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THE CLE ELUM RIVER NICKELIFEROUS IRON DEPOSITS
KITTITAS COUNTY, WASHINGTON

By Carn A. Lamey and Presron E. Horz

ABSTRACT

The (le Elum River nickeliferous iron deposits are about 60 miles east of
Seattle, in the Wenatchee National Forext, Kittitas County, Wash,, and are
exposed principally along the valley of the Cle Elum River at altitudes ranging
from 2,700 to 3,500 feet, but subordinate and discontinuous deposits extend east-
ward into the mountains and attain altitudes of 5.000 feet or more.

The deposits occur as an iron-rich stratigraphic unit at the base of the conti-
nental Swauk formation of Eocene age and rest upon serpentinized peridotite.
Locally these rocks are cut by many basic dikes. In the Cle Elum River area the
rocks have been folded into an asymunetric anticline plunging to the southwest.
The average dip of the iron deposits is 32°, but loeally dips range from 15° to 65°
or more. The major anticlinal structure is complicated by many small folds
and by thrust and normal faults.

The iron deposits form a layer, composed chiefly of fine-grained magnetite and
various hydrous aluminum oxides, that has an average true thickness of about
15 feet. At most places the upper part of the iron deposits is oolitie to pisolitic
and isx overlain by mudstone, which is succeeded by siltstone or fine-grained
sandstone. The prinecipal minerals in the iron deposits are magnetite, hematite,
serpentine, aluminous minerals (diaspore, boehmite, cliachite, and some clay
minerals), and chrome spinel. Although nickel is present in appreciable amounts,
no nickel-bearing mineral except some secondary millerite has yet been identified.

Analyses of core from 57 diamond-drill holes show the following average com-
position of the iron deposits: Fe, 40.86 percent; Ni, (.84 percent; Cr.0s; 2.40
percent; Si0., 8.96 percent: Al:Q; 16.41 percent; P, 0.032 percent; S, 0.111
percent; Mn, 0.46 percent. In general, Fe, Ni, and Cr increase in amount from
the top to the bottom of the deposits, whereas Al.Q; and SiO. decrease, but the
Si0. content increases again near the bottom. Analyses of the serpentine under-
lying the iron deposits show an average of 0.63 percent Ni and a range from a
trace to 1.94 percent. The average chemical composition of the iron deposits is
similar to that of some of the Cuban lateritie iron deposits, and it appears likely
that much of the Cle Elum River material was an iron-rich laterite that was
subsequently metamorphosed.

Drilling shows a reserve of 6,250,000 tons of ferruginous material containing
40.86 percent e, 0.84 percent Ni, and 2.40 percent Cr.0;, underlain by serpentine
containing 0.63 percent Ni to an average depth of 21 feet. The iron deposits are
stbdivided into 3,200,000 tons of measured material, 650,000 tons of indicated
material, and 2,400,000 tons of inferred material. The better grades of material
generally are in the lower 60 percent of the iron deposits.

Much of the material could be recovered only by underground mining, although
as much as 1,000,000 tons might be removed by open-pit methods.



INTRODUCTION

GENERAL DESCRIPTION OF THE AREA

The Cle Elum River nickeliferous iron deposits are in the Wenatchee
National Forest, northern Cascade Mountains, in Kittitas County,
Wash., about 60 miles east of Seattle, within the area covered by the
Snoqualmie quadrangle (fig. 7). The main line of the Northern
Pacific Railway passes through Cle Elum, about 25 miles south of
the deposits, and a branch line extends northwestward through Roslyn
and ends about 18 miles south of the deposits. The area is served,
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Fi1cUrRE 7.—Index map of Washington showing the location of the Cle Elum River
nickeliferous iron deposits.

also, by the main line of the Chicago, Milwaukee, St. Paul and Pacific
Railroad, which passes through South Cle Elum. A paved road ex-
tends from Cle Elum to the south boundary of the Wenatchee National
Forest, a distance of about 8 miles, and a rough crushed-rock and
dirt road leads from the forest boundary to the deposits.

The road through the Wenatchee National Forest 1s closed by snow,
nost years, from December to April. The annual snowfall usually
is 6 to 10 feet, but it may be as much as 16 feet. Precipitation is
relatively high in winter and low in smnmer.

The natural resources of the area favor exploitation of the deposits.
Water and timber are abundant in the immediate vicinity, and good-
grade coal, although not of coking quality, is mined in the adjacent
Roslyn basin.
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The principal deposits are exposed chiefly along the valley of the
Cle Elum River, at altitudes ranging from 2,700 to 3,500 feet, but
subordinate and discontinuous deposits extend eastward into the
mountains and attain altitudes of 5,000 feet or more. The eastern
end of this chain of deposits appears to be the low-grade nickeliferous
iron deposits near Blewett (Lamey, 1950).

EARLY EXPLORATION AND DEVELOPMENT

The Cle Elum River deposits were actively explored between 1887
and 1906, and early scientific examinations were made by Kimball
{1898), by Smith and Willis (1900), and by Smith and Calkins
(1906). Claims were located as early as 1887, and patented claims
now owned by Balfour, Guthrie, and Co., Ltd., 1425 Dexter Horton
Building, Seattle, Wash., cover the principal deposits. Mining ex-
plorations for Balfour, Guthrie, and Co. were made by Robert Young
in 1904 and 1906 (unpublished reports). The early developments
consisted of about 60 shallow cuts, a few adits and shafts, and 4
diamond-drill holes.

