determination was made on one grain of 

s taurol i te .  

(2) Pleochroic scheme: ol = pale yellow 

B = pale yellow 

a/ = orange yellow 

(3) Biaxial (f), 2V = 80'-85' (estimated); 

dispersion: DZ - r > v ,  moderate. 

TOURMALINE 

The frequency of tourmaline ranges from 0 to 5%. 

It usually occurs as small prismatic crystals with s l igh t ly  

rounded edges. Inclusions of opaque materials are  very 

common. The observed dichroic scheme for tourmaline i s  as 

follows : 

E 0 

(1) Brownish and purple black 

(2) Color less brown 

(3) Colorless green 

very conanon 

very common 

less  cororaon 

ZIRCON 

The maximum frequency (20%) was observed in  f ine - 
s ize  fractions (3-4 phi) of the "ruby sand" of the Nome 

Beach. In  the remaining samples, zircon never constitutes 

more than 2%. Three variet ies  of zircon were found: color- 

less ,  s l igh t ly  yellowish, and a purple-colored variety known 

as hyacinth, but the colorless variety i s  by far the most 

common. A l l  three varieties show gradation from sl ight ly 

rounded crystals to well-rounded oval-shaped grains. Also, 
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i r regular ly broken prismatic cyrstals  were found. A l l  

var iet ies  show normal birefringence. 

The r a t io  of length and breadth for  perfect euhedral 

crystals  ranges from 1.75 to 3.0, with the majority of 

grains lying between 2.0 and 2.5. 

LIGHT CONSTITUENTS 

The l igh t  minerals i n  the sediments were not studied. 

However, for  three' nearshore grab samples of Holocene sedi- 

ment, the mineral composition i s  as follows: quartz, 90%; 

microcline, 3%; chert, 2%; rock fragments, 3%; and 

micaceous minerals, 2%. 

Chapter 4 

HEAVY MINERAL VARLATIONS 

HEAVY MINERAL DISTRIBUTION IN DIFFERENT 

GRAIN SIZE FRACTIOMS 

Ten samples were analyzed for heavy mineral vari-  

ation in  three sand-size fractllons, 1-2, 2-3, and 3-4 phi. 

The histograms of the heavy mineral weight percentage dFs- 

tribution in  three grain size fractions indicates a maximum 

concentration of heavy minerals i n  the 3-4 phi fraction 

(Fig. 8). Ferromagnetic minerals i n  heavy mineral residues 

a re  also concentrated in  this  fraction (Fig. 8). The vari-  

ations of mineral composition in  three s ize fractions were 

studied by plotting graphs of grain s ize  against the per- 

centage of each mineral species. The mineral compositLon 

variations, due to grain s ize preference of mineral species, 

were found to be of l i t t l e  importance, although garnet shows 

preference for the 1-2 phi range (Fig. 9), whereas epidote 

and chloritoid a re  more concentrated in  the 2-4 phi than in  

1-2 phi (Fig. 10, 11). In  general, the heavy mineral assem- 

blage of the 2-4 phi s ize fraction was found to contain the 

maximum variety of mineral species; consequently the com- 

positional variations were studied for  th i s  fraccion only. 
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HEAVY MINERAL WEIGHT PERCENTAGE VARIATIONS 

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

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

The max- concentration of heavy minerals (90%) i s  

found i n  "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 ent i rely made up of 

pink garnet: and opaque minerals (Moffit, 1913, p. 110). 

According to  Hutton (1960, p.  7) ,  such pay-streaks of heavy 

mfnerals a re  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 a t  

Penny River (30%). These sands are well- sorted with an 

average sorting coefficient (*ask's sorting coefficient) 2.4. 

Sands i n  the swash zone and r iver  bar a re  mainly handled by 

waves and l t t t o r a l  currents. As a resu l t  of th i s ,  they are  

better sorted than sediments on other par ts  of Nome beach 

(Greene, 1970 1. 
In the sand fractions of beach gravel from the back- 

shore region, the lowest weight percentage of heavy minerals 

(8%) was observed. According to Greene ( 1970  ), sedi- 

ments in  th i s  region are  handled by waves and moving ice,  

consequently, they a re  poorly sorted. The average sorting 

Table 1 

Average Heavy Mineral Weight Percentages 
for Varfous Sediment Types 

Sediment types Mean phl. Weight percent 
i n  1-4 phi s ize 

f ractions 

ONSRORE HOLOCENE SEDIMENTS 

Modern beach s edhents  
Rubv sand 
s a d  samples from swash zone 
A sand sample from a bar a t  

