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FOREWORD

The Sultan Basin area of Snohomish County has held the interest
of prospectors and miners for more than 70 years, yet, strangely
enough, very little authentic information has been available to the
public on the general geology or on the characteristics of the mineral
occurrences. Although only about 30 miles airline from tidewater,
the area has always been very difficult of access. A county road
now reaches the lower part of the basin, and formerly two privately
built roads served properties within the basin, but transportation
is still a major problem in any development program. If produc-
tion were assured, it is probable that roads would be built; but lack-
ing roads the development work that is the prerequisite to produc-
tion is greatly handicapped if not prevented. This deadlock has yet
to be solved.

The first mining claim in the basin to be recorded was staked in
1874; since then hundreds of claims have been filed. Many min-
eral showings have been extensively prospected; a few have had
considerable development work done on them; and four properties
have records of production. Under the circumstances, it is under-
standable that rumors should multiply and that vague or contra-
dictory reports should obscure factual data on geology and ore
deposits. The field investigations upon which this report is based
were made in an effort to resolve the many confusing statements
and provide basic information on mineral occurrences. A study of
the geology of the area was, of course, a necessary preliminary. It is
hoped that the data presented will prove useful in geologic correla-
tions between this and adjacent areas and aid in future prospecting
and development. The area has very definite production possibil-
ities and warrants the attention of mining interests.

SHELDON L. GLOVER, Supervisor
Division of Mines and QGeology






GEOLOGY AND ORE DEPOSITS OF THE SULTAN
BASIN, SNOHOMISH COUNTY, WASHINGTON

By Warp CariTHERS AND A. K. Guagrp

INTRODUCTION

LOCATION AND ACCESSIBILITY

The Sultan Basin, as referred to in this report, is the part of
central Snohomish County that lies in the upper drainage area of
the Sultan River (fig. 1). Early maps suggest that the name ‘Sultan
Basin’ has been applied to only a confined section of this area where
several tributaries join to form the main trunk of the river; but
miners, prospectors, and others have generally referred to the Sultan
Basin as being the entire upper drainage basin, and in this more
popular sense the name is used herein. This area is on the western
flank of the Cascade Range within the Puget Sound drainage basin.
Geographically, it is approximately between latitudes 47° 55" and
487 03’ and longitudes 121° 28" and 121° 42, It is an area of about
72 square miles, comprising the northeastern part of the Sultan
mining district. Surrounding the basin on the north, east, and
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Ficure 1—Index map of Washington showing location of the Sultan Basin.
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south are the Silverton, Monte Cristo, Silver Creek, and Index min-
ing districts. Sultan, the nearest settlement, is a town of about
1,000 population situated 12 miles southwest of the basin on the
main line of the Great Northern Railway and on the Stevens Pass
highway, U. S. 10A, 25 miles east of Puget Sound. From Sultan,
a good road, macadamized for the first 2% miles, leads into the basin
through Olney Pass. The road then follows up the North Fork of
the Sultan River, and in 1943 was passable nearly to the head of
this stream. During the winter of 1943-44, however, a flood washed
out portions of the last 4 miles of the road. An uncompleted
branch road extends from Olney Pass up the South Fork of the
Sultan River for about 2% miles. Trails lead from the roads to
other sections of the basin. There are no permanent residents in
the basin, but several cabins are occasionally occupied during the
summer months.

FIELD WORK AND ACKNOWLEDGMENTS

Most of the field work for this report was done in the summer
of 1943, from July 19 to September 23; two additional weeks in 1944
were spent in and around the basin to gain additional information.
Generous cooperation was given by the people who are interested
in the mining properties of the basin, and particular thanks are due
Mr. and Mrs. Harry Rudebeck, Messrs. Forrest E. Wing, Noah Ber-
ridge, C. F. Smith, Nate Jones, and George Startup for their
courtesies. Bob Curtiss, acting as guide during three weeks of 1943,
was of assistance to the writers in familiarizing them with trails
and locations of several properties of the area. The authors are
indebted to Sheldon L. Glover and W. A. G. Bennett, Supervisor
and Geologist respectively, of the Division of Mines and Geology,
for their generous counsel and aid in the preparation of the report.

SCOPE OF THE REPORT

The study of the Sultan Basin was devoted primarily to the
mineral deposits, and so the present report deals chiefly with the
mines and prospects of the area. The general geology was con-
sidered for its relation to the ore deposits, but the details of the
complex stratigraphy and the correlation of some Sultan Basin
formations with those in other areas are phases of the geology
which will require further investigation.

SOURCE OF MAP DATA

The areal geology of the Sultan Basin was mapped by the writers
and is shown on plate 1. The base and topography of this map
was adapted from the Sultan, Stilaguamish (Stillaguamish), Sky-
komish, and Glacier Peak quadrangles of the U. S. Geological Sur-
vey. These join at a common point in the basin. The positions of
claims and other data shown were taken from a variety of sources,
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including U. S. Forest Service maps, Chas. F. Metsker’s Snohomish
County Atlas, maps furnished by claim owners, and field observa-
tions. In several instances, data from these sources were contra-
dictory, and it was necessary to adjust the map according to condi-
tions observed in the field. In cases of contradictory positions of
legal boundaries, compromises were made. The maps of most
underground workings, shown in the various figures, were based
on surveys made by the writers with Brunton compass, pacing,
and taping.
SELECTED BIBLIOGRAPHY

There are few published reports that deal specifically with the
geology and mines of the Sultan Basin. Some geologic reports have
been published that cover part of the area adjacent to, or near, the
basin, and following is a selected list of publications that give data
pertinent to the area studied:

SPuURR, J. E., The ore deposits of Monte Cristo, Washington: U. S. Geol. Sur-
vey 22d Ann. Rept., pt. 2, pp. 777-888, 1901. A paper presenting a detailed
geologic description of the area and mines in the district east of the Sultan
Basin. Spurr concluded that the Monte Cristo ore deposits were deposited
in fractures within the country rock from descending surface waters.

Tuyne, W. S., Stilaguamish district; Monte Cristo district; Silver Creek dis-
trict; Index district; in Landes, Henry, and others, The metalliferous re-
sources of Washington except iron: Washington Geol. Survey Ann. Rept.
for 1901, pt. 2, pp. 63-82, 1902. Brief reports of the mines, and general
statements regarding the geology of the area surrounding the Sultan Basin.
A few paragraphs describe the 45" mine and the Little Chief prospect.

WEeaveR, C. E., Geology and ore deposits of the Index mining district: Wash-
ington Geol. Survey Bull. 7, 1912. A report on the geology and mines of
the area south of the Sultan Basin. The ore bodies are described as being
chiefly enclosed in granodiorite, the predominant rock in the district.
This igneous body, which is regarded as Mesozoic in age, intrudes the
Gunn Peak metamorphic series of probable Carboniferous age, and both
these rocks are overlain by Tertiary volcanic and sedimentary formations.

Parry, E. N., The metal mines of Washington: Washington Geol. Survey
Bull. 23, pp. 279-289, 1921. A brief statement of the geology in the Index
and Sultan districts, and descriptions of the Kromona, ‘457, Mystery
(Mountain Cedar), and Sultan (Sultan King) properties.

BroucrTOoN, W. A., Inventory of mineral properties in Snohomish County,
Washington: Washington Div. Geology Rept. Inv. 6, pp. 46-50, 1942,
A brief statement of the geology, and a catalogue of the mines and prospects
in the Sultan district.

PHYSIOGRAPHY

TOPOGRAPHY
The Sultan Basin is on the western edge of the northern Cas-
cade Range and exhibits the bold, rugged topographical features of
this region. Altitudes range from 1,200 feet on the Sultan River in
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the lower part of the basin to more than 5,000 feet on many of the
peaks and ridges. Del Campo Peak, on the eastern rim of the basin,
is 6,550 feet in altitude, the highest point in the district. Many of
the peaks of the basin are spectacular pinnacles connected by sharp,
narrow ridges which descend abruptly to the valley floors. In some
places the mountains are cut by narrow gorges through which snow-
fed streams cascade.
DRAINAGE

The drainage of the upper Sultan River is roughly semicircular
in area. It is separated from the Stilaguamish, Sauk, and Sky-
komish drainages by steep, sawtooth ridges on the north, east, and
south, and from the Pilchuck River drainage by a low ridge on the
west. Four principal streams—Elk Creek, Williamson Creek, and
the North and South Forks—converge to form the main trunk of
the Sultan River in the lower part of the basin. Here, the valley
floor is relatively broad in contrast to the narrow valleys of the four
tributaries. At the lower end of this valley, the river leaves the
basin and plunges abruptly into a constricted canyon through which
it flows to its confluence with the Skykomish River at Sultan, 16
miles down stream. A few miles below the basin, part of the river
is diverted for the municipal water supply of the City of Everett;
laws governing sanitary conditions in regard to water pollution are
therefore strictly enforced within this drainage area.

CLIMATE AND VEGETATION

The climate of the Sultan Basin is typical of that prevailing in
the western Cascades. Owing to the extreme difference in alti-
tudes, the region presents a wide variation in weather conditions.
The average temperature in the valleys is moderate, both summer
and winter, and is only slightly below that recorded on Puget
Sound. On the higher peaks and ridges the temperature is, of
course, lower. No climatological records are available for the
basin, but the following table® shows mean temperatures for Sil-
verton, Monte Cristo, and Startup. Temperatures of the lower part
of the basin may be expected to be about the same as those given
for Silverton.

Mean temperature by months and mean annual temperature

Station D |.Iz|t|. Feh, Mar. | April May June| July | Aug. Sept. Oct.  Nov.| Dec.  Annual

Silverton ....(11) | 3.0 | 36.0 | 41,0 | 45.4 | 51.6 52.0 | .2 | 0.2 | 4.8 47.2 | 29.6 | 33.4 6.7
Monte Cristo (4) | 33.6 | 31.9  36.6 | 40.9 45.9% 52.8 | 61.0 | 63.0 | 53.8  50.8  35.4 | 35.6 | 45.4
Startup ...... (7) [ 37.2 | 42.8 | 46.0 | 52.1 | §6.8 61.0 | 65.2 | 4.4 | 5.2 530 | 4.7 | 30.8 | 51.8

1 Figures in parentheses indicate the number of vears recorded.

@ U. S. Dept. Agr. Weather‘.Bur‘,. Climatic summary af_ti‘l_e United Sfa_i;es. seg. 1,
Western Washington, to 1930, pp. 23, 24, 1931.




Physiography 11

Humid westerly and southwesterly winds that move in from the
Pacific Ocean drop considerable rain when rising over the high rims
of the basin; some of the precipitation falls during the winter
months as snow, which blankets the higher elevations from Novem-
ber until May. A few of the highest peaks and ridges retain iso-
lated patches of snow throughout the year. The following tables®
give precipitation data from stations at Silverton, Monte Cristo, and
Startup.

Precipitation, average monthly and annual
(in inches and hundredths)

Station @ Jan,  Feb, Mar. April| May | June| July | Aug. Sept.| Oet. ' Nov.| Dec. | Annual
Silverton ....(17) | 13.4 058 684 504 | 540 353| 168 ] 270 ?,U{Flll.ﬂ&') 15.16 | 11.85 | 93.45
Monte Cristo (5) | 1512 154 1003 | 826 875 6.40 175 | 072| 5.97| 6.55 | 17.80 I 21.60 | 118.51
Startup ...... (M | 674 607 |;_-34| 417 873 2.88| 053 2.05| 858| 7.24| 4.88| 8.04 | 56.10

|

@ Figures in parentheses indieate the number of years recorded.

Snowfall, average monthly and annual
(in inches and tenths)

Station@ |.l:m. Feb., Mar. | April May | June| July  Aug. | Sept. Oel.|Nnv" Dee. | Annual
= L e 2 |

Silverton ....(11) | 22.4  15.8 | 4.8 3.6 0.5 0 [ 1] 0 0.7 4.3 | 3.7 §7.8
Monte Cristo (4) | 4.5 | 4.5 | 70.2 | 59.1 | 13.2 | 2.8 (i} 0 0.7 2.6 4.7 120.2 | 442.4
| |
Startup ...... (7N 4.4 1.0 | 2.9 1.1 0 1] 0 0 0 0| 0.9 b.1 16.3
@ Figures in parentheses indicate the number of years recorded.

A lush growth of vegetation covers the valley floors and slopes.
Most of the area below 3,500 feet, where not too steep, supports
western hemlock, Douglas fir, noble fir, western red cedar, and,
rarely, western white pine and western yew. Above 3,500 feet the
timber is less thick and is mostly alpine spruce, alpine fir, and
Alaska cedar. The timber line is about 5,000 feet in altitude. Brush
also grows luxuriantly in the basin and makes travel off the trails
and roads difficult; devil’s-club, huckleberry, salmonberry, and vine
maple are the most common types.

GLACIATION

The work of ice played an important part in the development of
the present topographic features of the Sultan Basin. In Pleistocene
time, when the mountain glaciers of the Cascade Range were mov-
ing westward and eastward from the mountains into the lowlands,
four glaciers, fed by smaller lateral tongues, moved down the forks

(i) Op. cit., pp.15, 19, 20, 23.
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of the Sultan River, coalesced in the lower part of the basin, and
pushed on westward toward Puget Sound through what is now the
valley of the Pilchuck River. U-shaped valleys, cirque lakes and
basins, and a few small hanging glaciers remain as evidence of this
ice activity.

Continental glaciation, as well, has modified the physiographic
features of the area. A deposit of glacial debris forms the low ridge
that separates the Sultan from the Pilchuck River watershed. This
is apparently a remnant of the terminal moraine of an ice front
that was thrust up into the basin from the west. Early writings by
Willis and Smith® and by Bretz © suggest that the Pleistocene
glaciers of the Cascade Range extended out into the Puget Sound
Basin and merged with the Puget ice sheet, forming a great pied-
mont glacier. But more recent work by Mackin® shows that at
least several of the mountain glaciers of the Cascades were on the
wane and had receded from the lower parts of the valleys when the
last continental ice sheet invaded the Puget Sound region. Mackin™
states that “tongues of the Puget glacier * * * pushed up into
every major valley along the Cascade front between the Nisqually
and the South Fork of the Stilaguamish, and morainal blockades
occur in each valley.”

Field observations indicate that prior to the invasion of this Puget
ice sheet, the present outlet of the Sultan Basin had not yet been
established, and the drainage of the Sultan River and the move-
ment of the basin’s mountain glaciers were westward through what
is now the Pilchuck River Valley. When the Puget Sound Basin
was invaded by the final Pleistocene ice sheet, after the recession
of the mountain glaciers, a tongue of ice was thrust up into this
Sultan-Pilchuck Valley, damming it with ice and morainal ma-
terial. As a result, water of the Sultan River and from the melting
ice front was impounded behind this dam, forming a lake that ex-
tended back into the Sultan Basin for several miles. The elevation
of the surface of this body of water was at least 1,600 feet above sea
level, as indicated by lacustrine beds of glacial silt 15-25 feet thick
which occur on the present valley floor up to this altitude. This
glacial lake drained westward, and the ice lobe forced the water to
flow along the north flank of Blue Mountain, superimposing a new

1) Willis, Bailey, and Smith, G. 0., U, S. Geol. Survey Geol. Atlas, Tacoma folio
(no. 54), 1899,

% Bretz, J H., Glaciation of the Puget Sound region: Washington Geol. Survey
Bull. 8, pp. 221-225, 1913.

@ Mackin, J. H., Glacial geology of the Snogqualmie-Cedar area, Washington: Jour.
Geolog)_'. vol. 49, pp. 449-481, 1941; A geologic interpretation of the failure of the Cedar
reservoir, Washington: Univ. of Washington Eng. Exp. Sta. Bull. 107, 1941,

A Idem (Bull. 107), p. 30,
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channel thereon. An enormous volume of debris-laden water
probably flowed through this channel during the ice-melting stages,
and its erosive action was sufficient not only to eventually drain the
glacial lake but also to establish this as the permanent outlet of the
basin.