SUBSEQUENT INVESTIGATIONS

The prinecipal investigations after 1906 were made by geologists
of the Northern Pacific Railway. In 1912 Zapffe prepared an un-
published report (March 1,1913, in files of Northern Pacific Railway)
outlining the principal features of the deposits and made a recon-
naissance map showing the principal outcrops of iron deposits in
the Cle Elum River district. In 1922 the Washington Geological
Survey published the results of a study made by Jenkins (1922), and
in the fall of 1942 J. T. Mullen and C. L. Holmberg (Zapffe, 1944)
made a detailed map of most of the outcrops of iron deposits in the
NW1 see. 35 and Sl sec. 26, T. 23 N, R. 14 E. The Washington
Geological Survey in 1942 and 1943 conducted a magnetic, economic,
and stratigraphic investigation of the deposits (Broughton, 1944;
Lupher, 1944).

The present investigation, by the Geological Survey, began in the
Tall of 1942 following a preliminary examination of the deposits in
1940 by E. F. Burchard, who also was in charge of the investigation
itself. Surveying was done in September and October 1942, from
May 25 to December 20, 1943, and during several summer weeks in
1944. Detailed geologic and topographic surveys were made of parts
of secs. 26, 34, and 35, T. 23 N., R. 14 E., and parts of secs. 2 and 3,
T. 22 N., R. 14 E. (see fig. 15 for a generalized map). The work
was done with transit, telescopic alidade, plane table, stadia rod, and
dip needle. True north was determined by the Baldwin solar chart.

Balfour, Guthrie, and Co., the Northern Pacific Railway Co., and
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(Car] Zapffe made available maps and manuscripts and many chemical
analyses. Alfred McDonald gave the field party valuable suggestions
regarding the geography of the area and assisted in many other ways.
S. E. Good and P. D. Proctor gave technical assistance in the field.
and P. J. Shenon and J. J. Collins contributed field guidance and
coordinated the work with the program of the U. S. Bureau of Mines.

The Bureau of Mines explored the area from early August to late
December 1943 and from about July 15 to November 1. 1944, digging
several trenches and 57 vertical diamond-drill holes totaling 11,205

feet.
PUBLICATIONS

The general geology and economic deposits of the Cle Elum Rive:
area are described in the Snoqualmie and Mount Stuart folios (Smith
and Calkins, 1906; Smith, 1904) of the Geological Survey. The iron
deposits are described more fully in other publications. The chief
sources of information have been cited and are listed alphabetically at
the end of this paper.

GEOLOGY

ROCK FORMATIONS AND GENERAL RELATIONS

Relatively few formations are exposed in the immediate vicinity
of the iron deposits. These are tabulated below, with the youngest
rocks at the top.

Surficial deposits (Quaternary) : Alluvial, colluvial, and glacial deposits.

Dike rocks (Tertiary) : Diabase, basalt, and andesite.

Swauk formation (Eocene) : Chiefly sandstone, siltstone, and conglomerate.

Nickeliferous iron deposits (Eocene?) : Considered by the authors to be chiefly
residual material beneath the base of the Swauk formation.

Granodiorite (pre-Tertiary) : White to gray granitic rock.

Peridotite (Jurassic?) : Chiefly serpentinized harzburgite,

Hawkins formation (pre-Jurassic?) : Chiefly greenstone,

The descriptions of the rocks are based on megascopic examination
of outerops and drill cores and on microscopic study of thin and pol-
ished sections made chiefly from diamond-drill cores.

HAWKINS FORMATION

The Hawkins formation was not examined in detail, as it is present,
only along a small part of the northern border of the area mapped,
where locally it forms the northern limit of the iron deposits. It is a
dark greenish-gray altered rock in general resembling greenstone.
Chlorite, pyrite, pyrrhotite, and some feldspar are distinguishable

megascopically.
PERIDOTITE

Peridotite, the rock on which the iron deposits rest, is exposed more
extensively than any other igneous rock in the area. All the perido-
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tite is at least partly serpentinized. Much of it is very dark green to
nearly black, either dense and massive or somewhat mottled, though
some of it shows several shades of green and may be mottled or
streaked with pink, green, and white.

Microscopic examination shows that much of the peridotite is harz-
burgite, originally composed chiefly of olivine and an orthopyroxens,
but that some of it is dunite, originally composed chiefly of granulav
olivine. Most specimens examined consist chiefly of serpentine min-
erals. These apparently include antigorite and perhaps some chryso-
tile and probably include serpophite. which, according to Rogers and
Kerr (1942, pp. 362-363), is an amorphous, massive, almost structure-
less mineraloid associated with antigorite and composing part of ser-
pentine. Bastite, the variety of antigorite pseadomorphous after
pyroxene, is prominent. in some specimens, and pleochroic bowlingite
is not uncommon. Remnants of pyroxene and olivine, some magne-
tite, chrome spinel, tale, calcite and perhaps other carbonates, and
leucoxene also can be seen.