Penny River 
Gravel samples from back- 

shore region 

 ravel samples from 
Nome River 

NEARSHORE HOLOCENE AND PLEIS - 
TOCENE RELICT SF;DIMEX4TS 

Holocene sand 

Holocene s i l t  and mud 

RelLct gravel over glacial. 
d r i f t  

Relict  gravel on Nome River 
outwash fan 

Relict  gravelly sand of 
submerged beaches 

PL;EISTOCZNE AND PLIOCENE 
SEDIMENTS FROM NEARSHORE 
DRILL-HOLES 
* 
Pleistocene glacial  till 

(Ill inoian and pre- 
Il l inoian) 

* Pliocene marine s i l t y  sand 

%rain s ize  data i s  not: available 



coefficient for  these gravels i s  3.89. In beach sediments, 

kd d krJtromo 6rw.I d Growl 01 
S-L Zmo Em .) Was Bochrkn  Norm l l i v u  

Iiver ambn 

FIGURE 12. HEAVY MINERAL WEfGHT PERCENTAGE DlSTRlBUflON IN 
VARIOUS SEDIMENTS 

high concentratton of heavy minerals is associated with 

well-sorted sand of the swash zone and sand of the river 

bars. The heavy mineral content i s  low for the poorly 

sorted gravel of the backshore region. 

I n  two samples of the Nome River, the weight per- 

centage of heavy minerals i s  high (17%), apparently because ,, 

these r iver  sediments have been subjected to s t r o d  

currents. 

Heavy Mineral Weight Percentage i n  Nearshore 
Holocene and Pleistocene Relict Sediments 
rma.. 7 - l L l  

Mixed sediments, ranging in grain size from coarse 

gravel t o  f ine s i l t  and m d ,  underlie the nearshore region 

of Home because r e l i c t  gravelly sediments of Pleistocene 

age a re  interspersed with Holocene sand and mud. Pre- 

dominantly gravelly sediment often ahows nearly the same 

sorting as predominantly sandy sediment. For this  reason, 

the mean grain s ize of sediment i s  used for  the purpose of 

relat ing the heavy mineral weight percentage variations and 

the mineral composition variations. 

In  general, a high concentration of heavy minerals 

i s  expected for r e l i c t  sediments because they were winnowed 

by several transgressions of the sea during f l e i s  tocene 

time. However, the maximum concentration (18%) of heavy 

mlnerals i n  nearshore sediments is  i n  the Holocene sand 
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Heavy Mineral Weight Percentage in  Pliocene and 
Pleistocene Sediments (Fig. 12c) 

The weight percentage of heavy minerals i s  low (8%) 

for  three samples of Pleistocene glacial  till ( I l l i no im and 

pre-Illinoian) obtained from one nearshore dr i l l -hole  lo- 

cation. Although grain s i ze  data i s  not available for  these 

samples, low weight percentage of heavy minerals i s  expected 

for poorly sorted g lac ia l  deposits. The weight percentage 

of heavy minerals i s  a lso low (8%) for three samples of 

Pliocene marine aediment from three nearshore dr i l l -hole  

locations. These samples are s i l t y  and muddy, and a low 

welight percentage $8 expected, as  they a re  rnainly compoaed 

of micaceous minerals. 

RELATIONSHIP BETWEEN GOLD AND HEAVY MINERATS 

Distribution of Gold i n  Sediments of 
the Nome Region 

Three conditions are  important i n  the formation of 

placer gold deposits: (1) the occurrence of gold i n  bed- 

rack, (2) the separation of gold from bedrock by weather-, 

and (3) the concentration of gold part ic les  by stream cur- 

rents,  shore currents, etc.  Lode deposits of gold were 

mined i n  the Nome region a t  the t h e  of the gold rush i n  

PIome. Gold occurs i n  quartz and ca lc i te  veins associated 

with metamorphic rocks of the Nome region (Collier and 

others, 1908, pp. 114-116). The transportation and d i s t r i -  

bution of placer gold i n  sediments of the Nome region i s  

elaborately discussed by Nelson and Hopkins (1969) i n  their  

study. The following i s  a summary of their  data which i s  

relevant to th i s  report. 