During the active stages of the Sultan-Pilchuck ice lobe, con-
siderable detritus was, no doubt, discharged into the valley that it
blockaded. Much of this material has been reworked by the Sultan
River, and the former morainal blockade is now represented by the
gravel ridge between the lower Sultan Basin and the upper Pil-
chuck River, and by deposits of gravel that occur on the south slope
of Bald Mountain.

It is not known whether the river, in the lower part of the basin,
has yvet eroded completely through the morainal blockade and down
to the level of the original Sultan-Pilchuck channel. If this old
channel lies below the present stream level, conditions might be
adverse for the use of the Sultan Basin as a water reservoir. If
water were impounded behind a proposed dam in the canyon below
the basin and raised to a level that would inundate the lower
Sultan Basin, seepage might occur through the old gravel-filled
channel into the Pilchuck River Valley. The failure of the Cedar
River reservoir in King County is due to a somewhat similar geo-
logical condition. Testing for the position of bedrock in the lower
part of the basin could easily ascertain whether or not this ad-
verse condition exists.

Another interesting economic aspect of the glacial history of
the Sultan River concerns the placer-gold deposits that occur sev-
eral miles below the basin along the lower part of the river. Since
about 1880, small-scale placer operations have recovered several
thousand dollars in gold from these gravels, and there has been
some conjecture as to the source of the metal. It is known that
small amounts of gold occur in the glacial tills of the Puget Sound
region, and if the authors’ interpretation of the Pleistocene history
of the Sultan River is correct, a large share of the Sultan placer gold
came from the re-working by the river of the morainal material
that occupied the old Sultan-Pilchuck Valley. Apparently a large
volume of this debris was washed down through the Sultan River
Canyon, and the gold could have been naturally concentrated along
the lower portions of the canyon where the gradient is less.

GEOLOGIC FORMATIONS

The oldest formation recognized in the Sultan Basin is an ex-
tensive and complex series of metamorphosed rocks considered to
be of Paleozoic age. This formation is overlain by a vounger series
of continental beds—conglomerates, sandstones, and argillites—and
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is intruded by peridotite which is almost completely serpentinized.
These formations are intruded by a batholith of quartz diorite
which crops out over a large part of the basin. Unconsolidated
morainal material and thin deposits of lacustrine clay occur on the
valley floors as a result of Pleistocene glaciation. (See pl. 1.)

BEDDED ROCKS
OLD METAPHORPHIC SERIES

A thick series of metamorphosed rocks, the oldest and most ex-
tensive formation, is here called the ‘old metamorphic series’, a
term generally applied to a widespread and similar group of old
rocks in western Washington. This series occupies slightly more
than half the basin area, cropping out over most of the northwestern
part, and extends into adjacent areas except along its southeastern
border where it has an irregular contact with a batholith of in-
trusive biotite-quartz diorite.

The old metamorphic series of the basin is composed of beds of
hornfelsic biotite siltstone, argillite, quartzite, schist, serpentine
schist, conglomerate, and recrystallized limestone. No volcanic
members were recognized but may be present. The stratigraphy
of the formation is highly complex, and the relationship of the
various members is not known. The beds strike rather consistently
N. 57-20” W. except in the extreme western part of the basin where
they trend more westward. Dips are generally steep and alternate
in direction from east to west, suggesting a succession of tightly
folded and truncated anticlines and synclines.

The series presents a variety in degrees of metamorphism. In
areas that are in close proximity to the quartz diorite batholith, a
hornfelsic character is common, and considerable alteration and
contortion has occurred. Long, drawn-out pebbles in the con-
glomeratic members as well as intense crinkling of finer-grained
beds are usual features. Alteration has resulted in the formation
of secondary minerals. Petrographic studies show that finely
divided biotite and cloudy irregular crystals of plagioclase, both of
secondary origin, are particularly characteristic of the hornfelsic
phases. Considerable quartz is usually also present, and some beds
are, in fact, quartzite. To the west of the quartz diorite contact,
the metamorphism of the series diminishes, and the rocks are dark-
colored coarse- and fine-grained argillaceous types interbedded with
thin layers of quartzite. In the Olney Pass region the rock is black
slaty argillite, interbedded with black and greenish-gray schist.
Some of these members are not excessively altered, and bedding is
commonly well preserved. The lesser degree of metamorphism
shown by some of these rocks probably accounts for a part of them
having been assigned to the Mesozoic age on the State geologic
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map.? The writers, however, regard the series as being a part of
a large complex group of Paleozoic rocks that extends northwest-
ward from Kittitas County through Chelan, Snohomish, Skagit,
Whatcom, and San Juan Counties into British Columbia. In Wash-
ington, some parts of this widespread group have been described:
The Peshastin formation in the Mount Stuart area, by G. O. Smith;®
the Maloney series in the Skykomish River Basin, by W. S. Smith;®
the Gunn Peak series in the Index district, by Weaver;® and the San
Juan series in the San Juan Islands, by McLellan.®

The Gunn Peak series resembles the old metamorphic series of
the Sultan Basin, and they are probably the same formation. The
series extends from the basin area into the Index district and con-
tinues southward at least as far as the Skykomish Valley east of
Gold Bar. Weaver suggested, on lithologic evidence, the correlation
of the Gunn Peak series with the Carboniferous Cache Creek series®
of British Columbia, and also with a similar formation near Granite
Falls. The latter is regarded as being Carboniferous in age on the
basis of fossil foraminifera. The Sultan Basin old metamorphic
series can reasonably be considered to have been deposited some-
time during Paleozoic time, and possibly further study, especially
of the limestone members, would reveal fossils that may identify
the rocks with a more definite geologic period.

CONGLOMERATE-ARGILLITE SERIES

The conglomerate-argillite series is composed of beds of quart-
zitic conglomerate, fine- and coarse-grained quartzitic sandstone,
and argillite. These beds trend along the peaks and ridges that
form the eastern rim of the basin from Hard Pass in the southeast
through Crested Buttes, Gothic Peak, Headlee Pass, and to Sperry
Peak. North of Sperry Peak, the series does not appear on the rim
of the basin, being interrupted by quartz diorite, but it was observed
outside the basin area on the north side of Big Four Mountain.
These rocks also continue eastward and were observed in the Silver
Creek and Weden Creek areas adjacent to the basin. No outcrop
of the conglomerate-argillite series was found in the basin west of
the eastern rim, but one large block of conglomerate occurs on a
high bench above and west of the South Fork of the Sultan River in
about the center of the NW4 sec. 2, (28-9E).©® This, no doubt,
was placed there by glacial action.

() Division of Geology, Preliminary geologic map of Washington, to accompany
Part 1, Bull. 32, 1936.

@ Smith G. 0., U. S. Geol. Survey Geol. Atlas, Mount Stuart folio (no. 106), pp. 3-4.
1504,

@ Smith, W. 8., Stratigraphy of the Skykomish Basin, Washington: Jour. Geology.
vol. 24, pp. 562-563, 1916,

@ Weaver, C. E., Geology and ore deposits of the Index mining district: Washington
Geol. Survey Bull. 7, pp. 35-38, 1912,

® McLellan, R. D., The geology of the San Juan Islands: Univ. of Washington pub-
lications in geology, vol. 2, pp. 91-94, 1927,

@ Dawson, G. M., Report on the area of the Kamloops map sheet, British Columbia:
Canada Geol. Survey Ann. Rept., new ser. 7, pp. 39B-49B, 1896,

@ Township 28 North, Range 9 East,
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One of the best sections of the conglomerate-argillite series occurs
on the rugged west face of Gothic Peak, where about 2,600 feet of
the series is exposed above its contact with intrusive quartz diorite.
Here, the quartzitic conglomerate and sandstone constitute most of
the outcrops and the argillite represents probably less than 15
percent. The series is very resistant to weathering, and steep cliffs
are characteristic. The conglomeratic phase of the series contains
well-rounded to subangular pebbles and boulders of varicolored
cherty material and quartzite. Gray, light-green, and white pebbles
are most common, but black, pink, and light-purple pebbles occur
in some places. The cementing matrix appears to have been com-
pletely recrystallized. It is generally light- or dark-gray quartzite,
but some phases are arkosic, dark green to almost black in color,
and contain amphibole and feldspar. The rock is very well con-
solidated and breaks without regard to the outlines of the pebbles.
The quartzitic sandstone varies from light-gray sugary-textured
material to dense dark-colored quartzite which breaks with a con-
choidal fracture. The composition is principally quartz and minor
amounts of feldspar, muscovite, and some mafic minerals. In places
the quartzitic sandstone is distinctly varved and occasionally ex-
hibits cross bedding. The argillite is dark gray to black, very dense,
and usually somewhat platy.

The structure of the conglomerate-argillite series presents in-
teresting features. The strike of the beds is fairly consistent along
the eastern rim of the basin; it ranges from N. 15° to 20° W., but
the dips change markedly. At the southern exposures, on Crested
Buttes, the beds dip from 35 to 45° eastward but become progres-
sively steeper toward the north until, at Headlee Pass, they are
nearly vertical. Four miles north of Headlee Pass, where the
formation is exposed on the north side of Big Four Mountain, the
sandstone and conglomerate beds dip 45°-60° SW. Here, they
appear to be overlain by the old metamorphic series, but this at-
titude is considered to be due to their having been overturned.

The contact of the conglomerate-argillite series with the quartz
diorite is exposed at several places east of the upper part of the
North Fork of the Sultan River on Crested Buttes, Gothic Peak, and
also north of Headlee Pass. This igneous rock roughly separates
the old metamorphic series from the conglomerate-argillite series,
and a definite contact between these two bedded formations was
not observed anywhere in the basin except in a small area on
Vesper Creek, where they are in apparent contact for a relatively
short distance and overlie the igneous rock. A contact between the
two series was also observed northeast of the Sultan Basin on the
steep north side of Big Four Mountain, where the beds are ap-
parently overturned. Here it is a 15- to 30-foot zone of dark
schistose rock along which movement has taken place, as indicated
by many slickensides and also by a dike that crosses the zone and is
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offset about 30 feet horizontally. The contact trends about N. 20° W.
and dips 50°-75° SW. The old metamorphic series, locally, consists
of dark-brown schistose material, quartzite, and lenticular masses
of conglomerate with squeezed, elongated pebbles. The con-
glomerate-argillite series contains no squeezed pebbles, shows no
shearing, and, on the whole, is considerably less metamorphosed.
The bedding of the two rocks appears to be conformable, but it is
possible that the indicated bedding of the old metamorphic
series is actually schistosity, and that the true bedding is obscured.
Limestone beds which might provide more dependable structural
data exist higher on the mountain, as indicated by float, but they
were not reached.

Also on the north side of Big Four Mountain, the conglomerate-
argillite series is in contact with a group of beds which include
fossiliferous argillite. This is exposed on the eastern wall of a
cirque about three-fourths of a mile south of Big Four Inn. The
contact strikes N. 10°-20° W., dips 807-85” NE., and is either a fault
or an unconformity. On the west side of this contact, the beds of
the conglomerate-argillite series also strike N. 10°-20° W. but dip
35°-45" SW. and are truncated at the contact. On the eastern side,
fossiliferous argillite interbedded with thin sandstone strata, lies
upon the truncated series. Stratigraphically above the argillite is
about 100 feet of massive sandstone, overlain in turn by at least 300
feet of conglomerate. These beds are similar to members of the
conglomerate-argillite series, except that they do not appear to be
so well consolidated. The fossils in the black fine-grained argil-
lite are leat and stem imprints. They are too fragmentary for
specific identification, but willow, oak, and elm are represented.
Such flora are not known to have been found in rocks earlier than
the Cretaceous period, suggesting, then, that the formation is
Cretaceous or younger in age.

The relationship between these continental beds on either side
of the contact is not clear. Movement has taken place along the
contact, but conflicting interpretations of other evidence do not
allow a conclusion to be reached as to whether or not it is also an
unconformity. If the truncation of the beds west of the contact is
due only to faulting, then the beds on both sides are of the same
formation and may be considered to be Cretaceous or younger in
age. But if the contact is an unconformity, the conglomerate-
argillite series of the Sultan Basin would appear to represent a
formation intermediate between the Paleozoic old metamorphic
series and a Cretaceous or younger continental formation. Further
stratigraphic work is obviously necessary to settle this question, and
it is believed that additional work in the area just east of the Sultan
Basin may solve the problem.
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QUATERNARY DEPOSITS

The Pleistocene deposits in the Sultan Basin are related to
glaciation. A large area in the western part of the basin is covered
by gravel, sand, and silt, apparently as a result of a lobe of the Puget
ice sheet invading the area through the Pilchuck River Valley and
discharging material as a narrow outwash plain. (See pp. 11-13.)
Blue-gray varved clay occurs at various places in the valley up to
an elevation of at least 1,600 feet and was deposited in a lake that
was impounded by the ice front. Smaller alpine-glacier deposits of
till occur in high basins at the heads of some streams.

Recent deposits are confined to stream bottoms and debris-
covered slopes, and many of the swift streams flowing off the steep
mountains are actively cutting into bedrock and depositing material
on the valley floors. In the lower part of the Sultan Basin, however,
it appears that the river has not yet cut completely through the
Pleistocene glacial deposit, and the river gravels in this area are
partly from the reworking of this material.

Talus areas are particularly characteristic of the more rugged
parts of the basin, and many slopes below cliffs are covered with
angular blocks as large as 20 feet in diameter.

IGNEOUS ROCKS
PERIDOTITE

Masses of igneous rock that were at one time peridotite but are
now largely altered to serpentine intrude the old metamorphic
series of the Sultan Basin. The largest body forms a zone 500 to
1,000 feet wide, and extends across the basin northwestward from
Red Mountain and probably continues into the valley of the South
Fork of the Stilaguamish River. At Red Mountain, the peridotite
is intruded by quartz diorite, and its existence southeast of this
point is not indicated. Smaller sill-like masses of serpentinized
peridotite are exposed near the summit of Bald Mountain and also
on its eastern slope. They appear to be intercalated with beds of
the old metamorphic series and are cut by the quartz diorite in
that area also. Distinct contacts between the old metamorphic
series and the serpentinized peridotite were not observed. Instead,
the peridotite appears to grade into the bedded rocks as if soaking
had occurred when the basic rock was introduced.

The color of the serpentinized peridotite varies from light green
to dark green and black, with the darker colors predominating. A
wide variation in texture is shown. The rock is very schistose in
some areas, but in others it is dense and compact with a waxy
luster on fresh surfaces. Slickensides are common and occasionally
show a small amount of slip-fiber amphibole asbestos. On the
Mountain Cedar property a zone of sheared, foliated soapstone
occurs, presumably as an alteration product of the peridotite.
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DIVISION OF MINES AND GEOLOGY BULLETIN 36 PLATE 2

A. LOWER PART OF THE SULTAN BASIN FROM OLNEY PASS.

B. EAST RIM OF THE SULTAN BASIN AT HEADLEE PASS.
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DIVISION OF MINES AND GEOLOGY BULLETIN 36 PLATE 3

A. SOUTH SIDE OF BIG FOUR MOUNTAIN FROM COPPER LAKE.
Photo by F. E. Wing.

E. SHEEF GAP MOUNTAIN FROM THE SULTAN KING PROSPZCT.

The peak is rock of the conglomerate-argillite series; the cliffs in the foreground are
of quartz diorite.

C. UPPER PART OF THE SOUTH FORK OF THE SULTAN RIVER VALLEY.
The U-shaped valley is carved in quartz diorite.
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Microscopic examination of the serpentinized peridotite shows it
to contain a few remnants of enstatite and olivine, altered almost
completely to antigorite, bastite, and magnetite. Talc is commonly
present and, rarely, minor amounts of tremolite. Some specimens
from Bald Mountain and from near the Mountain Cedar prospect
contain microscopic trains of pyrrhotite and chromite grains along
lines that appear to be due to flowage. A small quantity of nickel
is also present as nickeliferous serpentine or nickeliferous pyrrhotite.