GRANODIORITE

Granodiorite is exposed only in two small areas, one west of the Cle
Elum River and the other south of Camp Creek (pl. 9), where it cuts
the peridotite. It is chiefly gray to white, medium-grained, and mas-
sive and resembles granite. Megascopic examination shows that the
rock is composed mostly of white feldspar throughout which are scat-
tered biotite, perhaps hornblende, and some quartz. The feldspar
consists of both orthoclase and plagioclase, the latter showing fine
striations and, in a very few specimens, zoning. No microscopic
studies of this rock were made, but the megascopic characteristics
indicate that it may be the Mount Stuart granodiorite (pre-Tertiary)
that occurs just to the north of the Hawkins formation, outside the
area mapped by the authors. It was described by Smith and Calkinz
(1906, p. 4).

NICKELIFEROUS IRON DEPOSITS

The nickeliferous iron deposits rest upon the serpentinized perido-
tite and form a thin, discontinuous unit beneath the base of the Swauk
formation. The chief deposits are in the northern part of the area
mapped and consist mostly of fine-grained magnetite and admixed
serpentine, diaspore, boehmite, cliachite,' gibbsite, chrome spinel, and
Liematite. The deposits are divisible into four types: massive, lami-
nated, concretionary, and “pebbly” or fragmental. All are usually
black to dark gray except the laminated type, which is black to gray
and streaked with green, red, or buff. The iron deposits are the ma-
terial of chief economic interest in the area mapped.

1Cliachite” is used as a descriptive term for the fine-grained eryptocrystalline bauxitie

material that cannot be resolved under the microscope and that probably consists of very
finely crystalline gibbsite and other aluminous minerals and contains abundant impurities.
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SWAUK FORMATION

The Swauk formation, of continental origin, is the principal unit
exposed in the area. It is dominantly gray to nearly white, well-
indurated, medium- to coarse-grained feldspathic sandstone, but it
includes considerable amounts of conglomerate and dark-gray silt-
stone and some nearly black mudstone. Bedding is obscure except in
the siltstone.

The lithology of the formation changes abruptly within short
distances, not only laterally but vertically, and coarse sandstone and
conglomerate may be in contact with siltstone. Characteristically,
mudstone is present near the base of the formation, immediately above
the iron deposits into which it grades, and siltstone and fine-grained
sandstone rest above the mudstone. Less commonly mudstone is
present in higher beds. Conglomerate ordinarily is associated with
coarse-grained sandstone, but its distribution within the formation is
very erratic; rarely it is found at the base of the formation, where
it rests upon serpentinized peridotite, and the iron deposits are absent.

MUDSTONE

The mudstone near the base of the formation is ferruginous at most
places and apparently grades into the underlying iron deposits.
Locally it is composed dominantly of serpentine and rests upon the
serpentinized peridotite. The mudstone in the upper beds is com-
monly graphitic, and in some places several inches of the formation
are composed of almost pure graphite. Megascopically the mudstone
is either concretionary or massive, but microscopically it is separable
into three varieties: concretionary, concretionary and fragmental, and
fragmental, the third variety corresponding to the one that appears
massive megascopically. Where all three varieties are present, the
fragmental one is uppermost.

The concretionary mudstone contains, not only many particles of
concentric structure, but also some that are rounded and structureless.
Many of the concretionary and structureless particles are oval and
1 to 3 millimeters across, but some compound ones, each containing
several small concretions, are as large as 5 millimeters across. Between
the larger concretions are smaller particles, either concretionary or
structureless, as small as 0.05 millimeters across (fig. 8). The domi-
nant constituents are cliachite,? diaspore (Al,0,.H,0), and possibly
boehmite (Al.O,.H,0), gibbsite | AI(OH),],serpentine (H,Mg4Si,0,).
chrome spinel [(Fe,Mg) (Al,Cr),0,], and magnetite (FeFe,O,).
Among these, gibbsite that can be identified microscopically is dis-
tinctly subordinate. Minor constituents are pyrite, pyrrhotite, biotite,
guartz, partly altered pyroxene, and possibly clinozoisite and zircon.

2 No chemical formula can be given for cliachite, since it is a mixture of several aluminous

minerals. It iy chiefly aluminum hydroxide, hydrous aluminum oxide, and abundant
impurities.
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cumulations and not part of the Swauk formation, as the authors
believe, the Swauk formation in some places rests on those deposits
and in others rests on the peridotite. This unconformable relation-
ship governs the distribution and thickness of the iron deposits, but
apparently not their general structure. The dip of the iron deposits
conforms closely to that of the Swauk formation (pl. 9, sections -
and D-D’), and diamond drilling has shown, in the absence of con-

R14E

EXPLANATION

—Ts

Swauk formation
TERTIARY

pt

Peridotite
PRE- TERTIARY

4

Iron deposits

Contact,
approximately located

_165
Strike and dip of beds

—

"
PPl SN N 1os
ya S~ L A
St Ts
1000 O 4000 Feet
[N | L

FI1GURE 15.—Generalized sketch map showing the major anticlinal structure of the rocks
of the Cle Elum area.

cealed folds and faults, that the approximate position of the iron
deposits beneath the surface can be predicted with comparative ac-
curacy from the dip of the Swauk formation.