1. Fine s ize  gold (0.25 mm or  less)  is widely dis- 

persed in  sediments of the Nome region, but the maximum 

concentratton (556.0 parts per b i l l i on  ppb) of coarse gold 

part ic les  (1  nan or larger) occurs i n  r e l i c t  gravel that 

mantles glacial  d r i f t  i n  the nearshore regLon. Gold was 

eroded by glaciers from old gold placers and bedrock of the 

onshore region, and was transported to i t s  present s i t e  with 

g lac ia l  d r i f t .  Although the glacial  d r i f t  carries small 

values of gold, several transgressions and regressions of 

the sea during the Pleistocene time winnowed away the f ine 

part ic les  and l ight  minerals, leaving the r e l i c t  gravel over 

glacial  d r i f t  r ich tn gold. The r e l i c t  gravel on the Mome 

River outwash contains relat ively l i t t l e  gold (4.0 ppb) , 
because the thin mantle of outwash gravel has covered the 

glacial-drift sources. The concentration of gold i n  sub- 

merged beach gravel (16.0 ppb) i s  lower than that  of r e l i c t  

gravel over d r i f t .  Submerged beaches were formed where sea 

level  was steady for a considerable period, and, as a resu l t ,  

beach sediment buried the glacial  d r i f t  source rock. The 

r e l i c t  gravel overlying the d r i f t  was formed where the sea 

advanced rapidly. Nearshore Holocene sediment contabs 

small quantit ies of fine gold (8.0 ppb). "Ruby sandl'of the 

Nme beaches carries a considerable amount of f ine size gold 



(2118 ppb). Modern beach gravel samples also carry f a i r l y  

high values of gold (155 ppb). The average values of gold 

i n  different  sediment types a r e  reported in  Table 2. 

2. Coarse-size gold (1  mm or  larger), once concen- 

trated i n  r e l i c t  gravel on g lac la l  d r i f t ,  was not moved by 

normal marine processes such as  longshore currents, strong 

bottom currents, surf waves, etc. ,  although f5ne-size gold 

(0.25 nun or smaller) can be transported by these processes. 

Generally, placer gold i s  associated with minerals 

of high specific gravity such as magnetite, ilmenite, pyrite,  

zircon, garnet, and monazite (Batman, 1959, p. 236). 

Smaller s i ze  grains of gold a re  hydraulically equivalent to 

larger grains of l ighter  minerals, because of gold's 

extremely high specific gravity (Sp. G r .  = 15-19). The 

relationship between heavy minerals and gold has been inves- 

tigated by comparing the average gold values (in parts per 

bi l l ion)  for  various Nome sediments wlth (1) heavy mineral 

weight percentages, (2) garnet percentages (expressed in  

number frequency excluding micaceous minerals), and (3) 

rnicaceous minerals percentages (expressed Fn number fre- 

quency re la t ive  to the nonopaque minerals of the heavy 

concentrates). 

Table 2 

Average Gold Values, Heavy Mineral Weight Percentages, 
Garnet Percentages, and Micaceous Mtnerals 

Percentages for Various Sedlment Types 

Sediment types 

- . .  
ar v 
s *  
t-4 (UP 

$ cg  
Mean 4 z g  
phi 0 a, 

M a5 

MODERN BEACH 
SEDmExTS 

Ruby sand 0.45 2118 90 94 0.5 
Beach gravel -1.2 155 8 70 35 

NEARSHORE HOLOCENE 
AND PLEISTOCENE 
RELICT SEDIMENTS 

Holocene sand 1.2 8 18 68 20 
Relict gravel 
over glacial  
d r i f t  -1.5 55 6 12 64 30 

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

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

1. Gold values a re  of total samples. 
Data was obtained from U.S. Geological Survey. 

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

3. Number f r e  uencies of micaceous minerals a re  expressed 
in  terms 02 percents including counts of a l l  nonopaque 
minerals i n  heavy concentrates. 