On the northern slope of Red Mountain the peridotite is different
in appearance from other occurrences of the rock and is less altered.
It is fine grained but encloses scattered elongated nodules of coarse-
grained material. The fine-grained matrix is composed of olivine
and pyroxene partly altered to serpentine and magnetite. Veinlets
of cross-fiber chrysotile asbestos occur occasionally, but these are
rarely more than 2 or 3 millimeters in thickness. Chromite and
slightly nickeliferous pyrrhotite are disseminated through the mass.
The coarse-grained nodules are of two kinds: one consists of
clusters of microscopically fractured crystals of chromite enclosed
in a groundmass of serpentine. These bodies vary from a few
inches to several feet in diameter. The other variety of nodules
consists of coarsely crystalline bodies of the serpentine mineral,
bastite. They appear originally to have been pyroxene of the variety
diopside but are now almost completely altered to the present com-
position. Magnetite and pyrrhotite are also present. The pyroxene-
bastite lenses also are variable in size, and are so similar in appear-
ance to the chromite lenses that if is difficult to distinguish between
them on weathered surfaces. Both apparently represent original
magmatic segregations in the peridotite.

The time of the peridotite intrusion into the area is uncertain.
It is cut by quartz diorite and is therefore older than that plutonic
rock. Possibly it is a part of a regional Mesozoic intrusion of basic
rock; in the Mount Stuart area, about 45 miles southeast of the
Sultan Basin, large areas of serpentinized peridotite have been
described by G. O. Smith™® who regarded the rock as being Mesozoic
in age on the basis of its relationship to other rocks in that area.
Several other bodies of serpentinized peridotite occur north and
northwest of the Sultan Basin in the Darrington, Granite Falls, and
Mount Vernon areas. One of these, near Mount Vernon, has been
recently described by Hobbs and Pecora® in connection with a
nickel-gold deposit. There, also, the serpentinized peridotite is in-
trusive into the old metamorphic series, but not into the overlying
Chuckanut formation of Eocene age. A mineralized dike of perido-
tite intrudes the conglomerate-argillite series at the Mackinaw

@ Smith, G. 0., U. S. Geol. Survey Geol. Atlas, Mt. Stuart folio (no. 106), p. 4, 1904.

@ Hobbs, 8. W., and Pecora, W. T., Nickel-gold deposit near Mount Vernon, Skagit
County, Washington: U. S. Geol. Survey Bull. 931-D, p. 62, 1941.
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prospect, just east of the Sultan Basin. Megascopically, this rock is
similar to the peridotite that crops out at the Florence Rae mine in
the basin, and there is a possibility, therefore, that the Sultan Basin
peridotite is younger than the conglomerate-argillite series as well
as the old metamorphic series.

QUARTZ DIORITE

Biotite-bearing quartz diorite is exposed throughout some 22
square miles of the basin area. This rock is predominant at the
heads of Elk Creek and the North and South Forks of the Sultan
River. It crops out along practically all the southern rim of the
basin, and extends southward into the adjacent area. In the Copper
Lake-Vesper Creek area a quartz diorite cupola, culminating in
Vesper Peak, is separated from the larger exposed mass to the south
by a narrow, apparently shallow belt of sediments. An isolated ex-
posure of biotite-quartz diorite, presumably a stock, occurs on Bald
Mountain in the western basin area. The Sultan Basin exposures
of quartz diorite are probably outcrops of a widespread batholith
underlying the basin and adjacent areas.

With the exception of a few contact facies, the biotite-quartz
diorite from different parts of the basin varies but little in general
appearance and mineralogy. Megascopically the rock is medium- to
coarse-grained and is light gray in color. Weathered surfaces have
a slightly bluish tinge. A prominent feature of the rock is a set
of three strong joint planes along which it tends to break into
rectangular blocks. On talus slopes some of these blocks measure
as much as 15 feet on a side. Thin-section studies of biotite-quartz
diorite specimens from various places in the basin indicate a com-
position in the following approximate percentages: plagioclase 70,
quartz 20, orthoclase 1, biotite and chlorite 6, and hornblende 1.
Accessory minerals include magnetite, apatite, zircon, rutile, titanite,
and calcite. The secondary constituents are sericite, chlorite, calcite,
kaolin, actinolite or tremolite, muscovite, epidote, magnetite, and
hematite. Most of the plagioclase is andesine with an approximate
composition of Ab, An_,, but zoning in the crystals is recurrently
present, and there is frequently a gradation from basic andesine
cores to a less basic or even sodic feldspar in the outer zones.

Post-crystallization processes within the quartz diorite effected
distinct changes in the constituent minerals. Hydrothermal action
resulted in sericitization, silicification, and albitization of the rock.
Practically all the feldspar, and in some specimens the quartz also,
is clouded by sericite. Silicification of feldspar has advanced, in
some crystals, to a point of almost complete obliteration of the
original crystal. The presence of a few acidic plagioclase crystals,
approaching albite in composition, appears to be the result of albiti-
zation. Replacement of hornblende by actinolite or tremolite occurs
in a few specimens, and alteration of biotite to chlorite is common.
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Evidence of dynamic disturbances within the rock is recorded in
wavy extinctions, bent biotite and plagioclase crystals, strain
shadows in the quartz, and microfaulting.

Certain local variations and some unusual features were revealed
in the petrographic studies. In the Copper Lake area the biotite-
quartz diorite is hornblende-bearing and contains a few oligoclase
crystals. At the head of the North Fork of the Sultan River, in the
southeast corner of the basin, the hornblende facies is absent, the
andesine is less basic than average, and the biotite less chloritized.
The biotite occurs as extremely irregular and embayed fragments
replaced by matted amphibole crystals of the tremolite-actinolite
group. This late hydrothermal mineral replaces some of the feld-
spar which is, in addition, markedly sericitized.

In the upper area of the South Fork of the Sultan River, the
quartz diorite carries what appears to be primary calcite. One thin
section shows the calcite filling a space between two andesine
crystals with chlorite enclosing the third side. A small amount of
optically positive orthoclase is also present in this rock. According
to Johannsen,® optically positive orthoclase (isorthose) is rarely
found in nature, and when occurring it indicates that, at some time
during the post-crystallization history of the rock, a reversal or
interchange of optic axes was brought about by an increase in
temperature which reached and remained, for a time, above 500° C.
A recurrent temperature above 500° C. is well in keeping with the
evidence of hydrothermal alteration, albitization, and replacement
that have occurred in the quartz diorite.

The Bald Mountain biotite-quartz diorite is essentially the same
as the quartz diorite exposed elsewhere in the basin except that
along the eastern side of the stock it grades into a more acidic rock
close to its contact with peridotite and sediments. This phase of
the rock is a gneissoid biotite-albite granite in which the potassium
feldspar is orthoclase and the plagioclase is albite. Both primary
and secondary quartz are abundant, and muscovite, biotite, chlorite,
sericite, kaolin, hematite, and zircon are present. The gneissoid
structure near the contact suggests early chilling along the border
of the stock. In general, early chilling results in a basic contact
phase containing segregations of dark mafic minerals, but on Bald
Mountain a reversal of the normal condition is indicated by the
acidic contact phase grading into basic rock towards the core.

The presence of what appear to be cognate xenoliths is common
in the quartz diorite near the contact zones. These are generally
well-rounded clots, and no drawn-out, elongated shapes indicating
movement in the magma were observed. A study was made of these
clots from the quartz diorite of the upper South Fork area. Petro-

7 Johannsen, Albert, A descriptive petrography of the igneous rocks, pp. 139-140,
Chicago, The University of Chicago Press, 1932,
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graphically, they are fine-grained phases of biotite-hornblende-
quartz diorite. In hand-specimens the mafic minerals appear to
make up from 30 to 50 percent of the rock. The study of one thin
section indicated the following approximate percentages: quartz 18,
andesine 53, orthoclase 1, hornblende 20, biotite 6, and minor
amounts of chlorite, sericite, magnetite, hematite, muscovite, and
zircon. Extreme sericitization of the andesine is in marked contrast
to clear, unaffected orthoclase, and replacement in the andesine,
hornblende, and biotite is in an advanced stage. The hornblende,
biotite, and magnetite are intimately associated in a replacement
series in which biotite has replaced the hornblende which, in turn,
has been replaced by magnetite. Intense silicification is evident,
and both primary and secondary quartz are present.

The name ‘quartz diorite’, (or ‘biotite-quartz diorite’) is used
here in preference to other terms in referring to this mass of
igneous rock in the Sultan Basin. The term ‘tonalite’ according to
Johannsen,” was originally used to designate a hornblende-biotite-
quartz diorite. He points out that Spurr adopted it, as a convenient
term, to designate quartz diorite, and that it is also so used by other
~ petrographers and himself.

In the Monte Cristo district, a few miles east of the Sultan Basin,
tonalite, according to Spurr,® intrudes rocks believed to be Tertiary
in age. The Sultan Basin quartz diorite is, as may be inferred from
the preceding paragraph, mineralogically similar to the Monte Cristo
tonalite, and the two rocks may be parts of the same intrusive.
Quartz diorite is contiguous to, and extends southward without an
observable break into, the Index granodiorite. This formation is
described by Weaver,? who inferred it to be Mesozoic in age. He
states that typical granodiorite specimens from the Soderberg
(Index) quarry, near the town of Index, contain about 40 percent
plagioclase, 10 percent orthoclase, 30 percent hornblende and biotite,
and 20 percent quartz, together with a few crystals of apatite and
titanite. This is considerably less plagioclase and more orthoclase
than in the average Sultan Basin quartz diorite; but his detailed
description of constituent minerals and general state of alteration
closely fits the Sultan Basin quartz diorite. The plagioclase, in each
case, is andesine, and both accessory and secondary minerals are
virtually identical. If a small additional percentage of orthoclase
were present in the Sultan Basin quartz diorite it, too, would fall
into the granodiorite clan. Perhaps the difference in these igneous

(1) Johannsen, Albert, op. cit., p. 378.
@ Spurr, J. E,, The ore deposits of Monte Cristo, Washington: U. S. Geol. Survey
22d Ann. Rept., pt. 2, pp. T96-797, 1901.

@ Weaver, C. E., Geology and ore deposits of the Index mining distriet: Washington
Geol. Survey Bull. 7, pp. 38-43, 1912,
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rocks lies more in the name than in the rocks themselves. Weaver®
states that “the presence of the andesine variety of plagioclase
together with the very small amount of orthoclase places it in the
diorite family. The presence of a considerable amount of quartz
indicates an acid phase of the diorite or what is generally known as
quartz diorite or granodiorite.” With regard to the similarity of
Index granodiorite to the Monte Cristo tonalite, Weaver® points
out that “the tonalite and Index granodiorite are petrographically
similar, and even though the former should occur in the Index dis-
trict, it would be almost impossible to distinguish it from the older
[Index] granodiorite.”

It is probable that several similar igneous masses occurring in
the central Cascades are representative of the same batholith, in-
cluding not only the Monte Cristo, Sultan Basin, and Index plutonic
rocks, but also the Mount Stuart and Snoqualmie granodiorite,
which occur in the areas south and southeast of the Index district.
This probability is supported by the fact that individual descriptions
of these masses by different authors show striking similarities in
mineralogic constituents and in degree of alteration. Furthermore,
the different age assignments given them do not appear to be sup-
ported by conclusive evidence. The assignment of the Mount Stuart
granodiorite to the Mesozoic by Smith® and by Smith and Calkins®
on the basis of inferred depositional contacts between it and the
Swauk formation has been recently challenged by Lupher,® who
states that one such contact on the Cle Elum River shows “a stronger
suggestion of an intrusive contact than a depositional contact.”
Lupher @ further points out that the assignment of the Swauk to an
Eocene age was not well founded, and that “the basal Swauk arkose
and the underlying Cle Elum formation are possibly well within the
Cretaceous period.” Thus, it is possible that at least a part of the
granodiorite of the Mount Stuart area is Upper Cretaceous or
younger in age. Weaver apparently made no age assignment to the
Index granodiorite on direct evidence but inferred its relation to the
Mount Stuart granodiorite and considered it “a part of a great
batholith of granodiorite which underlies a large part of the Cascade
Mountains.”®
The tonalite of the Monte Cristo district was described by Spurr®

) We;ver. C. E., op. cit., p a1.
@ Idem, p. 67.
@ Smith, G. 0., U. 8. Geol. Survey Geol. Atlas, Mt. Stuart folio (no. 106), p. 2, 1904,

@ Smith, G. O., and Calkins, F. C., U. 8. Geol. Survey Geol. Atlas, Snoqualmie folio
(no. 139), p. 4, 1906.

® Lupher, R. L., Stratigraphic aspects of the Blewett-Cle Elum iron ore zone: Wash-
ington Div. Geol. Rept. Inv. 11, p. 6, 1944,

@ Idem, p. 8.
@ Weaver, C. E., op. cit., p. 34,
® Spurr, J. E., op. cit., p. 797.
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as being intrusive into an arkose formation and an early andesitic
series. The arkose was correlated lithologically with the Swauk
formation of the Mount Stuart area and also with the Puget group
of the Puget Sound Basin, and on that basis was considered to be
Eocene in age.? The andesitic series was considered to be lower
Miocene on the basis of a single fossil pelecypod said to be found in
a sedimentary phase of the series which is probably “well up in
the andesitic series.”® Whether or not the tonalite actually cuts the
fossiliferous bed was not stated. The tonalite was furthermore
considered to be a correlative of the Snoqualmie granodiorite. This
plutonic rock was reported by Smith and Calkins © to be intrusive
into the Guye formation, which was considered to be Miocene in
age on the basis of two species of fossil leaves that occur in Miocene
strata elsewhere. However, later stratigraphic studies in the area
south of the Snoqualmie quadrangle by Warren® indicate that the
Guye formation is older than Miocene. In regard to the Snoqualmie
granodiorite, Warren © states: *“No satisfactory evidence is known
for maintaining a late Tertic [Tertiary] age for the Snoqualmie
granodiorite.”

Considering these uncertainties, it does not seem advisable to
assign an age to the quartz diorite of the Sultan Basin on the basis
of lithologic correlation with any of the similar rocks of the central
Cascades; neither is it possible to affix an age from the present
knowledge of the rocks within the basin. The youngest sedimentary
formation intruded by the quartz diorite is the conglomerate-argil-
lite series, which also is of uncertain age. But it is believed that
further work in the area east of the basin will show the relationship
of the conglomerate-argillite series to Monte Cristo formations and
to the fossiliferous beds on the north side of Big Four Mountain,
thereby throwing considerable light on the problem.

DIKES

Many dikes of varied composition cut the quartz diorite and the
intruded sedimentary and metamorphic rocks. Some of these,
though different mineralogically, are probably local variants of one
series of dikes. The most widespread of these minor intrusives is a
series of grayish-green porphyritic quartz diorite dikes that are
composed chiefly of oligoclase phenocrysts in a groundmass of
quartz and basic oligoclase or andesine. Quartz, however, is abun-
dant in some dikes and absent in others. Accessory and secondary
minerals are augite, hornblende, epidote, calcite, chlorite, titanite,

@ Spurr, J. E, op. cit., pp. 791, 796.
@ Idem, pp. 795, T96.
@ Smith, G. 0., and Calkins, F. C., op. cit. (Snoqualmie folio), p. 9.

@ Warren, Walter, Tertiaries of the Washington Cascades: Pan-Am. Geologist, vol.
65, pp. 241-247, 1936.

@ Idem., p. 247.
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rutile, pyrite, magnetite, hematite, and sericite. The chlorite is
commonly pseudomorphic after the hornblende, and the titanite,
which is also secondary, is more abundant than is usual for
deuteric titanite. Rutile is present as acicular inclusions in the
quartz. Secondary calcite is abundant in some parts of the dikes, but
rare or absent in others. Alteration is general throughout, and the
rock is clouded by minute inclusions and secondary muscovite or
sericite. A local variation of this kind of dike, at the Blue Stone iron
deposit, carries considerable ilmenite partly altered to leucoxene.
Another local variation occurs in the Hard to Beat workings, where
a dike has been subjected to intense hydrothermal alteration. The
rock resembles other dikes in being clouded by sericite and count-
less minute inclusions. The recognizable minerals are: quartz,
feldspar, calcite, muscovite, chlorite, titanite, sphalerite, pyrite, and
sericite. The chlorite, of two varieties, is secondary, and the titanite
is probably also secondary. The calcite, all secondary, is shown in
three distinet relationships: veinlets of pure calcite, veinlets of
quartz and calcite in a 1 to 1 mixture, and individual crystals en-
closed by chlorite.