NICKELIFEROUS IRON DEPOSITS

DISTRIBUTION

The distribution of the nickeliferous iron deposits not only is known
from outcrops and from diamond drilling but is indicated in covered
areas by magnetic attraction. It is governed by the location of the
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contact between the peridotite and the overlying Swauk formation.
This contact is exposed a short distance south of Camp Creek (pl. 9),
from which point it was traced southward on the east side of the Cle
Elum River for about 2 miles. There it is crossed by the river, on
the west side of which it extends southward for about 3 miles. Then
it is again crossed by the river and extends eastward for about a mile.
The distribution of iron deposits in undrilled covered areas along this
contact (pl. 9) is thought to be nearly correct as indicated, because
in some of the covered areas in which detailed dip-needle traverses
were made diamond drilling has shown that iron deposits are likely
to be present where magnetic attraction is pronounced but that they
may be very thin or absent where the magnetic attraction is not con-
siderably higher than that yielded by the Swauk formation or by
the serpentinized peridotite.

The iron deposits crop out mostly in the northern half of the area
mapped, principally in two belts to the east of the Cle Elum River
(pl. 9). North of these two belts, almost as far as Camp Creek, mag-
netic attraction and a few outcrops indicate that iron deposits are
present only in widely separated small masses. South of the two
principal outcrop belts and west of the Cle Elum River, diamond
drilling and magnetic attraction indicate that iron deposits continue
southward in closely spaced, rather large bodies for about a mile, are
completely absent or exceedingly thin throughout another mile, and
then are present only in a few small patches throughout the remaining
distance to the Cle Elum River, where there are a few small ontcrops.
Eastward from the river, iron deposits are very thin or entirely ab-
sent up to a point a short distance east of the portal of the Tacoma
tunnel, near the E1/ cor. sec. 3, T. 22 N., R. 14 E. (pl. 9), where small
deposits crop out.

THICKNESS

The average true thickness of the iron deposits in the area drilled
is 15 feet, but the thickness ranges from less than 1 foot to 48 feet.
This thickness is exclusive of the overlying ferruginous mudstone,
which contains 20 to 25 percent iron and at most places is 2 to 5 feet
thick but exceptionally may be more than 10 feet thick. In general
the deposits are thickest in the areas of the two principal outcrop belts.
In 14 of 53 drill holes that cut the iron deposits, the thickness is less
than 8 feet (pl. 10), and in only 5 holes is it more than 25 feet (holes
29, 30, 32, 36, 37).

GENERAL CHARACTER

The nickeliferous iron deposits constitute a thin, discontinuous bed
composed mostly of fine-grained magnetite admixed with serpentine
and various hydrous aluminum oxides. This bed in many places is
divisible into four types, which are, from the bottom upward, (1) lami-
nated, (2) massive, (3) “pebbly,” and (4) concretionary. The pebbly
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type is scarcer than the others. The laminated type is streaked with
black, gray, dark green, dark red, brick red, or buff; the massive type
is black to gray and very fine grained; the pebbly type is black or
dark gray and contains greenish-gray to nearly white, rounded to
angular fragments and some oolites, and the concretionary type is
black to dark gray and contains oolites, pisolites. and slightly larger
concretions.
MINERALOGY

The mineralogy of the iron deposits, though relatively simple, is
unusual. It is essentially the same as that of the overlying concre-
tionary ferrnginous mudstone., The principal and subordinate min-
erals found 1n the iron deposits are listed below,

Principal minerals in the iron deposits

Relative abundance

Magnetite, FeFe.Oy______________ _______________ Most abundant.
Chrome spinel, (FeMg) (ALCYr).O4_____ ________ Abundant.
Hematite, Fe.Op_ .  __ _____  _____ Scarce.
Cliachite, ALOs, (H.O)~_________________________ Abundant.
Diaspore, ALLO:.H.O_____ _______________________. Do.
Boehmite,? ALO, H.0_____ _ [ Rare.

ibbsite, AVWOH)g____________________________ Do.
Serpentine, HMg:S1.OQo__ _______________________. Moderate.

Subordinate minerals in the iron deposits

Calcite, CaCOs Quartz, Si0.

Tale, H:Mgy (Si0s), Pyrite, Fes;
Pyroxene, (FeMg)SiO; (?) Pyrrhotite, FeixS
Chlorite, HsMg;ALSi:O05 (7) Millerite, NiS
Dickite (%), ALO.258i0..2H.0 Chalcopyrite, CuFeSN.

(linozoisite (?), Ca.(AlOH)AL:(Si04);

The only nickel-bearing mineral recognized by the authors was
secondary millerite, present in fracture fillings of a few drill cores.
Probably the nickel of the iron deposits is present in nickeliferous
deweylite (H,;,Mg,S1,0,, plus Ni) or is locked up atomically with the
iron, inasmuch as the nickel content increases rather consistently with
the iron content of the deposits and in many samples the highest
nickel content is in the serpentine immediately underlying the
deposits.