Relationship Between Gold V a l w  and Weight 
F ercentage of Heavy Minerals (Fig. 141 

The bar diagrams of heavy mineral weight percentages 

and gold values indicate the coincidence of a high weight 

percentage of heavy minerals and a high gold value only for 

the "ruby sand'' of modern beaches where sand i s  almost en- 

t i r e l y  made up of garnet and opaque minerals. For other sed- 

iment types, high gold values a re  nor related to high weight 

percentages of heavy minerals. In  r e l i c t  gravel over glacial  

d r i f t ,  which carr ies  a hPgh gold value (556 ppb), the weight 

percentage of heavy m'lnerals Ls not higher than tha t  of 

other sediments. Also gravel samples of the modern beaches, 

which carry f a i r l y  high gold values (155 ppb), do not show 

high weight percentages of heavy minerals (8%). In  near- 

shore Holocene sand and r e l i c t  gravel on the Nome River out- 

wash, which carry a low gold value (4-8 ppb), the weight 

percentage of heavy minerals i s  re lat ively high (18%). 

Relationship Between Gold Value and 
Garnet Percentage (Fig. 15) 

Garnet i s  the most abundant heavy mineral i n  the 

Wme sediments. Only in  the "ruby sand" of modern beaches 

is the garnet percentage related to  the hfgh gold value. 

For other sediments, the gold value is not related t o  the 

garnet percentage. I n  nearshore Holocene sand and in  r e l i c t  

gravel over the Nome River outwash plain, which carry low 

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

other hand, in  the r e l i c t  gravel over glacial  d r i f t ,  which 

FIGURE 14. RELATIO#SHIP BETWEEN GOLD YALUE AND HEAW 
MINERAL WEIGHT PERCENTAGE 
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Rrllcl Graval over Rallct Gravel Relict Gravelly k n d  
6boclol D r i f t  on lw IHrer Ovtworb of Subnvrgad I r s h s  

FIGURE 16. RELATIONSHIP BETWEEN GOLD VALUE AND MICACEOilS YtNERALS 
PERCENTAGE 

and heavy minerals i n  "ruby sand" may be due to i t s  

exceptionally winnowed nature and the lack of la te r  con- 

tamination. The lack of correlation between gold values and 

heavy minerals for the other sediments i s  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 i s  understood when the source 

region of gold and i t s  hydraulic properttea a re  taken into 

consideration. According to Nelson and Hopkins (1969, 

p. 4 3 ) ,  coarse gold part ic les  (1 mm or larger) a r e  concen- 

trated in r e l i c t  gravel tha t  mantles glacial  drift. Be- 

cause of the high specLfic gravity, coarse gold part ic les  

rare 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 nrm) can be transported along with l igh t  

mineral particles by longshore and bottom currents. This i s  

also supported by a high concentration of heavy minerals 

(18% by weight) i n  Holocene sand winnowed by strong bottom 

currents (Fig. 12b) 

b. Heterogeneous nature of relict sediments: Medium 

to f iner  fractions of the r e l i c t  sediments probably have been 

par t ia l ly  derived from l a t e r  deposition of Holocene sediment, 

and contamination of some samples of r e l i c t  gravel from 

underlying glacial  drift i s  suspected because r e l i c t  gravel 
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L-j 10- 15% (Holocrna Silt  a d  b d )  ~ ' ~ " " ' ' ~ ~ ~ l l l l l l l l l l l l l l l  
~~!f_(!on of long8hora drif t ,  which was not c m r m l  

rastigatlon 

FIGURE 2 0 .  CHLORROQ CERCE'IVTA6E MAP 
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FIGURE 21. SPHENE .PERCENTIOE MAP 
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FIQURE 22. STAUROLlTE PERCENol'AGE M A P  



The mineral frequency variations i n  the offshore 

direction (Pig. 23) show l i t t l e  change i n  the re la t ive  

abundance of the heavy minerals. In general, the relat ive 

frequencies of epidote, chloritotd, sphene, and other min- 

erals such a s  hornblende, glaucophane, tremolite-actinolite, 

and tourmaline increase with the decrease i n  garnet f re-  

quency of Holocene s i l t y  sediment. 

The percentage of micaceous minerals (percentage 

computed from t o t a l  counts of a l l  nonopaque minerals in  the 

heavy residue) bears an antipathetic relationship with heavy 

mineral weight percentages and garnet percentages. In  the 

Holocene sand and r e l i c t  gravel on the Nome River oucwash 

fan, which have high weight percentages of heavy minerals 

(18%) and high garnet percentages (68-70X) the percentage 

of macaceous minerals is comparatively low (20-25%). 