Another dike, exposed on the Calumet claim of the Sultan Basin
Mining Co., is a porphyritic diabase composed of more than 90
percent plagioclase. The phenocrysts are basic labradorite, and
the feldspar of the groundmass appears to be slightly less basic
labradorite. Other component minerals are hornblende, chlorite,
titanite, and augite. The rock is relatively fresh, but some altera-
tion of the ferromagnesian minerals has occurred.

A dike-like banded zone appears in a stream bottom near the
head of the North Fork of the Sultan River near the center of
sec. 35, (29-10E). It is enclosed by quartz diorite and is so highly
altered that its origin and most of its mineral constituents are ob-
scure. The banding is due to trains of biotite, and to thin layers of
partly altered feldspar phenocrysts which are separated by a
siliceous and kaolinized matrix. The bands, as seen in a cross-section
of the rock, are light bluish gray and range in width from 2 to 6
millimeters. They are separated by reddish-brown bands 2 milli-
meters wide. Greenish-blue specks occur along the reddish bands,
and, in some places, take the place of these to form greenish-blue
bands. In general appearance the rock is dense and of homogeneous
texture. The phenocrysts are orthoclase together with, possibly,
some sodic oligoclase. The groundmass is feldspathic but is so
clouded by sericitization and the presence of many minute inclu-
sions that specific determination cannot be made. Calcite and
biotite are the only constituent minerals easily recognized. The
rock is undoubtedly a metamorphosed igneous rock, and the lami-
nated appearance suggests rhyolite. No rhyolite, however, was
found in the area.
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ORE DEPOSITS

Four types of mineral deposits are known in the Sultan Basin:
lode deposits, replacement deposits, magmatic segregations, and
placers. An effort is made in this section to generalize as broadly
as possible on the principal features of the deposits, but because of
considerable diversity, especially in the lode deposits, their detailed
descriptions are reserved for the section on the individual prop-
erties.

LODE DEPOSITS

Lode deposits, principally fissure veins, are the most important
known ore deposits in the basin. Most of the veins can be grouped
on a basis of geographic location: 1) the upper part of Williamson
Creek drainage, 2) the upper part of Elk Creek and the North
Fork of the Sultan River, and 3) the South Fork of the Sultan River.
These areas are characterized by contacts between the biotite-
quartz diorite and the invaded metamorphic and sedimentary rocks.
Most of the mining properties lie near or on this contact. (See pl. 1.)

ORIGIN

The proximity of the quartz diorite to the veins suggests a rela-
tionship between them, and the veins are believed to be character-
istic of deposits that fill marginal openings in a parent batholith
and adjacent intruded rocks. During the last several decades much
has been written concerning the deposition of metalliferous lode
systems associated with granitic batholiths. Briefly, the theoreti-
cal processes of the formation of some lode deposits as applied to
the veins of the Sultan Basin are as follows: After the invasion
of the metamorphic and sedimentary series by the quartz diorite,
the gradual solidification of the outer, cooling portion of the batho-
lith formed a hood of crystalline rock, encrusting a magmatic core.
Metalliferous solutions emanating from the magma forced their
way into openings in the hood and overlying rocks. These open-
ings—cracks, faults, and shear zones—could have formed in the
quartz diorite by the adjustment of the rock during the period of
cooling, and in the overlying metamorphic and sedimentary rocks
by dynamic disturbances related to the invasion of the batholith
and to other causes. Some of these openings, acting as outlets for
the metallized solutions, were favorable for the precipitation of ore
minerals and thus became veins.

STRUCTURE
The veins of the Sultan Basin rarely fill simple fissures which
would offer easy conditions for prospecting and mining. Instead,
they are contained in complex shear zones, sometimes with many
diverging offshoots. Furthermore, the mineralization of these zones
was controlled not only by their structure, but also by temperature
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conditions and chemical compositions of the wall rocks and the ore
solutions. There was considerable diversity in these influencing
conditions, and each vein offers different problems in its minerali-
zation and attitude.

MINERALOGY

In the following pages the Sultan Basin vein-forming minerals
are described in alphabetical order, together with a brief discussion
of their occurrence and paragenetic relationships. Not all the
minerals occur in any one vein, and their depositional sequence, as
given, is indicated through the study of polished sections of ore
from the different veins.

Amphibole—The hornblende (Ca, Mg, Fe, Al silicate) variety
of amphibole is present in veins at the Little Chief prospect, the
Florence Rae mine, and the Doris prospect. It was formed during
late stages of mineralization, after pyrite and arsenopyrite, and
may have been formed as a secondary mineral from constituents of
the wall rocks.

Arsenopyrite.—Nearly all of the veins contain some arsenopyrite
(FeAsS). It is especially abundant in the “45”, Milwaukee, and
Mountain Cedar veins, where it occurs as fractured partly replaced
crystals with diamond-shaped outlines and as massive bands. It
was an early mineral in the depositional sequence and is possibly
an indicator of the presence of gold.

Bornite—Bornite (Cu.FeS,) is a rare mineral in the basin. It
occurs sparsely in some of the surface exposures of veins and also
in some of the older mine workings. It was formed as a result of
recent alteration of chalcopyrite.

Carbonates of calcium, iron, and magnesium.—Caleite (CaCO,),
ankerite (CaCO,.(Mg, Fe, Mn) CO,), and siderite (FeCO,), are
common gangue minerals in many of the veins of the basin. These
minerals comprise a carbonate group that was introduced into the
veins later than the ore-forming sulphides, and occasionally, they
occur partly filling vugs. One vein of calcite about 2 feet thick is
in quartz diorite on the western slope of Gothic Peak. Impure
magnesite (MgCO,) occurs as a gangue mineral at the Ala-Dickson
prospect. Its formation in the vein was early, preceded only by
quartz, and was probably due to the hydrothermal alteration of the
serpentine country rock.

Chalcopyrite.—Chalcopyrite (CuFeS,) is the most important ore
mineral in many of the veins, and it occurs at nearly all of the min-
ing properties in at least a small quantity. It is commonly dissemi-
nated through the veins, but in some ore shoots occurs massively
and fills the entire vein. At the Sunrise prospect small masses of
chalcopyrite a half an inch or so in diameter were found deposited
in vugs on the tips of quartz crystals.



30 Geology and Ore Deposits of the Sultan Basin

Much of the sphalerite in the Sultan Basin veins encloses chal-
copyrite as microscopic blebs and rods. In some specimens these
are in regular, parallel arrangements, but in others they are at
random. This peculiar association of minerals often has been
described @ and termed “unmixing” or “exsolution.” It is probably
due to a mineral (in this case sphalerite) crystallizing from a fluid
state when it contained other constituents in solution, and under
slow cooling conditions these impurities (chalcopyrite) later crys-
tallized separately, resulting in small segregations within the origi-
nal mineral. Magnetite at the Sultan King prospect contains
minute blebs of chalcopyrite which also are probably a result of un-
mixing.

Chlorite—Chlorite (hydrous silicate of Mg, Fe, and Al) is widely
distributed through the wall rocks of the basin and was found also
in some of the veins. It was formed by alteration of wall-rock min-
erals during early stages of mineralization.

Galena.—Galena (PbS) is most prevalent in the veins near the
head of Williamson Creek, particularly on the “45” and Ala-Dickson
properties, It is not abundant in the veins enclosed by quartz
diorite. It was one of the last sulphides to be deposited and in some
instances it replaced earlier minerals. At the Ala-Dickson pros-
pect, some of the galena is fine grained and closely intermixed with
sphalerite. Without magnification this mixture has an unusual
appearance not unlike steel galena.

Gold.—Gold was not observed in any of the polished sections
studied, but assays indicate that variable amounts of this metal
occur in several of the veins. More than 1 ounce per ton was present
in some of the ore shipped from the “45” mine in 1898. There is a
suggestion that gold is associated in the ores with arsenopyrite.
The “45” vein contains considerable arsenopyrite; on the other hand,
ore shipped from the Florence Rae mine in the basin contained very
little arsenopyrite and was also low in gold content—less than 0.03
ounces per ton. An assay of a specimen of massive arsenopyrite from
the Mountain Cedar vein, showed 0.4 ounces of gold per ton. From
the same vein another specimen containing only a small amount of
arsenopyrite assayed 0.06 ounces of gold per ton.

Hematite—Specular hematite (Fe,O,) occurs at the Florence
Rae mine and at the Sultan King prospect. At the former, its asso-
ciation with the vein minerals is not clear; it is probably not a vein
mineral, owing its presence, rather, to contact metamorphism

1) Teas, L. P., The relation of sphalerite to other sulphides in ores: Am. Inst. Min.
Eng. Trans,, vol. 39. figs. 1, 2, 1918, Schwartz, G. M., Textures due to unmixing of solid
solutions: Econ. Geology, vol. 26, no. 7, fig. 14, p. 753, 1931. Shenon, P. J., Chalcopyrite
and pyrrhotite inclusions in sphalerite: Am. Mineralecgist, vol. 17, no. 11, pp. 514-518,
1932, Lindgren, Waldemar, Mineral deposits, 4th ed., pp. 186-187, 1933, Buerger, N. W,
The unmixing of chalcopyrite from sphalerite: Am. Mineralogist, vol, 19, pp. 525-530,
1934.
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effected by quartz-diorite dikes. At the Sultan King it is definitely
a result of contact metamorphism.

Iron sulphate.—As a result of recent and current oxidation of
iron sulphide, principally marcasite, a white sublimate of iron sul-
phate occurs on outerops of some of the veins. Most of this mate-
rial is probably bilinite (FeO.Fe,0,4S0,.24H,0). It is especially
conspicuous in open-cuts on the Mountain Cedar property and on
the Calumet claim of the Sultan Basin Mining Co., where recent
erosion has not been excessive.

Limonite.—Hydrous iron oxide, principally limonite (2Fe,O..
3H,0), is a common secondary mineral in the basin, occurring as
stains and druses on outcrops and on the walls of old workings. It
is an oxidation product from the iron-bearing vein minerals.

Magnetite.—Although magnetite (Fe,O,) is abundantly dissemi-
nated through many of the rocks of the area, especially the serpen-
tine, it is not a common vein mineral. It occurs with the ore at
the Florence Rae mine and also at the Sultan King prospect. In the
former it is the earliest vein-mineral and is associated with quartz,
amphibole, and sulphides. Its presence in this copper-zinc-silver
ore with galena is somewhat unusual, but perhaps the proximity
of iron-rich pre-vein peridotite has influenced the mineralization of
the vein to some degree, and the magnetite occurrence does not
necessarily stamp the deposit as high-temperature. The magnetite
at the Sultan King prospect was found with vein quartz on the
mine dump and is, no doubt, from a section of the vein. The mag-
netite was deposited earlier than the quartz, and its association in
this vein suggests that the deposit was, in part, rather high-tempera-
ture. This magnetite contains minute blebs of chalcopyrite, prob-
ably due to unmixing.

Magnesium silicates.—Serpentine (H,Mg,Si,O,) and tale (H,
Mg, (SiO,) ,) occur as minor gangue minerals in a few of the Sul-
tan Basin veins. Some polished specimens indicate that there were
two generations of one or both of these minerals. An early genera-
tion was possibly formed by alteration of the country rock, and a
later one was apparently injected into cracks within quartz and
sulphides. The pre-vein peridotite bodies in the basin probably
contributed these silicates to the vein solutions.

Marcasite—Odlitic marcasite (FeS,) is abundant in a few of
the veins, especially in surface exposures and shallow workings in
areas where recent erosion has not been excessive. In deeper
workings marcasite is found filling small cracks. It is apparently
an alteration product from pyrrhotite and is the principal represen-
tative of alteration caused by the downward movement of surface
waters (supergene). Other sulphides occurring with it are usually
unaffected, indicating only first stages of supergene alteration.
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Malachite and azurite—Occasional stains of malachite (CuCO,.
Cu(OH),) and azurite (2CuCO,.Cu(OH),) appear in some of the
old workings of the district. These minerals are products of altera-
tion of chalcopyrite.

Molybdenite.—Molybdenite (MoS,) occurs conspicuously in
veins of the Sultan King, Sunrise, Kromona, and Golden Eagle pros-
pects, and in lesser amounts in several other veins. It was also
found in many small veinlets that fill widely separated joint frac-
tures in quartz diorite. Molybdenite was formed during the early
stages of mineralization and is probably indicative of moderately
high temperatures.

Nickel minerals.—Some of the ore shipped from the Florence
Rae mine contained nickel up to 0.23 percent. Nickeliferous pyrrho-
tite occurs in the vein and probably accounts for most of the nickel
content. Nickeliferous serpentine and nickeliferous pyrrhotite
occur in small amounts through the serpentinized peridotite of the
district, and a small amount of soluble nickel sulphate, probably
morenosite (NiSO .7H.,O), occurs with iron sulphate on the out-
crops of the Mountain Cedar vein.

Pyrite—Pyrite (FeS,) is an abundant mineral in almost all
the veins of the basin and was the earliest sulphide to have formed.
Broken cubes and pyritohedrons are embedded in early quartz, and
some are partly replaced by later minerals.

Pyrrhotite—Pyrrhotite (Fe.S, to Fe,,S,.) was recognized in all
the veins of the district. It was deposited earlier than chalcopyrite,
but later than arsenopyrite and pyrite. Most of the marcasite in the
veins appears to have been formed as a result of alteration of
pyrrhotite.

Quartz—Quartz (SiO,) is the principal vein mineral of the
basin. Its deposition in the mineral sequence was early, long last-
ing, and continued down into the low-temperature stages. It is
generally transparent or slightly milky white. Less commonly it
is grayish or greenish owing to included material. Comb structures
are the most common form of the vein quartz, but in some places
it is massive. Vugs lined with quartz crystals occur abundantly at
the Sunrise prospect.

Scheelite and powellite—Small amounts of scheelite (CaWO,)
and powellite (Ca (Mo, W)O,) occur in a few veins of the district,
chiefly confined to those that are enclosed by quartz diorite. Speci-
mens from the Mint (old Iowa) vein of the Sultan Basin Mining Co.
and from the “Bear Cave” on the eastern end of the Kromona vein
show interesting quantities of these minerals. The scheelite and
powellite occur together and are traversed by chalcopyrite- and
sphalerite-filled fractures, indicating that they appeared early in
the mineralization stage.
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Sericite.—Sericite ((H, K)AISiO,) is a common constituent of
the wall rocks in the district but is not an abundant vein mineral.
It was recognized in one specimen of ore from the Sunrise prospect
where pyrrhotite had deposited between plates of the sericite. It is
probably an alteration product of wall-rock minerals.

Silver minerals—Ruby silver, principally pyrargyrite (3Ag.,S.
Sb.,S.), is reported® to have occurred in ore shipped from the “45”
mine. This mineral could be expected, for smelter returns show
assays as high as 170 ounces of silver per ton. No silver minerals
were found at other properties, and this metal probably occurs
with other sulphides, possibly the galena, in amounts too small to be
visible.

Sphalerite—Sphalerite (ZnS) is a common sulphide in many of
the veins and is more abundant in the veins occurring in the meta-
morphic rocks than in those enclosed by quartz diorite. The min-
eral is dark brown, almost black, owing to a high iron content. It
is often associated with galena, and almost invariably contains
minute inclusions of chalcopyrite. Although its deposition began
slightly before that of chalcopyrite, the two formed concurrently in
part.

PARAGENESIS

The paragenetic relations of the principal vein-forming minerals
are indicated in the chart on page 34. These relationships seem to be
consistent throughout the district, and the only deviation is an occa-
sional reversing of the chalcopyrite and sphalerite positions.