The mineralogy of the deposits as determined by the authors differs
somewhat from that described by Zapfle (1944, pp. 11-12, 24), who
states that the deposits contain magnetite (including martite and
hematite), goethite, hercynite (FeAl,O,), diaspore, fayalite (iron
olivine, Fe,Si0O;), serpentine, chromite (Fe(Cr,0,), garnierite
[H;(NiMg)Si0, plus H,O], and ilmenite. The chief difference is

3 Boehmite was not identified by the authors but was shown to be present by an X-ray
pattern made by J. M. Axelrod (Allen. V. 7T., April 8, 1944, written communication).
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the presence of fayalite and garnierite. neither of which was found

by the authors.
TYPES

The various types of iron deposits differ somewhat in their details;
hence each type will be described briefly.

LAMINATED TYPE

Microscopically, the laminated type of material is distinctly schist-
ose; some of it ts contorted, and not uncommonly it 1s cut by many
small veins (fig. 16). Itiscomposed chiefly of magnetite, cliachite, ser-
pentine, and chrome spinel. Although reddish hematite appears to
be present in hand specimens, microscopic examination indicates that
much of the reddish material is really iron-stained cliachite. The
veins consist principally of calcite, magnetite, and diaspore. Some of
them contain both coarse-grained calcite and well-crystallized mag-
netite,

The dominant features of the laminated type of iron deposit are
alternating and interfingering layers and lenses of magnetite and
cliachite, or magnetite and serpentine. Some of the cliachite con-
tains crystals and small rests of diaspore, and some of the magnetite
and serpentine layers bend around octahedra of chrome spinel (fig.
16). Near the bottom of the laminated type of iron deposit the amount
of serpentine increases, cliachite and diaspore are almost absent, and
calcite may be abundant. Study in both field and laboratory indicates
that the laminated character results from differential movement be-
tween the iron deposits and the serpentinized peridotite. The ser-
pentine at most places is sheared near the contact.

MASSIVE TYPE

Microscopically, the massive type of iron deposit is finely schistose.
It differs from the laminated type principally in the thinness of the
laminae and in the presence of a greater amount of magnetite.

PEBBLY TYPE

The pebbly type of iron deposit is composed of irregular to rounded
particles of cliachite, cliachite and diaspore, or diaspore, which range
in size from 0.5 to 10 millimeters or more and are conspicnously lighter
in color than the matrix of magnetite in which they are enclosed
(fig. 17). Some of the particles are composed in part, also, of calcite
or serpentine; a few are surrounded by a rim of cliachite or diaspore;
and some contain small fragments and concretions similar in composi-
tion to the larger particles. In addition ta the pebbly particles, grains
of chrome spinel are scattered throughout the matrix. Both the
particles and the matrix are cut by veins of caleite and diaspore
(fig. 17).















CLE ELUM RIVER NICKELIFEROUS IRON DEPOSITS 49

20 T
— —
15 —
- .
5 T
e 7
<
20 —
.
& _
b
i@
us
a
d
L . _
rd
4
4
d
. ]
/
d
4
4
(Y154 ) _
o | | | | | |

35
PERGENT Fe

F16URE 20.—Curves showing the variation of nickel and chromium in proportion to the
iron content of the Cle Elum River nickeliferous iron deposits, Kittitas County, Wash.
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F1gurRE 21.-—Curves showing the variation of silica and alumina in proportion to the iron
content of the Cle Elum River nickeliferous iron deposits, Kittitas County, Wash,



51

CLE ELUM RIVER NICKELIFEROUS IRON DEPOSITS

A1) ‘s11s0dap wody a1} JO W00 Y3 03 4o} FYI WOIF IPIX0 ITWOIYD PUB ‘[AYITU ‘UOIT “BUTWNIR 'BIYIS JO UORTVIIBA 94} JUIMOYS NAIN)—GF

v

£0%0 IN3O¥3d !N INIOY¥3d
€ 2 i 0 2 ] [0}

[0}°]