Micaceous minerals percentage maxime (40-709.) i s  in  the 

Holocene s i l t y  sediment (mean phi. 4.0), which i s  also 

characterized by a low garnet percentage (35-552) and a 

low weight percentage of heavy minerals (Fig. 24). Weak 

currents, which deposit f ine s i l t  and clay, usually carry 

micaceous minerals i n  great abundance, and garnet and other 

minerals of high specific gravity in  small amounts. 

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

The mineral composition of Pleistocene g lac ia l  till 

from one dr i l l -hole  re f lec ts  the poorly sorted nature of the 
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F I G U R E  25. TRIANGULAR DIAGRAM OF HEAVY MtNERAC ASSEMBLAGES 

mainly reflect the effect of rhe sorting of mineral grains 

accordtug to size and specific gravtty. 



Chapter 5 

The specific source rocks for  the heavy minerals of 

the Nome sediments a re  d t f f i cu l t  to establish in  the absence 

of detailed data regarding accessory minerals of the rocks 

from the inland region. However, an effor t  has been made to 

identify source rocks on the basis of petrographic de- 

scription of rock types from published and unpublished re-  

ports of the U.S. Geological Survey (Collier and others, 

1908; Moffit, 1913, Hummel, uopubl , -~r~ ,~t ) .  

mch of the Nome area i s  underlain by calcareous 

muscovite-chlorfte schis t ,  graphitic mica-schisr, and 

marble. Chlorite and muscovite a re  the major constituents 

of these schists.  Also, epidote and amphtboles a re  reported 

to be major constituents i n  some of the schists (Moffit, 

1913, p. 27). Hornblende, ac t ino l i te ,  and soda-amphibole 

(Crossite?) were found by Hummel (unpub. rep%) in  amphibole 

schis ts  of t h i s  region. Chlorttoid , apat i te ,  sphene, tour- 

maline, and zircon are  comon accessory minerals of these 

schis ts .  In addition, green and brown b io t i te  and garnet 

a re  present in  the chlorite-mica schists.  In  the marbles, 

garnet, tremolite, and minerals of the epidote group a re  

important minor constituents and apat i te ,  sphene, and 

tourmaline are  commonly present (Hummel, unpub. rep%) . 

According to E m e l  (unpk re*.), the biotite-garnet 

schists of the Kigluik Mountains (Fig. 3) are of medim to 

high grade a3 they are  characterized by the presence of 

sil l imanite and s taurol i te  and the general absence of min- 

erals  of the epidote group. Hornblende and diopside a r e  

locally present as minor constituents of some of the schists 

and apat i te ,  graphite, pyrite,  pyrrhotite, and tourmaline 

are  accessory constituents (~umnel, unpub. repi?.). 

Granite, granodiorite, and greenstone are  important 

intrusive rocks of the Nome region. They mainly occur as 

small dikes and s i l l s ,  although a grani t ic  body of con- 

siderable s ize  cropa out near Cape Nome. Bdotite i s  a minor 

constituent of t h i s  granite and apat i te ,  magnetite tourma- 

l ine,  sphene, and zircon are  present as  accessories &off i t ,  

1913, p. 33; Hmmel, lurpub. repc). Granodioriee is charac- 

terized by the presence of b io t i t e  and epidote as Important 

minor constituents. Accessory minerals include garnet, 

sparse amphibole, tourmaline, magnetite, ilmenite, leucoxene, 

and zircon ( H u m e l ,  ~ n p u b . r e p ~ ) .  Moffit (1913, p. 32) reported 

glaucophane i n  greenstone schists of this  region. 

Minerals such as chlorite,  epidote, chloritoid, 

hornblende, and tremolite-actinolite, which constitute the 

bulk of the heavy mineral su i te  of th i s  region, probably 

have been derived from schists and marbles of the Nome 

region, as  these a re  the most abundant rocks of the area. 

Calcareous mica-chlorite schis t  and marble seem to be the 
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major source rocks for  sphene. Garnet, which i s  the pre- 

domtnant mineral i n  heavy mineral sui te ,  probably has been 

derived mainly from mica-chlorite schists and b io t i t e  garnet 

schis ts .  Staurol i te  and s i l l imanite  a re  def ini te ly derived 

from high grade schiste of the Rigluik Mountains. Kyanite 

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

rept .  ), although it has been identified i n  the heavy mineral 

assemblages of Nome sediments. 