STAGES OF MINERALIZATION

Minor diversification in the primary mineralogy can be noted
in a few of the veins of the basin. Those that are enclosed by quartz
diorite and were probably closer to the source of mineral-bearing
solutions contain some minerals that were formed at higher temper-
atures than the ones of veins that occur in the overlying metamor-
phic and sedimentary rocks. For instance, the Sultan King vein,
which is probably one of the highest-temperature veins in the dis-
trict, is enclosed by quartz diorite; it contains magnetite and molyb-
denite, both high-temperature minerals, but no galena or other min-
erals which might be expected at lower temperatures. The “45” vein,
which is enclosed by metamorphic rocks, exhibits indications of
low-temperature ore deposition; no magnetite or molybdenite was
found, but galena is abundant and ruby silver is reported to be
present. These two examples, though not representative of any
great thermal difference, are probably extremities of the local
vein-temperature conditions and indicate a slight geothermal zon-

@ Thyng, W. S., Stilaguamish district, in Landes, Henry, a1;1d others, The metal-
liferous resources of Washington except iron: Washington Geol. Survey Ann. Rept. for
1901, pt. 2, pp. 66-67, 1902,

—2
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ing. The mineralogy and the overlapping depositional sequence of
the vein-forming minerals suggest, however, that the temperature
conditions were fairly well confined to the mesothermal stage. The
magnetite and specular hematite occurrences at the Florence Rae
mine are not understood, but their presence may be due to the prox-
imity of iron-rich peridotite-serpentine or to contact metamorphism
caused by the intrusion of local pre-vein quartz diorite dikes.

Only the first stages of oxidation and secondary enrichment are

Paragenesis of the principal vein minerals in the Sultan Basin
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represented in the Sultan Basin veins. The rapid erosion in the
extremely rough terrain has exceeded the gradual alteration of
the ores, and at many places primary vein minerals crop out on the
surface. In a few places, where erosion has not been extraordinarily
severe, especially on and near the tops of ridges that represent
remnants of an older topographic surface, some secondary vein
minerals occur. These include marcasite as an alteration product
from pyrrhotite; limonite; minor quantities of bornite; and iron
sulphate. In some of the old workings copper carbonates and iron
hydroxide occur as stains and druses on the walls. At greater
depths, a few minute cracks in the veins, through which descending
surface waters circulated, contain odlitic marcasite. With this
marcasite is chalcopyrite which has escaped the attack of the
supergene solutions, indicating that the alteration has not pro-
gressed far. Spurr’s® conclusion that the ore deposits of the nearby
Monte Cristo district had been formed and concentrated near the
surface through the agency of descending surface waters does not
appear to be applicable to the lode deposits of the Sultan Basin.
In the “45” vein there is a suggestion of enrichment, for ore that
contained the highest silver values is reported to have been mined
from stopes relatively close to the surface. Unfortunately, the con-
dition of these old workings prevented their inspection by the
authors, but apparently the same vein is exposed in the relatively
shallow Deu Pree and Hard to Beat workings, and it does not show
supergene alteration except for the formation of a small amount
of marcasite. Chalcopyrite, generally expected to be attacked by
supergene solutions before silver minerals, is unaltered, and any
differences in silver content throughout the “45” vein is probably
due to ore shoots formed by magmatic processes rather than to en-
richment through secondary processes.

MAGMATIC SEGREGATIONS

Mineral deposits formed by magmatic segregation are on the
northeast slope of Red Mountain, where chromite bodies occur in
peridotite near the Florence Rae copper mine. According to
Fischer @ a discovery of chromite in the Sultan Basin was reported
in a news item of the Alaska and Northwest Mining Journal in 1916,
and other later mention of the chromite in this area was probably
based on this. Chromite is also known to occur in gravels of the
lower part of the Sultan River, but no report is known where spe-
cific reference is made to the Florence Rae occurrence.

Chromite was found in the serpentinized peridotite at several
places in the basin, usually as small sparsely disseminated grains

1 Spurr, J. E,, The ore deposits of Monte Cristo, Washington: U. 8. Geol. Survey
22d Ann. Rept., pt. 2, pp. 835, 854, 857, 864, 1901.

@ Fischer, A. H., A summary of mining in Washington: Univ. of Washington Eng.
Exp. Sta. Bull. 4, p. 83, 1918.
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or in microscopic bands or trains; but on the Florence Rae property
it occurs in scattered schlieren-like clusters which consist of con-
centrations of individual chromite grains imbedded in serpentine.
The quantity of chromite in some of these bodies varies from about
75 to 80 percent at their cores to perhaps 10 percent or less near their
borders. The masses range in size from a few inches to several feet
in diameter. The bodies accentuate a somewhat gneissoid appear-
ance to the peridotite which was seemingly produced by flowage of
the rock during consolidation.

REPLACEMENT DEPOSITS

Replacement deposits are known to occur at several places in the
basin, but, with the exception of the Lockwood pyrite deposit, none
appears to have economic importance. The Lockwood deposit is
somewhat unique in the region and consists of several lenses of
pyritic rock occupying shear zones in argillaceous and talcose schist.
A small amount of sphalerite and chalcopyrite is disseminated with
the pyrite and also occurs in small veins cutting the pyritic zones.
Other replacement deposits are confined to the margins of the meta-
morphic and sedimentary rock series near contacts with quartz
diorite. Magnetite, specular hematite, and small amounts of chal-
copyrite and pyrrhotite occur occasionally in these zones, and, on
the western slopes of Gothic Peak and Big Four Mountain, sugary-
textured quartzite contains finely disseminated chalcopyrite and
pyrrhotite. At the 48-55 garnet prospect the intrusion of quartz
diorite has resulted in the formation of a variety of contact meta-
morphic minerals in a limestone lens, into which a small amount of
chalcopyrite and arsenopyrite has also been introduced.

PLACER DEPOSITS

Very little, if any, placer gold has been recovered from gravels
in the Sultan Basin, and nearly all of the many placer claims which
were staked in the basin during the past 50 years have been aban-
doned. At present only two such claims are known to be valid. It
is doubtful that placer gold occurs in the basin in commercial de-
posits. The well-known placer-gold deposits of the lower Sultan
River are not within the basin province and were not investigated.
Their origin, however, as related to the glacial history of the Sultan
Basin, was discussed on page 13.

MINES AND PROSPECTS

HISTORY AND PRODUCTION
Prospecting in the region in and around the Sultan Basin began
sometime after 1874, when silver was first reported in the Silver
Creek district. The first major discovery within the basin was not
until 1891, when the “45" vein was found. The development of the
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area was slow, and closely linked with the growth of transportation
facilities. Early in the 1890’s, the Great Northern Railway main
line was built through Sultan and Index, and another line was com-
pleted that connected the Monte Cristo district with Everett. This
stimulated development of the entire area, and in 1896 the “45”
mine became the first producer in the basin. The shipments from
this property depended on the Everett and Monte Cristo Railway,
whose operation was interrupted by washouts of the right-of-way.
In an attempt to maintain production, the “45” mine operators con-
structed a puncheon road connecting the mine with the Great
Northern Railway near Sultan. This road opened the basin to
horse-drawn wagons, and aided development considerably. Feeder
trails and roads were built, and later the Florence Rae and the old
Iowa mines became small producers. The road from Sultan to
Olney Pass was improved by degrees during logging operations, and
in 1935 this graveled road was extended into the basin by the
Civilian Conservation Corps. From 1937 to 1941 several more small
shipments were made from the Florence Rae and Iowa mines. The
old roads over which ore was hauled from the formerly operating
properties are now washed out or otherwise deteriorated, and a few
branches are needed from the present graveled road to again bring
transportation facilities to most of the mining properties of the
basin area.

None of the mines of the Sultan Basin has had more than a brief
or sporadic record of production. This is partly due, of course,
to the difficult accessibility of the region. Four mines, the “45”, the
Iowa, the Florence Rae, and the Sultan King have produced about
4,016 tons of ore valued at $134,831. The “45” mine, during its few
vears operation from 1896 to 1902 (?7), accounted for almost 80 per-
cent of the total tonnage and about 75 percent of the value. The
following chart shows the production of these mines.
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WILLIAMSON CREEK AREA
‘45" MINE

The property of The “45” Mines, Inc. consists of 25 patented
claims and fractions situated on the steep mountain slopes at the
head of Williamson Creek in secs. 29 and 32, (30-10E). (See fig. 2.)
It is 6 miles from the Sultan Basin road by way of a trail which
leads up Williamson Creek, and 4% miles from Silverton by way
of a steep trail with many switchbacks which enters the Sultan
Basin through Marble Pass. The “45” camp consists of 3 cabins
and the remains of several other buildings. The camp is at an ele-
vation of about 2,500 feet above sea level, and branch trails lead
from here up steep slopes to several mine workings. The workings,
from which approximately 3,185 tons of ore were shipped during the
early days, are situated about two-thirds of a mile north of the camp
and about 2,000 feet higher in elevation. During the period when
the mine was in operation, from 1896 to 1902 (?), the ore was trans-
ported by a 3,700-foot tramway to a bunker at the camp. After
sorting, the best grade was shipped from this point either by pack
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Ficure 2—Sketch of surface in the upper Williamson Creek area, showing claims,
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horses or wagons, or by another tram line that extended for 13,000
feet up through Marble Pass and down to the old Everett and Monte
Cristo Railway at Silverton. These tram lines are now completely
broken down.

The principal vein on the “45” property is known as the Magus.
It was staked in 1891 by J. F. Bender, J. E. and A. A. DeuPree, and
others. Two different companies started the preliminary work on
the vein shortly after its discovery, then merged in about 1897 to
form the Forty Five Consolidated Mining Co. which owned the
property until about 1903 and which produced most of the ore
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from the mine. The first shipments were in 1896, being packed on
horses to the old railroad at Silverton. In 1898 the company nearly
completed the 2%-mile aerial tramway to Silverton, but during that
year part of the railroad was washed out by floods and was not re-
paired-until 1901. During the period that the railroad was inactive,
the company began construction of the puncheon road to connect
the mine with the Great Northern Railway near Sultan. This work
put the company into debt so far that it never recovered, and by
1906 the property had come into the possession of the Charles H.
Pinkham estate. The claims were patented in 1910, and in 1914
the present company was formed to handle the affairs of the prop-
erty. Arthur W. Pinkham of Lynn, Mass. is president of The “45”
Mines Inc., and Nate B. Jones of Palo Cedro, Calif. is manager.
Equipment on the property includes parts of the old tramways,
several thousand feet of track, a few mining tools, and other mis-
cellaneous tools. A power plant, having a rated capacity of 66
horsepower, and a compressor are reported to be on the property
but were not inspected by the writers.

The country rock in the area of the “45” claims is the old meta-
morphic series and is principally slaty argillite, quartzite, and schist.
Intrusive quartz diorite occurs about 1% miles southeast of the mine,
in the Copper Lake area, and a few dikes cut the metamorphic rocks
in the vicinity of the mine, The Magus vein fills a northeast-trend-
ing fracture zone in the metamorphic series, and several workings
and outcrops indicate it to have a length of at least 3,000 feet. It
extends through the Hard to Beat, Deu Pree, and Magus claims.
Figure 3 shows the old mine workings on the Magus claim, where
two adits enter the hillside, crosscutting the vein. The upper tunnel,
No. 1, is at an altitude of about 4,500 feet. It was blocked by rubble
at the portal in 1943, but old maps show that this working crosscut
the vein at 35 feet, then drifted westerly for about 250 feet. An
open-cut above this tunnel exposes a narrow shear zone containing
minor sulphides. The No. 2 tunnel is 185 feet lower in elevation and
is connected with the No. 1 by a stope. It extends northward for
230 feet as a crosscut, then drifts westward and northwestward for
several hundred feet. In 1943 the workings west of the crosscut
were blocked by rock which has caved into the drift from the old
stopes. At the end of the crosscut a shaft extends downward for
about 125 feet. It is full of water, but the company’s maps show
two short sublevels driven from it, one at 70 feet and the other at 120
feet. Stoping was done from both of these levels. Near the end of
the crosscut are three small veins. They are spaced at intervals of
about 10 feet, trend nearly west, and dip south at an angle of about
80°. The first vein has been followed westward by a drift. It is §
inches thick at the crosscut, but increases in thickness to 18 inches
at a place 20 feet west, beyond which the drift is blocked by the



42 Geology and Ore Deposits of the Sultan Basin

caved stope. A small branch from this vein also occurs in the cross-
cut. At the face of the crosscut, a drift has been driven 30 feet east-
ward on two other veins. These are 2-6 inches thick at the face, but
widen toward the west and are 10-12 inches thick at the crosscut.
Inspection farther west is prevented by the caved stope. These veins
consist of crushed argillite cemented by quartz and calcite, and con-
tain pyrite, arsenopyrite, sphalerite, chalcopyrite, and galena. These
veins appear to converge toward the west, and apparently make up
the ore shoot, which is reported to have averaged more than 4 feet
in thickness. An engineering report by Lee™ suggests that the ore
shoot was localized near the junction of two branches of the vein
system, and, as he pointed out, the vein divides resulting in two ore
bodies, one overlapping the other. He indicated that the best ore
was in a branch that trended west, and that the other branch, which
trended northwestward, died out.

So far as is known, the entire production of the “45” mine came
from the stopes in these mine workings. According to the early
reports, the ore consisted of quartz and arsenopyrite, pyrite, chal-
copyrite, galena, sphalerite, and a little ruby silver (pyrargyrite or
proustite). Silver and gold were the chief metals of value. Lee
estimated that a total of 20,000 tons of material had been mined, of
which 8,000 was waste, 3,815 was ore lost or scattered, 5,000 was
second-class ore on the dumps, and 3,185 was first-class ore shipped
to the smelters. No production is known to have been made since
his report was written, and smelter returns on 727 tons of the ore
are furnished by the present owners:

1 Lee, C. F., Preliminary report on the property of the Forty Five Consolidated
Mining Co., private report, unpublished, 1903.
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Smelter returns on part of the ore shipped from the “45” mine

Date of shipment | Location of Weight I Silver [ Gold
smelter (in pounds) | (ounces per ton) | (ounces per ton)

Nov., 1886.......0.0000 woives | BYeretb. . i 41,520 134.9 0.97
Muay, 180T icipviniive TACOMA. . .cvuuuas 8,150 171.4 1.0G
ANE.; TBOTL ot sbriihnsens Taeoma,......... o0, 100 113.3 0.87
Ang., IBOT. . coavisianorenssrans Tacoma. i a6, 800 ! 102.8 0.72
AT IBOT. cisn snnmmsssnsms Tacoma. a0, 000 128.1 0,0
Bepth., 180700 s ianes Everett. . 54,330 | 165.8 | 0,54
Sept., 1897....000 i oo Everett...... 41,220 143.2 | 1.02
Oty I8 isiisssiniaia i Everett........ 51,145 111.7 0.79
Nov.,, 1807 ...ccuiiiriiennonnes Everett.......... 4 51,440 122.8 0.90
July, 1898.....c.iiviaaimines , Bverett........... 45,1355 101.3 1.05
T T S R Everett,.......... 9,000 104.8 i 1.04
Doty T8Bvormm i v vss Everett......cvox- 15,720 98.7 | 0. 96
April, 18905 v iivaeans v Everett..... ... 60, 180 86.1 | 1.00
April, 1809, ... Everett........... an,220 5.8 | 0.93
ADEIL, AR s s s Evarett,. ..o 42,000 1007 | 1.00
May, 1809......c...00 R TIT Everett........... 42,590 105.0 .94
MY T s Everett........... 4,300 121.2 0.4
Now:, 800 avessiminiiain Everett........... 42,160 101.4 0.74
Psey B0 G s Everett..ooovsvene 41,250 105.5 0.74
30 M |1 | Everett........... a8, 000 104.3 0.76
Baly., 2900 . snivmmes samesmn Everett........... 34, 160 67.7 0.40
Mar,., 1000 ccimmemivins coe| Bveretb. oo 40,550 63.7 0.44
Mar:: 21900 cq s Everett........... 46,240 | 50.3 .35
Mar.; 1900.......cc.uniiiussn Everctt.......... ; 1,150 | 51.6 0.37
ADEN; TN o oiirimom s meivmnas Everett........... 3,550 I .7 0.60
MY, 1000......cmerieeenn. Everett........... 52,80 | 7.6 0.30
JULY,: TO00 s wsmeaniennsin Evereth........c.. 05,950 | 63,0 0.68
ANR.y T80 vesmueaaites Everett..... .o 47,040 51.9 0.40
BOg; I mssnsveimawiarariin Everett........... 51,450 48.4 0.48
ANGs 00 e Everett. ... cooouus 5, 240 49.5 0,56
L R [ 1 | T Everett........... 53,240 51.8 0.52
Oet., 3, 655 .6 0.62
Dee., 26,520 86.6 0.87
Febh,, 41,350 | 4.4 0.4