‘gseM ‘A1uno) SeINITY ‘sHS0dIp GOIT sNoaJI{oolu wui

a4 IN3IOY3d

£0%v  AN3OH3d

0z

WoL 108

NOILVYWYOd NOY¥I 30 WOO.L.LOG 308V EIN3ON¥3d
'1]
T

0
~
T

T

T

dolL

—

GE 0¢ SZ 02z SI ol
I T T T T

woloq 9A0qD
ueded gg ‘€oy puo |
o juessed gog ‘seaind

$02Iv Pup 934 jo uondesialu|

\l\

oy __G€ o~m °Y4 O_N m-— ot

T T T

woyoq eAoqo jusdied 12 ‘2018
pub €02y esed 9 ‘seand
2015 puo €02y Jo uoRORSIEI

—in

2015 IN3OW3d
mﬁ_ o_. m

\

wolio8

1 1 1 1
'l
o~

1

1
[=)
NOILYWY¥O04 NO¥! J0 w‘?)lme 3A08Y  AN3O¥3d

1
W
~

doL

HAAOLT



1901

COXTRIBUTIONS TO ECONOMIC GEOLOGY,

52

L 86 °¢ 469 G0°6 g1 14 144 ¥l LG @1 FASS 6919 901 26 < 9'95 01 0°09
LL° 80°¢ 9% ¢ 60°L L1 92 54 L8 L9 81 60°T qely | 9718 §7r4 [ N 0709 03 0°S¥
66" 18°1 88 °C 6% 0°7C (4 09 8%1 L8 LT g8 " 8L°T¥ | 4 002 /A A TTTOer 01 0°07
£§” LT°T 6L°1 6€°€ 6°C 144 €9 8700 011 L1 69" L8°LE ¥ 21 L0T 8  |TTTTTTTTTTTmTTTmeees 0'0% 01 0°9¢
15 98" ¥ '1 1 €€ 4 6 192 FI L2871 ¥ 1628 |{ ¢S 12 [ O 0°9¢ 03 008
gg” ¥9° L8 6% 2 g'g 92 96 S'18 011 €01 [ 8¥°L5 | §L 99 ] S TTTT 77700803068
6€°0 70 8¢°0 971 6°¢ 8¢ (438 L9¢ g GL°0 61°0 0z 12 99 L9 P2 S 092 01 %' ¥1
YOV | fONVHEOIS | 20UV | 01§ | IN 0 IN
263 9, E) B i 9 ) OV | OIS B! IN ad AN 199§
ots a4 1 1 o a4 d 0 %Su 18101 ousb.mvcm so[dwres | (Judorad) JU9)U0D UOIN JO dFUBY
JO U0 | 9100 [LI | O WquInN

(3ugorad) uorrsoduro)y

'$APOUL JUILI 1Y

Jo spisodap uoup

[pooeds A[PpIm a1e yoIyM ‘L9-¢9 SI[OY [[LIP UIOJ] 9109 SPM[OUT JOU Op SISA[eUY]

YSDAL AJUROD SDILIIL ‘DIAD L2A1Y WNIH 1)
wWoaf $21AWDS 9L00-1114P [0 JUJUO0I DUWWR]D PUD ‘DIS ‘WNIWOLYI “QIYOIU *UOLL IODUIAF—'F TIAV ],



CLE ELUM RIVER NICKELIFEROUS IRON DEPOSITS 53

TABLE 3.—Range of chemical composition of drill-core and surface samples from
the Cle Elum River nickeliferous iron deposits, Kittitas County, Wash.

Range of composition (percent) Number of samples

Constituent Drill-core samples ( Surface samples
Drill-core Surface

samples samples
Minimum | Maximum ’ Minimum | Maximum:"

Fe ... [ 14.41 55. 60 16. 44 55.32 238 78
Nio el .05 2.46 .14 1.82 238 25
. 3.55 .18 4.06 238 48
. 6 4.3 48.5 233 56
.5 7.4 50.7 233 49
. 580 Trace . 096 59 17
. 690 . 019 .170 59 20
. Trace 1.22 46 49
1 3.33 oo 4
89 4.33 | _ 10
28 82 |- 4

SERPENTINE BENEATH THE IRON DEPOSITS

Analyses of 139 samples from 1,107 feet of drill core from the
serpentine beneath the iron deposits average 0.63 percent nickel,
ranging from a trace to 1.94 percent. Of the samples analyzed from
52 of the 57 holes drilled, those from 26 holes (nos. 6-9, 12, 14, 15,
20, 22, 24, 28-31, 33, 34, 36-38, 46, 49, 52, 54, 58, 64, and 65) had
a nickel content higher than the average, and those from 10 holes
(nos. 7, 9, 12, 22, 28-31, 36, and 46) had a nickel content of more
than 1 percent. From the samples showing a nickel content higher
than average, the Bureau of Mines selected 18 for iron analyses of
the serpentine. These analyses showed that the 18 holes (nos. 7-10,
12, 15, 22, 28-33, 36, 37, 49, 52, 54) had an average content of 12.44
percent iron and 1.11 percent nickel, whereas the iron-deposit samples
from the same holes average 40.81 percent iron and 0.82 percent,
nickel. Analyses of serpentine from holes 22, 23, and 29 were made
in order to indicate the probable content of various other constituents
in the serpentine. The average percentages of constituents shown
by these analyses are Fe, 11.9; Ni, 1.0; Cr,0;, 0.7; SiO,, 36.4; ALO;,
4.0; Ca0, 0.8; and MgO, 28.3.

SIMILARITY TO CUBAN DEPOSITS

The Cle Elum River iron deposits are strikingly similar to the
Cuban lateritic' iron deposits, not only in general composition but
also in the variation of the principal constituents, as is well shown
by table 4 and figures 23 and 24. Chemically, the type is almost
unique among iron deposits in North America.

945246—52—3
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PERCENT Fe, Al,03, AND SiO,

— N o N o o
o o o o o o
1 { 1 { 1 1
Average Cle Elum River, Washington, iran depasits
Fe, 40.86 Al;03,16.48 5i02,896
i Average Moa, Cuba,iron depasits
Fe, 41.32 Al03,14.81 [Si0p722
Average Cle Efum River, Washington, iron deposits
. Cr, .64 Ni, 0.84
Average Moa, Cuba,iron depasits
Cr, 1.58 Ni and Co, 0.80
s 5 L T T
o © o ) o

PERCENT Cr,Ni, AND Co

FicuRE 23.—Graphs showing the average chemical composition of the Cle Elum River
nickeliferous iron deposits, Kittitas County, Wash., and the Moa iron deposits of Cuba.