Apatite, sphene, tourmaline, and zircon are  found as  

accessories i n  both metamorphic and igneous rocks of t h i s  

region. Tourmaline tha t  occurs a s  small euhedra and con- 

tains abundant opaque (carbonaceous) inclusions, probably 

has been derived from mica-chlorite schis ts  (Pettijohn, 

1949, p. 18). Multiple sources such as mica-chlorite schis t ,  

granite,  and granodiorite are suggested for zircon, which 

occurs in  three variet ies  (colorless, s l igh t ly  yellowish, 

and a purple color variety known as hyacinth) and ranges in  

shape from perfect prismatic euhedral crystals to  e l l i p -  

soidal  shaped rounded grains. 

Chapter 6 

SUMMARY AND CONCLUSIOHS 

1. Heavy mineral assemblages found i n  the various 

sediments of the Nome region are dominated by garnet, 

epidote, chloritoid, sphene, and staurolite.  Hornblende, 

glaucophane, tremolite-actinolite, and tourmaline are  more 

or less  persfstent,  but subordhate minerals. Heavy min- 

erals  are more abundant in the 3-4 phi s i ze  fraction than Ln 

any other fraction. Garnet is somewhat more abundant i n  the 

1-2 phi s ize  fraction, whereas epidote, chloritoid,  and 

other minerals, such as sphene, s taurol i te ,  hornblende, and 

glaucophane, are  more concentrated i n  the 2-4 phi s ize 

fraction. 

2. I n  the modern beach sediments, a high concen- 

t ra t ion of heavy minerals (15-30%) i s  associated w i t h  well- 

sorted sand (sorting coefficient: 2.8) of the swash zone and 

sand from a bar a t  Penny River. The sand of the swash zone 

and r iver  bar a re  mainly worked by waves and l i t t o r a l  cur- 

rents,  and as a resul t ,  are  better sorted than sediments 

from other parts of the beach (Greene, 1970 . The heavy 

mineral percentage i s  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 r e l i c t  sediments because they have been 

winnowed by several transgressions and regressions of tRe 

sea during Pleistocene t k e .  In the nearshore r e l i c t  sedi- 

ments of 'Nome, such am the r e l i c t  gravel that mantles 

glacial d r i f t  and r e l i c t  gravelly sand of submerged beaches, 

however, the weight percentage of heavy minerals is lower 

(129,) than Holocene sand /la"/, ). The high weight percentage 

of heavy minerals in  Holocene sand (mean phi 1.2) suggeats 

the winnowing of sand by strong bottom currents. The low 

weight percentage of heavy minerals for r e l i c t  gravel on 

glacial d r i f t  and r e l i c t  gravelly sand sf submerged beaches 

Fs probably due to the heterogenous nature of the r e l i c t  

sediments. The medium and fine-sized sand f rac thna  of 

r e l i c t  sediments are thought to  have been introduced during 

Holncae time. Pleistocene glacial till and PlLocene marhe 

s i l t y  sediment from several nearshore drill-holes show a low 

weight percentage of heavy minerals ($6). 

3. In  nearshare sediments, the maximum concen- 

tration of coarse gold particles (1 nrm or larger) occurs in 

r e l i c t  gravel that mantles glacial  d r i f t ,  rather than in  any 

other sedlment type such as r e l i c t  gravel on the Nome River 

outwash fan, r e l i c t  gravelly sand of submerged beaches or 

Holocene sediment (Nelson and Hapkins , 1969). Relict gravel 

on glacial d r i f t ,  which carries a high gold value, does not 

show a high concentration of heavy minerals. Also, a very 

low concentration of micaceous minerals i s  expected for 

r e l i c t  gravel on glacial drtf t . The rnicaceous minerals 

percentage therein L more (3036) than that i n  Holocene sand 

(2090) that carries a low gold value. The lack of correlation 

between gold values and heavy minerals (weight percentage of 

heavy minerals, garnet percentage, and Hclcaceous minerals 

percentage) i s  attributed to two factors: (1) the dfffer- 

ence between hydraulic properties of gold and other heavy 

minerals, and (2) the heterogenoua nature of r e l i c t  sedi- 

ments. Coarse gold particles, once coucentrated in  r e l i c t  

gravel that mantles glacial drift, are not moved by long- 

shore currents and strong bottom currents because of their  

extremely hLgh specific gravgty (Nelson and AqMns, 1969, 

p. 431, and medium to fine-size fracrfms of the r e l i c t  

s e d h n m  could have been introduced durSng the Holocene age. 