The portal of the No. 3 adit is situated 1,850 feet southeast of the
“45” mine workings at an elevation of about 3,400 feet above sea
level. It extends in a northward direction as a crosscut for 1,439
feet, and near the face cuts a vein which is probably the Magus or
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a part of it. A drift then follows the vein about N. 67° W. for 960
feet to a point almost directly beneath the old mine workings.
A few crosscuts extend northeast or southwest for short distances
from the drift. The drift, for most of its length, appears to be on
the hanging wall of the vein, and the mineralization is not well ex-
posed except in the last 260 feet. At about 700 feet, the vein is
20-24 inches thick, gradually thinning toward the face of the drift,
where it is 8 inches thick. (See fig. 3.) The mineralization con-
sists of quartz, calcite, and a little ankerite together with sphalerite,
arsenopyrite, pyrite, pyrrhotite, chalcopyrite, and galena. A soft
silicate mineral, probably tale or serpentine, is also present in small
amounts. An assay report of a sample taken from the vein in the
No. 3 drift is furnished by The “45” Mines, Inc. The width is not
given:
Assay of sample from No. 3 tunnel
[C. M. Fassett Co., analyst]

ZHC TDErCOIEY wvianummsm v mmr s ssom B com B S 5 L S s 3 3T
Lead, '(REreellY o e i i s S e S i 6.5
Arsenous oxide (As:O.) (percent)................... 18.5
Silyer (oMNCes Per JoMY .. u il o s amyms Lomiig & 8.0
Cold, (oumnees PelAON Y o5 o r timits 55 55 s 6 o5 0.28

It is possible that the complete vein system on the No. 3 level
has not been disclosed by the present workings. None of the cross-
cuts entering the northeast wall of the drift is longer than 15 feet,
and, considering the branched condition of the vein in the mine
workings some 800 feet above, it would appear practical to explore
the ground northeast of the drift for several more feet in order
to determine whether or not other parallel veins or branch veins
exist.

Two tunnels on the Due Pree and the Hard to Beat claims are
southeast of the “45” mine workings nearly at the same altitude.
The position and structure of the vein at each of these places sug-
gests that the workings are on a southeastern extension of the
Magus vein. The Deu Pree tunnel is in a steep gully about 1,600
feet southeast of the portal of the No. 2 tunnel. It enters the hillside
at one side of the vein, then curves and intersects it at 45 feet.
A drift continues to 117 feet from the portal and exposes a 3- to
4-foot vein consisting of crushed argillite and gouge carrying quartz,
calcite, sphalerite, arsenopyrite, pyrrhotite, pyrite, chalcopyrite,
and galena. Lenses of these sulphides 2-6 inches thick occur in
places. Some marcasite and a small amount of scheelite are also
present, and a polished section of a sample of the vein shows a few
tiny veinlets of a reddish-colored, submetallic mineral that may
be ruby silver. Near the portal of the tunnel a complete section of
the vein is exposed in the floor of the gully, as follows:
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Section of the vein at the Deu Pree tunnel

Material Thickness
| in inches
RSt AT] o e o e S S I L e e et e e e e e e
Gouge containing arsenopyrite and pyrite. ...................... 4
Quartz with pyrite, pyrrhotite, sphalerite, and chalcopyrite. . ... .. i 5
Gouge containing a little arsenopyrite. ....... ... ... ... 9
Quartz and calcite together with pyrite, pyrrhotite, sphalerite,
galena, arsenopyrite, and chalcopyrite....................... 3
Crushed argillite and gouge. ........ccoveinrnrvrmrenrresissasans 6
Quartz containing considerable pyrite, pyrrhotite, sphalerite,
pgalena; and chaleopPrile o e vevmuminies st A e s 5
Brecciated quartz, leached...........ccoiiiiiniiiiiininnnnnennnn 12
Argillite wall containing many calcite veinlets. ..................0..........
d e TR P00 T SRS o MRS e e S s S WL 44

The Hard to Beat working is about 1,100 feet southeast of the
Deu Pree tunnel, and is a drift extending S. 65° E. for 210 feet along
the vein. The mineralization is similar to that at the Deu Pree.
A dike, however, cuts the vein at an acute angle and reduces the
thickness of the vein in the drift from 4% feet at the portal to about
6 inches at the face. West of the portal, the vein is exposed on the
surface for a length of more than 100 feet and to a thickness of 2-4
feet. An assay of a sample of unknown width from the Hard to Beat
tunnel is furnished by the owners:

Assay of a sample from the Hard to Beat tunnel
[C. M. Fassett Co., analyst]
A0 ¢ elc o) 5y SR S B A ) [ SR sy oo 4.3
i T B0 072 et o ) A ) W 4.6
Arsenous oxide (As.O.) (percent)................... 6.2
Silver (ounces per ton)......ccciciiiiieiiieieneinie. 10.4
Gold (ounces per ton).....iaiviiiivivaiiiiiie i s 0.6

No other workings are known to be on the Magus vein. A 20-
foot adit, No. 4 tunnel, is said to be 200 feet below the No. 3 tunnel,
but it was not found. Another tunnel, No. 5, enters the hillside
about 600 feet south of the “45” camp; this was caved at the portal
in 1943, but is reported to be 150 feet in length.

An undeveloped vein is exposed on the “45” No. 7 claim about
1,000 feet south of the “45” camp. It is at an elevation of about
2,100 feet on the east bank of Williamson Creek, about 200 feet above
the mouth of the unnamed stream that drains Copper Lake. The
mineralization occurs in a 10-foot shear zone in quartzitic argillite,
and consists of quartz and considerable pyrrhotite and arsenopyrite
and smaller amounts of sphalerite, pyrite, chalcopyrite, galena and
calcite. A very small amount of scheelite was found. A cross-sec-
tion of the exposure shows:
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Section of the vein-exposure on the “45” No. 7 claim

| .
Material Thickness
in inches

Wall (7)) ottt e e [veninnnnns
Fracture zone containing quartz, arsenopyrite, pyrite, sphalerite,

galena, and chalcopyrite. ...cc.viviviviviivvevive s iiviinies 54
Gouge zone containing stringers 2-4 inches thick of quartz, arseno-

pyrite, pyrrhotite, and sphalerite..............oovinen. ... 42
Fracture zone containing quartz, arsenopyrite, pyrrhotite, sphale-

rite, pyrite, galena, and a little chalcopyrite.................. 24

Wall () guartzitic argillite: . ... coewemmsmamee seeissim s s e | ----------

The strike of this vein is in doubt. It dips steeply and appears to
trend eastward, but it cannot be traced beyond the bank of the
stream because of overburden and thick brush.

MILWAUKEE PROSPECT

The Milwaukee group includes eight unpatented claims named
Milwaukee Nos. 1 to 8. They lie in the SEY; sec. 32, (30-10E) and
adjoin the southeastern part of the “45” group of claims. (See fig. 2.)
A steep trail which leads from Williamson Creek to Copper Lake
crosses the property. The claims were staked in 1940 and 1941 by
Forrest E. Wing and associates of Tacoma. Part of the property is
reported to have been the old Columbus prospect, but, until the
present owners located it, no work had been done for many years.

Two veins on the property are known, and others may be found
as prospecting continues. One is on the Milwaukee No. 4 claim,
and the other, on the Milwaukee No. 5. They both occur on the
precipitous north wall of the canyon of the stream draining Copper
Lake, and are about halfway between the lake and Williamson
Creek. The Milwaukee No. 4 vein is the lower in elevation and is
exposed by a small open-cut at an altitude of about 2,750 feet. It is
a quartz vein, 10-12 inches thick, that occurs in quartzitic argillite.
The strike is N. 80° E. and dip, nearly vertical. The quartz contains
arsenopyrite, pyrite, sphalerite, and a small amount of chalcopyrite.
The vein can be traced on the steep surface for about 50 feet from
the open-cut; beyond, it is covered by overburden and thick brush.

The Milwaukee No. 5 vein occurs about 700 feet southeast of the
No. 4 vein at an altitude of about 2,950 feet. It is a vein of quartz
6-24 inches thick containing sphalerite, arsenopyrite, pyrite, galena,
and a small amount of chalcopyrite. Comb structure in the quartz
is well developed. The vein strikes N. 35° W. and dips 40°-45° SW.
in argillite and quartzite. It is exposed on the surface for a length
of about 150 feet, trending up the steep hillside from near the
bottom of the canyon. Near its lowest exposure, the vein is followed
by a drift for 25 feet, and about 125 feet northwest of this working
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an open-cut has been made. The vein probably continues north-
west but is covered by a mantle of soil. The owners report that an
assay of a sample from the vein showed 10 percent zine and 5 per-
cent lead as well as values in gold and silver.

SILVER HORSESHOE PROSPECT

The Silver Horseshoe group, just east of the Milwaukee group,
consists of 10 claims named Silver Horseshoe Nos. 1 to 10. They lie
north of Copper Lake on the steep south slope of Big Four Moun-
tain, in the SW14 sec. 33, (30-10E). (See fig. 2.) The claims were
staked in 1940 by Forrest E. Wing and associates of Tacoma and are
held by annual assessment work. A steep trail about a mile in
length which leads to Copper Lake from the “45” mine trail on
Williamson Creek, gives access to the southwestern edge of the
property.

The group lies across a contact between argillitic and quartzitic
phases of the old metamorphic series on the north and intrusive
quartz diorite to the south, and several mineralized fracture zones
occur in the quartz diorite. On the Silver Horseshoe No. 3 claim,
these consist of nonpersistent fractures that trend in various direc-
tions and contain fillings of quartz, arsenopyrite, pyrite, chalcopy-
rite, sphalerite, galena, and, rarely, molybdenite. They range in
thickness from a knife-blade to 2 or 3 inches and are at most places
widely spaced. At the discovery cut of the claim, several of these
veinlets converge and form a small lens of quartz and sulphides
4-12 inches thick.

The mineral deposit of the Silver Horseshoe No. 1 claim is in a
steep, narrow gully about half a mile northeast of Copper Lake at
altitudes between 4,500 and 4,800 feet. The gully follows a fault
zone that strikes N. 80°-82° E. and dips almost vertically and which
is exposed on the floor and walls of the gully for a distance of
about 300 feet. The wall rock is quartz diorite. The center of the
fault zone is a 6- to 24-inch gouge seam which contains a few len-
ticular masses of quartz and calcite and a small amount of arsenopy-
rite and chalcopyrite. Branching from the fault zone are a great
many side fractures that are apparently tension cracks. (See fig. 4.)
These strike N. 10°-30° E. and dip 55°-65° SE. and contain consid-
erable quartz, sphalerite, pyrite, chalcopyrite, galena, arsenopyrite,
and pyrrhotite. A small amount of scheelite is also present. These
veins range from a knife-blade thickness to 4 or 5 inches, and extend
into the walls of the fault zone for variable distances; most of them
pinch out within 5 or 6 feet, but a few extend for 30 or more feet.
In most places along the exposed zone of mineralization, several
feet of quartz diorite separate the veinlets; but at one place, where
more intense fracturing occurs, the mineralized cracks are closely
spaced, and, in an area about 5 feet wide and 6 or 7 feet long, they
lace through the country rock and constitute about 50 percent of



48 Geology and Ore Deposits of the Sultan Basin

the mass. It is estimated that this zone would assay about 1 to 2
percent copper, 4 to 5 percent zinc, and 3 to 4 percent lead. Assays
of three samples of this mineralization, reported by Mr. Wing, in-
dicate a fairly high content of silver.

Assays of vein material from Silver Horseshoe No. 1

[Analyst not known|

Sample Sample | Sample
A B C

Lead (percent) ......................... 3.60 10.40 11.30
Gold (ounce per ton).................... 0.04 0.36 0.42
Silver (ounce per ton)................... | 4.80 142.10 160.80

Just above the exposure of the mineralized zone, the quartz
diorite is in contact with quartzite of the old metamorphic series.
Erosion has not been so effective on this more resistant formation as
on the quartz diorite; so the slope gradient is less above the contact
than below. As a result, talus and soil obscure this area, and it is

weLfmiNeRALIZED

TENSION CRACKZ

Ficure 4—Idealized sketch of the Silver Horseshoe No. 1 vein.
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not known whether or not the mineralization persists into the
quartzite.

The structure and mineralization of the Silver Horseshoe No. 1
deposit affords evidence bearing on the manner of its formation.
The stresses that produced movement along what is now the gouge
seam also, apparently, opened the tension cracks that extend out
into the walls of the zone for variable distances. This fault zone
later became a course for hot mineralizing solutions emanating from
magma at depth. The main fracture, however, did not become the
principal locus for the mineralization, most of the sulphides being
deposited in the tension cracks instead. Probably the small tension
cracks in the walls were at a lower temperature than the larger
seam, therefore offering better precipitating conditions. The Silver
Horseshoe No. 1 deposit appears typical of several veins in the
Sultan Basin that are enclosed in quartz diorite.

LITTLE CHIEF PROSPECT

The Little Chief property consists of seven patented claims and
two millsites lying in sec. 5, (29-10E), partly on the steep slopes of
Little Chief Peak. (See fig. 2.) A small cabin is on the property
near the Williamson Creek trail, about 4% miles from the Sultan
Basin road. Part of the claims were staked in 1891 by Archie
Williamson and A. Gordon, and shortly after were acquired and
patented by an organization known as the Stilaguamish and Sultan
Mining Co. In 1943 the property was held by the Sykes estate, of
which the Continental Illinois National Bank and Trust Co. of
Chicago is trustee.
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Two tunnels, the only ones found, are on the Little Chief claim
in a steep, partly snow-filled canyon on the west side of Little Chief
Peak. (See fig. 5.) One is at an altitude of about 3,000 feet, and
the other, 800 feet farther east, is about 700 feet higher. Both are in
the northeast wall of the canyon. The lower tunnel extends for
about 410 feet eastward. No veins are intersected, and the only
mineralization is a small amount of iron sulphide in argillitic and
quartzitic phases of the old metamorphic series. An 8-foot lime-
stone bed is cut 210 feet from the portal. The tunnel was apparently
driven in an effort to explore, at depth, a mineral-showing that
crops out near the upper tunnel. The upper tunnel extends east
for 30 feet, then branches, one branch trending southeast for about
45 feet, and the other, north for 30 feet, then east for 40 feet. The
first part of the tunnel cuts two fracture zones, 2-4 inches thick,
which contain a small amount of quartz, calcite, chalcopyrite,
arsenopyrite, and pyrrhotite. Smaller fractures containing sul-
phides occur in the easterly trending branch, and copper carbonate
stains show at several places. The wall rock is quartzite and con-
glomerate. On the surface near the portal, several patches of
chalcopyrite and other sulphides are exposed on the face of a cliff
over an area of several square feet. This occurrence is due to
erosion along one wall of a narrow vein, leaving part of the other
wall intact and with thin patches of sulphides clinging to it. The
wall is brecciated in places and contains lenses of matted amphibole
crystals together with calcite and chalcopyrite. The vein strikes
northeast and dips vertically. About 100 feet along its strike from
the portal, where both walls of the vein are exposed, it is 3-5 inches
thick. What appears to be a similar vein occurs on an inaccessible
cliff about 90 feet above and northeast of the portal. The face of
the cliff is heavily stained by copper carbonate. Cobalt and nickel
have, for several years, been reported to occur at the Little Chief
prospect. A trace of nickel was found in some specimens, but no
cobalt was detected.