TABLE 4.—Average chemical composition of the iron deposits of the Cle Elum
River area, Kittitas County, Wash., and those of Moa and Mayari, Cuba

Cle Elum River { Moa deposits ! | Mayari deposits?

Constituent deposits (percent) (percent) (percent)
40. 86 41.32 46.03
8.96 7.22 5. 50
16.41 14.81 10.33
1.64 1.58 1.73
.84 3,80 Not stated
. 052 .012 .015
1 Cox, 1911.
2 Spencer, 1907.

'3 Combined Ni and Co.

ORIGIN

The geology and the chemical composition of the iron deposits indi-
cate clearly that they were derived from the serpentine of the area, and
earlier writers are in general agreement about this point. It also
seems generally agreed that a residual iron-rich laterite was formed
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upon the serpentine, but on other matters several authorities hold
differing opinions. On the question of whether the present deposits
are chiefly residual laterite, Kimball (1898, pp. 161-162), Zapffe (1944,
pp. 7-8), and Broughton (1944, p. 11) disagree. Broughton ap-
parently regards the fine-grained material of the Cle Elum River de-
posits as chiefly residual. Spencer (1908, pp. 325-827) and Lupher
(1944, pp. 33-39) differ on whether the deposits are chiefly reworked
laterite that was transported for short distances and laid down as an
alluvial or colluvial deposit. Whether the deposits are composed of
appreciable amounts or both types of material, either one of which may
predominate locally, is not determined in two papers (Smith and Wil-
lis, 1900, pp. 362-363 ; Smith and Calkins, 1906, p. 14). Lupher (1944,
pp. 7, 12, 25, 33) has suggested that the iron-bearing beds consist
chiefly of transported clastic material that was deposited before the
Swauk formation originated and that the fine-grained iron-bearing
beds along the Cle Elum River and eastward, together with coarse
conglomeratic beds in the Blewett area, should be termed the “Cle
Elum formation.”

In the Cle Elum River area, the surface relationships are not clear
enough to justify, in themselves, any conclusion regarding the rela-
tive amounts of residual and transported material composing the iron
deposits. Hence these relationships must be supplemented by the
information obtained from drilling, from chemical analyses, and from
microscopic study. Neither the drilling results nor the core-sample
analyses were available to previous investigators. Zapffe was the only
one who did any extensive microscopic work, and he had no oppor-
tunity to obtain the variety of information disclosed by drilling.

Information obtained by recent work in the area and by microscopic
study leads the present authors to conclude that the major part of the
iron deposits probably had a residual origin and that the material was
formed chiefly in place. The principal features leading to this con-
clusion are (1) the gradation of the iron deposits downward into
serpentine, (2) the mineralogy of the deposits and the arrangement
and shape of the constituents, and (3) the chemical composition of the
deposits, especially the chemical distribution from top to bottom.

Megascopically, the basal part of the iron deposits has a layered
appearance, which nmight be interpreted as bedding, and the contact
with the underlying serpentine appears to be sharp. However, micro-
scopic examination indicates that the lamination is partly the result
of shearing, and the contact between the iron deposits and the serpen-
tine is gradational at most places, although the gradational zone is
narrow. Such gradation is indicated, also, by the few chemical anal-
yses that are sufficiently detailed and by the relatively high amount of
iron in the upper part of the serpentine.

The principal minerals of the deposits (magnetite, cliachite, dia-
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material to about 40 percent of the total but alters the average compo-
sition to 46.1 percent iron, 1.0 percent nickel, and 2.6 percent chromic
oxide (table 7). Separation of the inferred iron deposits into cut-off
grades shows similar amounts and compositions (table 8).

TaABLE 6.—Measured and indicated iron deposits, Cle Elum River area, Wash.,
in groups based on range of iron content

Average composition (percent)
Range of iron content (percent) Short tons | Lereent
of total
Fe Ni Cr:03
1441t024.99 ___________ ... 21.16 0.31 1.15 260, 000 6.8
25.00 to 29.99____ 27.48 .31 1.53 250, 000 6.4
30.00 to 34.99___. 32.63 .58 2.05 390, 000 10.2
35.00 to 39.99____ 37.36 .62 2. 54 510, 000 13.2
40.00 to 44.99____ 41.71 .83 2. 60 910, 0600 23.7
45.00 to 49.99 .__ 47. 64 1.09 2. 66 1, 160, 000 30.1
50.00 £0 55.60 .- __ oo 51. 59 1.17 2.72 370, 000 9.8
1441t055.60. ... _______________ 40. 64 .82 2.39 | 3,850,000 100.0

TABLE 7T.—Measured and indicated iron deposits of various cut-off grades, Cle

Flum River area, Wash.