4 .  The results of this Investigatbn are dis- 

appointing because there are no minerals or mineral assert- 

blages or the physical characteristTcs of ralnerals whPch 

are diagnoskic of a particular sediment type. Minor mineral 

compos l t ional  variations observed i n  the heavy mineral 

assemblages from the various sediments a£ this area mainly 

reflect  the effect of sorting of mineral grains according to 

s ize and specific gravity. Garnet and stauroli te  are some- 

what more concentrated 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 assocgated with the high weight percentage o f  
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heavy minerals. Garnet i s  s l i gh t ly  abundant i n  Holocene 

sand (mean phi 1.2) and i n  Pleistocene r e l i c t  gravel on the 

Rome RLver wtwash fan (mean phi 2.2), which carr ies  a high 

weight percentage of heavy minerals. The garnet c o a e n t  is 

minimum for  Holocene s i l t y  sediment (mean phi 4-03, which 

hae a low content of heavy minerals. In  general, the 

re la t ive  abundance of other minerals, such as  epidote, 

chloritoid,  and sphene, increases with a decrease i n  garnet 

i n  the Holocene s i l t y  sediment (Fig. 23). Micaceous min- 

erals  are mest abundant (40-70%) i n  s i l t y  and muddy sedi- 

ments because l i gh t  micaceoos m h e r a l s  are hydraulically 

equivalent to  fine-size a e d h e n t  (Doyle and others, 1968, 

pp . 38 1-389) . 
The mineral composltien of Pliocene marine s i l t y  

sedlment from nearshore dr i l l -holes  Fs sjmilar t o  that of 

the nearshore Holoeene s l l t y  sedlnrent, and has a high con- 

tent of micaceous anlnerals and a low garnet c o n w e .  Also, 

Pleistocene glaclal  tL11 samples from one nearshore d r i l l -  

hole were found to  contain a high concentration of micaceoua 

minerals which re f lec ts  the poorly sorted nature of the 

g lac ta l  d r i f t .  

5. The Mome sediments of Holocene, Pleistocene, and 

Pliocene ages a re  derived mostly from the metamorphic rocks 

of Mome and adjacent regions. The majortty of the minerals 

such as garnet, chlori te ,  epidote, chloritoid, sphene, 

s tauro l i te ,  hornblende, and tremolite-actinolfte a r e  reported 

to  occur i n  the metamrphic rocks of inland regions (Hummel, 

in press). Glaucophane has been reported to  occur in  the 

greenstone sills of this region (Mofflt, 1913, p. 32). 

Zircon is found i n  granite, granodiorite, and mica-chlorite 

sch is t  as an accessory mineral. Kyanite i s  the only mineral 

identifled i n  the heavy mineral su i te  tha t  has not been 

identified in  the metamorphic rocks of Nome and adjacent 

regions {Hunrmel , unp*b. . 
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Appendix A Appendix B 
Wefght Percentages of Hecavy Minerals 

(in 1-4 phi size fractions) Weight Percentages of Heavy Minerals and Ferro- 
magnetic Minerals in Three Size Fractions 

S~lmple Weight Sample Weight Sample Weight 
No. Percent No. Percent No. Percent Sample Grain size Weight Percent %eight Percent 

No. in phli of Heavy Minerabs of Ferromagnetic 
Minerals 

x Weight percent of the heavy mineral f ractians 



Appendix C 

Franz Separation Data 

Slope: 15O 
nlt: lo0 

Fraction 1. Current at 0 .2  amp 
fa) iknenite 

Fraction 2. Current a t  0.35 amp 
( R . 5  1.79-1.81) 

chloritof d 
of chloritoid which shows 

dispersion 

Fraction 3 .  Current a t  0.45 amp 
(a) epidote 
(b) s taurolt te  

green and brown hornblende 

chlorite 

Fraction 4. Current at 0.75 amp 

.Fraction 5.  Current at  1.2 amp 
tremolite-actinolite 

Fraction 6 .  Fraction rejected at  1 .2  amp 

sillimantte 
zircon 