ALPHA AND BETA PLACER CLAIMS

The Alpha and Beta placer claims, on Williamson Creek just
south of the “45” property (see fig. 2), are patented and owned by
the Sykes estate. The claims are contiguous and cover an area of
bottom land below the steep slopes at the head of Williamson Creek.
The alluvium on the property is principally sand, gravel, and large
boulders of schist and quartz diorite that have been carried down
the slopes by streams and snowslides. No pits or other diggings
were found on the property, and apparently no work has been done
for many years.

ALA-DICKSON PROSPECT

The Ala-Dickson property of two unpatented claims is held by
John H. and Robert J. Dickson of Tacoma. It is in the NE¥ sec.
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7, (29-10E), on the northwest slope of the ridge between Williamson
and Stony Creeks. The vein exposures on the property are near
the Williamson Creek trail, 334 miles from the Sultan River, at an
altitude of about 3,000 feet. Here, four nearly parallel zones, 2-3 feet
wide, are exposed on the steep hillside within an area about 90
feet wide. These zones are in eschelon and are strung out for a
total distance of at least 200 feet. They strike N. 30°-45° W. and dip
70°-90° NE. and contain veins 2-12 inches thick of galena, sphalerite,
pyrrhotite, arsenopyrite, and chalcopyrite in a gangue of quartz,
talc, and carbonates of calcium, magnesium, and iron. Silver and a
small amount of gold are also present as indicated by assays. The
wall rock is chiefly serpentinized peridotite which intrudes the old
metamorphic series nearby. A narrow, interrupted quartz diorite
dike occurs along part of this contact, and one of the veins lies
against this dike. Further work on the property appears to be
warranted.

NORTH FORK OF THE SULTAN RIVER AREA
SULTAN KING PROSPECT
The Sultan King property consists of eight patented claims in
secs. 36, (29-10E) and 1, (28-10E); eight unpatented claims are
adjoining. The group extends eastward from the head of the North
Fork of the Sultan River, over the ridge that separates the Sultan
from the Silver Creek drainage. (See fig. 6.) Altitudes on the
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property range from 3,300 feet on each side of this divide to more
than 5,000 feet on Crested Buttes and other high points on the ridge.
The prospect is reached by a 3-mile trail that extends from the
end of the Sultan Basin road; another old trail is reported to reach
the property from the Silver Creek road, which is about 1 mile to
the east.

The Sultan King prospect was formerly known as the Sultan
Queen, and was recorded under that name in 1892 by George E.
Farrell. Since then, it has also been known as the Sultan group (or
mine) and the Hicks property. The present owner is the Sultan
King Mining Co., Seattle, of which Frank Goodwin is president and
Richard Desimone is secretary-treasurer. Several hundred feet of
underground work was done on the property prior to 1926; and in
1920, 24 tons of ore, reportedly valued at $42.00 per ton, were
shipped to the Tacoma Smelter. No buildings are now standing on
the property.

The predominant rocks at the Sultan King are quartz diorite and
the overlying intruded conglomerate-argillite series. The contact
zone between these rocks is well exposed in this area; in many
places it consists of a breccia containing considerable specular
hematite and pyrite together with a small amount of pyrrhotite
and chalcopyrite. The oxidation of these minerals has resulted in
the stain of iron oxide that characterizes many of the outcrops
here. Several veins, from a fraction of an inch to more than 3 feet
in thickness, cut through the country rock and contact zone; they
trend in various directions from N. 70° E. to S. 65° E. and dip
steeply southward. Some of these have been explored by six under-
ground workings and by several open-cuts, which are indicated by
numbers and letters in figure 6.

The principal vein of the group is one that occurs in a steeply
dipping fault zone that trends S. 59°-63° E. through both quartz
diorite and the conglomerate-argillite series. The vein is exposed
on the western side of the Crested Buttes ridge in a steep, narrow
gully, in open-cut “c¢”, and also by tunnel Nos. 1, 2, and 3. These
indicate a total length for the vein of at least 1,000 feet on the
western side of the ridge, and, presumably, it extends farther east-
ward into the area on the Silver Creek side. The No. 1 tunnel, at
an altitude of about 3,800 feet, enters the hillside a short distance
to one side of the vein and was driven almost parallel to it for 440
feet before intersecting the vein. It then extends as a drift for 610
feet. Several crosscuts, all from 10 to 20 feet in length except one
that is 70 feet, extend to the northeast or southwest from the drift.
(See fig. 7.) These workings have a total length of more than 1,200
feet. The vein, exposed by the drift for at least 535 feet, is from
12 to 72 inches in thickness and averages about 21.5 inches. Some
of the crosscuts expose other smaller veins, 2-6 inches thick, that
are roughly parallel to the larger vein. For the first 450 feet in the
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drift the main vein is fairly regular and consists of quartz that
contains chalcopyrite, pyrite, and pyrrhotite, together with smaller
amounts of molybdenite and arsenopyrite; gold and silver also are
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FIGURE 7. — ASSAY PLAN OF DRIFT
IN NO.I TUNNEL, SULTAN KING PROSPECT.
SAMPLED IN 1926 BY PH HOLDSWORTH.
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reported to be present. A small amount of odlitic marcasite, prob-
ably a result of secondary processes, was found in a minute cross-
fracture. Some magnetite is in vein-material on the dump, but the
place where it occurs underground was not found. From about 450
to 535 feet, the drift follows a zone of gouge and altered quartz
diorite which contains sulphides but only a small amount of quartz.
This rock is soft and has caved, almost blocking the drift in some
places. Beyond 535 feet the drift is not definitely on the main vein;
an 8-inch vein is at the face, but it may be one of the smaller
parallel ones. In the last 100 feet of the drift the wall rock is not
entirely quartz diorite; other rock that is present is of obscure
origin, possibly sedimentary. The drift may have entered the con-
tact zone between the quartz diorite and the conglomerate-argillite
series.

Figure 7 is a plan of the drift in the No. 1 working, showing
assays which were made available by P. H. Holdsworth, E. M., who
sampled the vein several years ago. The percentages of copper
shown are the averages of two sets of samples, each taken in the
same place and over identical widths; they were assayed by I. F.
Laucks, Inc. As the walls contain some value, an average width
of about 47 inches was sampled, although the average width of the
vein, as mentioned previously, is only about 21.5 inches. The
copper content shown by the samples is doubtless less than the
content of the vein alone, but is more indicative of what would be
expected from a mining width.

A drift, No. 3 tunnel on figure 6, was driven 10 feet on the vein
at a place about 150 feet northeast of the portal of the No. 1 tunnel.
The vein, here, is 8-12 inches thick and contains spotty mineralization
consisting of quartz and sulphides. This working is at the bottom
of a steep gulch that follows the vein.

No. 2 tunnel is about 600 feet up the gulch at an altitude of about
4,300 feet. It is a drift, trending S. 50° E. for 110 feet and exposing
two parallel veins, each 8 to 15 inches in thickness and separated
by 4 feet of quartz diorite. Mineralization is similar to that in the
No. 1 tunnel, which is about 450 feet beneath No. 2. Open-cut “c”
is about 500 feet east of the portal of the No. 2 tunnel and 150 feet
higher in elevation. It exposes a 1-foot vein of sulphides in quart-
zite. The mineralization is chiefly pyrite which contains scattered
blebs and stringers of chalcopyrite, arsenopyrite, pyrrhotite, and a
little magnetite. Microscopic quartz-filled fractures cut these
sulphides and, locally, give a platy structure to the vein. The
fracture zone containing this vein continues eastward from open-
cut “c”, through a gap on the ridge, and into the Silver Creek
drainage. Displacement of argillite and sandstone beds are shown
along the zone at the summit of the ridge.

About 200 feet south of the main vein, another one, seemingly
parallel, is shown on the floor of a gully. Open-cuts “b”, at an
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altitude of about 4,300 feet, expose this vein in quartz diorite a
short distance from the contact with the conglomerate-argillite
series. The vein is from 1 to 3 feet thick and consists of quartz
with considerable arsenopyrite and lesser amounts of chalcopyrite,
pyrite, pyrrhotite, and sphalerite. It is enclosed in a brecciated
zone about 5 feet wide that strikes N. 76°-87° W. and dips 80° NE.
Open-cut “a”, several hundred feet west of “b”, may be on an ex-
tension of the vein. Here, a 4-foot fracture zone striking eastward
is weakly mineralized by quartz and sulphides.

North of tunnel No. 1, several small veins enclosed by quartz
diorite have been prospected. Tunnel No. 4, 15 feet long, is about
300 feet northeast of the portal of tunnel No. 1 and 150 feet higher
in elevation. It trends S. 61° E. on an 18-inch vein which consists
of 12 inches of brecciated material and 6 inches of quartz, chalcopy-
rite, pyrite, and arsenopyrite. The vein is exposed for at least 100
feet farther on the face of a cliff above the portal. No. 5 tunnel,
about 450 feet north of No. 4, was driven eastward for 47 feet on a
series of mineralized stringers. A winze, 12 feet from the portal,
is at least 8 feet deep. Mineralization occurs chiefly in stringers
from 3 to 6 inches in thickness that contain a mixture of arsenopy-
rite, pyrite, chalcopyrite, and specular hematite. Considerable
specular hematite also occurs in the surrounding coarse-grained
iron-stained quartz diorite. Tunnel No. 6 is about 200 feet north
of No. 5 at a slightly lower elevation and follows a fracture zone
N. 80° E. for 21 feet. Mineralization, consisting of pyrite, arseno-
pyrite, some chalcopyrite, and specular hematite, is confined to a
2- to 6-inch zone in the quartz diorite.

FLORENCE RAE MINE

The Florence Rae property, of 14 unpatented claims, is owned
by Harry Rudebeck of Everett and is in sees. 26 and 27, (29-10E),
on the rugged eastern slope of Red Mountain. (See fig. 8.) The end
of the Sultan Basin road is at the eastern edge of the property near
the North Fork of the Sultan River, and trails lead up the hillside
to several veins and workings. One cabin is at the end of the road
at an altitude of 2,500 feet, and two others are about a third of a
mile west at an altitude of about 3,500 feet. A two-cable gravity-
operated tramway, about 4,500 feet long, connects a bunker on the
road with the Florence Rae mine, at an altitude of 4,450 feet.
During the periods 1918-19 and 1938-41 the mine produced a total
of 606.11 tons of crude ore which was shipped to the Tacoma Smelter.
Based on smelter returns, this ore averaged about 12.6 percent
copper and 4.22 ounces of silver per ton together with a small
amount of gold. The claims of the group were staked during the
vears 1908-11 by George Moshier, Frank Curtiss, William Stotreon
and others, and they were acquired a short time later by Nicholas
Rudebeck. Since then, the property has been held by the Rudebeck
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family; for short periods, however, it has been under lease to
others.

Geologically, the Florence Rae property is in one of the most
complex areas of the basin. Here, the old metamorphic series is
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intruded by peridotite, and both of these rocks have been intruded
by a quartz diorite mass and several dikes. Faulting in these rocks
has complicated the structure. Mineralization is of two forms:
veins that occupy fault zones, and small chromite bodies that occur
in the peridotite.

The Florence Rae mine is on the Margaret Moshier vein (see
figs. 9 and 10), at the head of a talus slope at the base of cliffs on
Red Mountain. The vein strikes N. 58°-62° W. and dips 35°-50° SW.
Two drifts, one 12 feet in elevation above the other, have been
driven on the vein and are connected by a stope. The ore body is a
lenticular or pod-shaped mass that occurs in the vein as an ore
shoot. It consists of chalcopyrite, pyrite, pyrrhotite, sphalerite,
magnetite, and a little galena, together with quartz, amphibole,
calcite, and some serpentine. Assays show that a very small amount
of nickel—less than (.25 percent—also occurs in the ore. The ore

body was at least 4 feet thick where mined in the center of the
stope, but it thins to 3 inches or less toward the northeast, as
indicated along the edges of the stope and in the drifts. The upper
drift follows the vein for about 70 feet. It is on the footwall, and
a raise driven northeast from a place near the face of the drift is
probably 3 or 4 feet under the vein. An open-cut, 25 feet above
this drift, shows nearly massive chalcopyrite from 1 to 4 feet in
thickness, indicating that the ore shoot persists upward to the
surface. The lower level follows the vein for 175 feet, then turns
southwest away from it. From 55 to 105 feet, it contained the lens
of ore which was stoped northward for about 40 feet up to the other
drift. It was also stoped to the south, but in 1943 this section of the
vein was covered by waste and could not be observed. At the place
where the lower level turns southwest, the Margaret Moshier vein
is a 4-foot zone of calcite together with some quartz and a small
amount of sulphides. Here, it is so weakly mineralized, compared
to the section of the vein that was stoped, that it may not have been
recognized as the vein and, therefore, not followed. The lower level
continues southwestward as a crosscut through quartzite, serpen-
tine, and quartz diorite to a place 364 feet from the portal. At 205
feet it intersected a fracture zone, and drifts were driven northwest
for 16 feet and southeast for 9 feet. At 315 feet from the portal the
crosscut intersects a fault zone that is weakly mineralized by quartz,
pyrrhotite, pyrite, and chalcopyrite. A small amount of stoping
was done on this vein, but the owner reports that it was too low in
grade to be mined profitably. A drift follows this fault northwest-
ward for 170 feet through serpentinized peridotite, and another
drift, blocked at the collar by broken rock from the stope, extends
southeast for a reported distance of about 165 feet. This weakly
mineralized zone occurs on the surface about 150 feet south of the
portal of the lower tunnel.
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From the Florence Rae mine, the Margaret Moshier vein ap-
parently continues northwestward for several hundred feet, as
shown in figure 10, but, owing to inaccessible cliffs, it cannot be
traced on the surface for the entire distance. From 550 to 800 feet
northwest of the mine, a vein crops out on the surface. It is in line
with the trend of the Margaret Moshier vein, agrees with it in
strike and dip, and is believed to be the extension of it. In a steep
gully, locally called Copper Knob Canyon, an open-cut at an altitude
of about 4,750 feet exposes several narrow stringers and lenses of
chalcopyrite together with some sphalerite, galena, and specular
hematite. The enclosing rock is highly altered, owing to contact
metamorphism effected by a nearby quartz diorite dike; and prob-
ably the specular hematite, which has an unusual association, is
a contact-metamorphic mineral. According to Mr. Rudebeck, this
exposure is the remains of a larger lenticular mass of sulphides
that has been mined out. Northward from here, the vein can be
traced up and along the face of a cliff through metamorphic rocks
and quartz diorite. It is 1-8 inches thick for about 200 feet, then
abruptly attains a thickness of about 4 feet and, there, is nearly
massive chalcopyrite. The vein extends farther north on an in-
accessible cliff and is marked by prominent blue and green copper
staining.

The gully known as Copper Knob Canyon follows a southeast-
ward-trending zone of fracturing which crosses the Margaret
Moshier vein. Some brecciation ocecurs, and a small amount of
mineralization consists of calcite, quartz, and minor sulphides. An
11-foot tunnel driven at one side of the gully shows no mineraliza-
tion.

The Lambert vein system is exposed on the surface about 1,500
feet south of the Florence Rae mine, and consists of small, irregularly
spaced veins in a fault zone. This fault strikes N. 55°-65° W., dips
75°-90° NE., and is marked by gullies on each side of Red Mountain.
Below an altitude of about 4,800 feet, on the eastern side of the moun-
tain, the zone is enclosed by quartz diorite, but at higher elevations
the wall rock is the old metamorphic series. Mineralization was
observed between 4,500 and 4,700 feet, where it can be traced on the
surface for about 400 feet. The veins are from 1 to 11 inches in
thickness and contain chalcopyrite, pyrrhotite, and magnetite, to-
gether with amphibole, serpentine, and some quartz. At the crest
of the mountain, at an altitude of about 5,400 feet, the fault zone
includes about 6 inches of gouge, 8 inches of mineralized breccia, and
4 inches of nearly massive chalcopyrite. Northwestward from here,
down toward Elk Creek, the zone is marked by a snow-filled gully.