Average composition (percent)
Cut-off grade Short tons

Fe Ni Cr:03
14 percent Fe ... 40. 64 0.82 2.39 3, 850, 000
25 percent Fe. 42,19 .86 2.49 3, 590, 000
30 percent Fe_ 43. 39 .90 2. 56 3, 340, 000
35 percent Fe_ 44.74 .97 2.63 2, 950, 000
40 percent Fe_ 46.13 1.01 2. 64 2, 440, 000
45 percent Fe_ 48. 58 11t 2,67 1, 530, 000
50 percent Fe_. ol 51. 59 117 2.72 370, 000

TABLE S.—Inferred iron deposits of various cut-off grades, Cle Elum River area,

Wash.
Average composition (percent)
Cut-off grade Short tons

Fe Ni Cr:03
14 percent Fe______ ... a1.17 0.86 2.34 2, 400, 000
25 percent Fe._______ ... ... 42.24 .90 2.39 2, 260, 000
30percent Fe______________________ 43.26 .93 2.44 2, 130, 000
35percent Fe_._____ .. __________ 45.49 1.01 2. 51 1, 530, 000
40 percent Fe_ 46. 98 1.07 2. 56 1, 200, 000
45 percent Fe. 48. 78 118 2.59 920, 000
50 percent Fe______________________ - 51,73 1.23 2.75 480, 000

Computations were made to determine the extent to which grades
and amounts of iron deposits would be changed by omitting all mate-
rial shown to have a vertical drilled thickness of less than 8 feet.
This shows a reduction of 200,000 to 300,000 short tons in each cut-off
grade of less than 35 percent iron and practically no difference in
the average compositions of the various grades.

Separation of the iron deposits into grades based on various cut-off
percents of nickel shows that much of the measured and indicated
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material contains more than the average content of nickel, chromic
oxide, and iron. A cut-off grade of 0.85 percent nickel shows that
57 percent of it contains an average of 1.1 percent nickel (table 9).

TABLE 9.—Measured and indicated iron deposits, Cle Elum River area, Wash.,
containing more than average nickel content

Average composition (percent) }
Cut-off grade i Short tons
Ni Cr:0s Fe }
0.85 percent Ni_______ ... 1.09 2.64 45.8 2, 200, 000
1.00 pereent Ni_. o .. 1.16 2.67 46.3 1, 600, 000
1.20 perecent Ni.____ .. .. 1.30 2.65 45.0 500, 000

AREAS CONTAINING HIGHEST-GRADE DEPOSITS

The two areas that contain the principal outcrop belts of iron
deposits were the ones most closely drilled; hence they contain the
major part of the measured material. The northern area (pls. 9,
10) contains 1,000,000 short tons of material averaging 42.5 percent
iron and 0.7 percent nickel, and the southern one contains 1,300,000
short tons of material averaging 41.7 percent iron and 0.9 percent
nickel. The serpentine underlying these areas contains 0.7 percent
nickel to an average depth of 20 feet. The iron deposits in each of
them are among the thickest drilled, and they are covered by a rela-
tively thin overburden. Probably 1,000,000 short tons of material
could be recovered by open-pit mining. More complete information
about these two areas is contained in table 10. They are connected
by another area that contains only thin deposits of lower-grade
material (table 10).
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AREA WEST OF THE CLE ELUM RIVER

Drilling to the west of the Cle Elum River demonstrated that iron
deposits are present for a considerable distance down dip and that
the grade is about the same as it is in the corresponding area east of
the river. However, down dip from the southern area, the deposits
are thinner. Table 11 compares the deposits penetrated by holes 64
and 65 with those in the southern area east of the Cle Elum River and
the deposits penetrated by holes 66 and 67 with those in the covered
area connecting the southern and the northern outcrops east of the
river (pl. 10).

TABLE 11.—Comparison of iron deposits penetrated by holes 64 and 65 and
holes 66 and 67 with those in the southern and connecting areas east of the
Cle Elum Rirer, Kittitas County, Wash.

Drilled Average composition (percent)
thickness
of iron de-
posit (feet) Fe Ni ‘ Cr:03 | SiO; | AlOs 8 P
Hole64 __________ ... 16.5 | 42.97 0.98 2.46 7.1 13.9 0.07 0.04
Hole 65__ ... ..o .. 1.7 | 43.40 .93 2.56 8.9 13.7 .04 .04
Average of southern area_.______ 21.4 | 41.74 .91 2.51 8.5 15,5 .14 .05
8.7 35. 58 0.88 2.21 13.2 15.9 0.05 0.05
6.0 | 30.02 1.06 1.94 19.6 12.7 L11 .07
8.3 3b. 02 .74 1.70 12,9 21.4 .19 .07

CONDITIONS AFFECTING MINING

Open-pit mining would be limited chiefly to the two principal out-
crop areas (pls. 9, 10; table 10). Roughly 1,000,000 short tons of
material is above river level in those areas—approximately 700,000
short tons in the northern area, at an average depth of 45 feet, and
300,000 short tons in the southern area, at an average depth of 20
feet.

Underground mining might prove troublesome and expensive, in-
volving possible problems of water, rock character, and rock struc-
ture. Water may enter mine workings from springs issuing from
alluvial deposits east of the iron deposits. Underground workings
would extend beneath and to the west of the Cle Elum River, down
the dip of the formation, and this might cause further trouble from
water. The hanging wall of the iron deposits, composed of material
of the Swauk formation, is relatively strong except along faults, but
the serpentine footwall is sheared and weak and is likely to yield
easily. Faults will cause difficulties, not only because of mashed and
shattered zones, but also because they result in a lack of continuity
in the iron deposits. Both thrust and normal faults are relatively
abundant near the Cle Elum River.
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