The Copper King vein occurs about 1,500 feet northeast of the
Florence Rae mine. It is well exposed in a breccia zone for about
30 feet near the northwest corner of the Junie Lode No. 2 claim,
at an altitude of about 3,700 feet, and its trend above and north-
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westward from this place is marked by a gully. The vein strikes
N. 34°-58" W., dips nearly vertically, and consists of 1-2 feet of
quartz, pyrite, arsenopyrite, and chalcopyrite. About 500 feet north-
west of the 30-foot exposure, a branch fault zone about 4 feet wide
trends S. 30° E. and also is marked by a gully. The southwest wall
of the fault is heavily serpentinized and contains seams of tremolite
as much as 7 inches thick.

Magmatic segregations of chromite crop out in an area of
peridotite southwest of the Copper King vein, but no prospect work
has been done on them. They occur as irregular masses that are
generally only a few inches thick, but one lens was found that
measured about 4 by 5 feet in cross-section. The bodies consist of
fractured crystals of chromite. about 1 millimeter in diameter, em-
bedded in serpentine. In the centers of the lenses, the crystals are
thickly disseminated and constitute about 75 or 80 percent of the
rock, but toward the edges they are less concentrated. A little
pyrrhotite occurs as microscopic specks among the chromite crys-
tals. One specimen of typical chromite-bearing material was as-
sayved by Willis H. Ott of Seattle and found to contain 23.6 percent
chromium (Cr) and 16.3 percent iron (Fe). This does not necessarily
indicate an unfavorable chromium-iron ratio in the chromite, for the
serpentine gangue, which contains some iron, could be eliminated
by concentration.

The Junie working is on the Junie Lode No. 1 claim, approxi-
mately 1,000 feet west of the end of the Sultan Basin road, at an
altitude of about 2,600 feet. A drift was driven S. 65° W. for 170
feet on a vein that ranges from a fraction of an inch to 4 inches in
thickness. The wall rock is quartz diorite, and the mineralization
consists of chalcopyrite, together with amphibole, and a little quartz
and scheelite. The vein can be traced for about 300 feet southwest-
ward in a shallow gully above the tunnel.

DORIS PROSPECT

The Doris property, consisting of five unpatented claims, is in
secs. 34 and 35, (29-10E), on the east slope of Red Mountain, south
of the Florence Rae claims. (See fig. 8.) The property was first
staked in the early 90’s, and for several years was known as the
Blackman and Brown claims. During the last 40 vears it has had
several owners; the present ones are reported to be Kelly Summer-
field and others of Sultan, Wash. Two veins are on the property.
One occurs on the banks of the North Fork of the Sultan River at
an altitude of about 3,000 feet, and the other is on the mountain
slope some 1,500 feet west and at 3,700 feet altitude. They are
reached from the end of the Sultan Basin road by 1 mile of trail that
follows up the North Fork of the Sultan River to a place near the
lower vein, then leads up the mountain slope to the other.

The upper vein is explored by a drift that trends westward for
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Ficure 11—Sketch of workings at the Doris prospect.

250 feet and follows a nearly vertical mineralized fault zone 1-4 feet
wide which cuts through quartzitic and hornfelsic phases of the old
metamorphic series. (See fig. 11.) Two narrow aplite dikes crop
out a few feet above the portal. In the drift, at 57 feet from the
portal, a shaft, now full of water, has been sunk to a reported depth
of 40 feet. The first 100 feet of the drift exposes chalcopyrite,
pyrite, and a little sphalerite that occur intermixed with breccia
and also as irregularly spaced lenticular masses 6-30 inches thick.
In some places, especially near the portal, narrow branch fractures
leading out into the walls are also well mineralized by sulphides.
The entire vein contains an unusually small amount of quartz.
Considerable malachite and some chrysocolla and bornite occur at
places in the vein, and malachite stains the walls of the drift near
the portal. Beyond 100 feet, the vein thins and varies in thickness
from 1 to 12 inches. A crosscut 30 feet back from the face cuts three
small parallel fractures 6 inches apart, and chalcopyrite together
with pyrite, sphalerite, and quartz occurs between two of them.
From a place on the surface about 225 feet north of the portal of
the drift and 100 feet lower in elevation, a crosscut was driven
southward in quartzite for about 200 feet but does not reach the vein.
It cuts two narrow dikes that are probably offshoots of a large mass
of quartz diorite that crops out about 200 feet lower on the hillside.

The lower vein is developed by two 6-foot drifts, driven into op-
posite banks of the river, and a shaft 10-15 feet deep at one of the
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portals. The drifts are on a shear zone striking N. 34° E. and
dipping 70° NE. through quartz diorite. Only a small amount of
mineralization is shown in them, but the dump of the shaft con-
tains large blocks of nearly massive chalcopyrite, indicating that a
vein at least 11 inches thick is in this working. Quartz and a small
amount of scheelite are associated with the chalcopyrite. Brush and
soil prevent observation of the vein beyond the banks of the river.

SULTAN BASIN MINING CO.

The Sultan Basin Mining Co., of Sultan, Wash., headed by
George Startup, president, and George Heald, secretary, holds a
group of 14 unpatented claims and fractions in the northern part
of sec. 27, (29-10E). (See fig. 8.) These claims extend from the
North Fork of the Sultan River southwest across the summit of the
ridge that projects northwestward from Red Mountain. The North
Fork truck road crosses the lower part of the property, and trails

extend up the ridge to three groups of workings on different claims.
Part of the ground was originally staked by George S. Moshier in
1901. After a short period of development by a concern known as
the North Coast Copper Co., the property became idle until 1914
when Moshier, William Stotreon, Frank Curtiss, and others formed
the Iowa Mining Co., and, in 1915, produced 104 tons of copper ore
of excellent grade. In 1930 the present company was organized and
since that time has staked new claims, done exploratory work on
the Calumet claim, and shipped about 96 tons of ore from the old
Iowa mine.

The old Iowa mine camp, consisting of two cabins, is situated on
the road near the river. Equipment on the property in 1944 in-
cluded a diesel engine belted to a small compressor, pipe lines, track,
muck cars, and a few tools for small-scale mining. A 1,300-foot
two-cable gravity-operated tramway connects the old Iowa work-
ings with a bunker near the mine camp, and another single-cable
tramway extends up the hill about 2,000 feet from the old Iowa
to the Calumet workings. The group of claims lies across a contact
of the old metamorphic series and intrusive quartz diorite; this
roughly follows the contour of the mountainside between elevations
of about 2,600 and 2,900 feet above sea level. The metamorphic
series is cut by several other intrusives which include the peridotite-
serpentine zone and also dikes that are offshoots from the quartz
diorite batholith. Several veins fill fractures in these rocks, and
three of them on the property have been developed to some extent
by the three groups of underground and surface workings: the
Jerry Chatman drift in the Mint No. 3 claim, the old Iowa workings
on the Mint and Mint No. 1 claims, and the Calumet workings on
the Calumet claim.

The Jerry Chatman drift is about half a mile northwest of the
Towa camp and was driven many years ago on an irregular vein in
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the old metamorphic series. The portal is situated 700 feet in
elevation above the valley floor at an altitude of about 2,700 feet,
but it is difficult to find because the trail leading to it is so over-
grown with trees and brush that it is practically obliterated. The
irregular contact between quartz diorite and metamorphic rock is
exposed about 100 feet below the portal. The drift extends S. 83°
W. for 172 feet and follows the vein, which dips 75°-90° SW. For the
first 125 feet the vein is from 2% to 4 feet in thickness, but farther
on it thins gradually and is a 3-inch seam at the face. In places, the
vein is a narrow zone of brecciated wall-rock containing chalcopy-
rite, bornite, and, in cracks, copper carbonate. Elsewhere the vein
is predominantly quartz showing sulphides as well as a small amount
of scheelite. The wall-rock is quartzite containing chlorite and con-
siderable serpentine; this latter may have been introduced from the
nearby peridotite-serpentine mass.

The old Iowa workings consist of three levels situated 1,000 to
1,400 feet southwest of the mine camp and 550 to 900 feet in elevation
above the valley floor. (See fig. 12.) The two upper levels, Nos. 2
and 3 at altitudes of 2,850 and 2,895 feet, are on a branching vein
enclosed by quartz diorite and are only a few feet below the contact
between this rock and the intruded metamorphic series. The
lowest level, No. 1 at an altitude of about 2,550 feet, was apparently
driven in an effort to intersect the vein that is exposed in the upper
workings. All these workings enter the hillside just south of a
steep, narrow gulch that trends eastward from the top of the ridge.
The two upper levels extend completely through the shoulder of
this gully, and thus each has two portals.

Mineralization in the veins consists principally of quartz and
chalcopyrite and lesser amounts of calcite, scheelite, powellite,
molybdenite, sphalerite, and chlorite. A small amount of bornite
and malachite also exists, and gold and silver are present in minor
quantities as indicated by assays. The width of the vein is from
3 or 4 inches to at least 24 inches and was possibly as wide as 48
inches in old stopes. The No. 3 level follows a part of the vein N.
64° W. for 210 feet, but is blocked for a short distance by muck that
has fallen through broken timbers from an old stope. The No. 2
level, 45 feet lower than No. 3, follows a branch vein N. 79° W. for
155 feet, at which place this branch intersects the vein that is ex-
posed in the drift above. The No. 2 level then continues on this
vein N. 66° W. almost directly beneath the No. 3 level for 107 feet,
then turns and extends northeast for 25 feet, opening out into the
gully 35 feet below the northwest portal of the No. 3 drift. A raise
connects these two upper levels, and a vertical shaft extends from
the No. 3 level to the surface. Stoping has been done at two places
above the No. 3 level and also on each side of the raise below this
drift. It was from these workings that the old Iowa Mining Co.
mined and shipped 104 tons of ore which contained approximately
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20 percent copper, 0.223 ounces of gold, and 3.23 ounces of silver
per ton, suggesting that a lens of high-grade ore was at the inter-
section of the two branches of the vein. Remnants of the vein left
on the ends of the stope below No. 3 level show an 8-inch streak
of nearly massive chalcopyrite; probably the mineralization was
wider where the principal stoping was done. Other portions of the
vein are not so well mineralized, but four small underhand and over-
hand stopes were made on the branch vein followed by the No. 2
level. The width of the vein, here, is from 14 to 20 inches, and it
contains streaks of nearly solid chalcopyrite 3 to 4 inches wide. The
production of approximately 96 tons made during the years 1937-41
is reported by the owners to have been mostly from these small
stopes. Two smelter returns are available for a part of this ore:

Smelter returns on ore from Sultan Basin Mining Co., Iowa Mine

| Gold Silver l Copper

Date | Tons (ounces) {ounces) (percent)
November, 1937 ... .o iiiiiinii. 217 0.05 245 12.55

July;: 1940 5 csiiniinai snam s | 21.0 0.07 3.84 16.81

The main vein extends northwest beyond the portals of the Nos.
2 and 3 levels, and appears to merge with a major fracture zone that
is cut by the gully and strikes nearly at right angles to the meta-
morphic-quartz diorite contact. About 200 feet west of the tunnels
this zone enters the rocks of the old metamorphic series and appears
to branch. Mineralization follows some of these branches, as indi-
cated by green copper stains on the canyon walls, but none appears
to be of minable width. Near the portal of the No. 3 tunnel a lens
of quartz and chalcopyrite, 16 to 22 inches thick, occurs in quartz
diorite in the floor of the gully.

The portal of the No. 1 level is about 350 feet northeast and 300
feet in elevation below the southeast portal of the No. 2 level. The
tunnel trends about 50 feet westerly, then branches. One branch
leads northwest for 35 feet, and the other southwest for 135 feet.
The entire working is in strongly jointed quartz diorite, and some
joints, notably in the southwest branch, contain thin veinlets of
quartz, calcite, and chalcopyrite. If the southwest branch were con-
tinued another 125 to 150 feet, it should intersect the vein exposed
in the eastern portion of the No. 2 tunnel, providing, of course, that
this vein extends another 150 feet eastward and about 300 feet
downward.

The third group of workings on the Sultan Basin Mining Co.
property is on the Calumet claim, about 0.7 mile west of the Iowa
Camp, on the summit of a high ridge at elevations of from 4,600
to 5,000 feet above sea level. This area is best reached by the trail
that leads to the Florence Rae mine; then, from a place just below

the mine, going northward for a quarter of a mile. Here, a vein in
-3
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rocks of the old metamorphic series and serpentine extends across
the summit of the ridge and has been prospected by one under-
ground and several surface workings. (See fig. 13.) It is, possibly,
a northwest extension of the Copper King vein on the Florence Rae
property. (See p. 59.)

DATUM APPROXIMATELY SEA LEVEL

OPEN CUTS,
NUMBERS REFER <75 /P
TO TEXT

Ficure 13—Sketch of surface and workings on the Calumet claim,
Sultan Basin Mining Co.

On the Calumet claim, a tunnel was driven southward as a cross-
cut for 110 feet through a quartz diorite dike, then 60 feet through
metamorphic rock to the vein; then as a drift N. 57° W. for 50 feet;
then southwest for 30 feet as a crosscut. The vein is in a fracture
zone and locally consists of a quartz lens from 6 to 24 inches in
thickness, containing irregular masses of chalcopyrite. This lens
pinches out near the face of the drift, but the vein, no doubt, con-
tinues as indicated on the surface, and further drifting would
probably disclose more mineralization. About 150 feet southwest
of the portal of the adit and approximately 100 feet in elevation
above it, the vein is exposed on the surface. The zone of fracturing
is about 12 feet wide, and it contains lenses and veinlets of quartz
containing chalcopyrite, pyrrhotite, arsenopyrite, and marcasite.
The zone trends about N. 45° W. and dips almost vertically, and
continues up to and over the summit of the ridge. About 100 feet
above the exposure, the zone splits, and a branch trends westward
also over the summit of the ridge. The main zone is exposed again



North Fork of the Sultan River Area 67

west of the summit of the ridge in nine open-cuts that disclose min-
eralization over a total length of at least 650 feet. The first four
open-cuts, numbered 1 to 4 on figure 13, show an irregular siliceous
zone, 1-5 feet wide, that contains chalcopyrite, pyrite, pyrrhotite, ar-
senojyrite, sphalerite, galena, and marcasite. Near open-cut No. 3
the zone apparently branches, for the next five open-cuts show min-
eralization trending N. 70° W. and dipping 80°-85° SW., approxi-
mately parallel to the other branch zone observed on the eastern side
of the ridge. No. 7 open-cut is on a zone, at least 17 feet wide, of
silicified metamorphic rock containing disseminated chalcopyrite,
pyrite, arsenopyrite, and sphalerite. In places this zone is consider-
ably oxidized and leached. Nos. 5, 6, and 8 open-cuts expose parts
of this zone. No. 9 open-cut shows an oxidized and somewhat
leached zone of undetermined width which is flanked on the north
by a hard, siliceous wall containing considerable sulphides. The
wall strikes N. 76 W. and dips 87° SW. About 15 feet north of this
exposure is another siliceous zone about 3 feet wide which strikes
N. 55 E. and dips almost vertically. It contains considerable
chalcopyrite, sphalerite, galena, and iron sulphides. Its relation to
the main vein is not known, but it may be a part of it.

Several assays of samples taken from these surface cuts were
made available by the owners. In some instances neither the work-
ing from which the sample was taken nor the width represented is
known, but these assays indicate the tenor of some of the mineral-
ization and for that reason are useful. Sample No. 9, also included,
was a specimen taken by the writers from the well-mineralized
north wall of the oxidized zone in open-cut No. 9.

The gold content indicated by several of these assays is inter-

esting, especially No. 6, from the No. 7 open-cut. This sample is

Assays of samples from the Calumet open-cuts

No, Place taken Width Gold Silver Copper Zine
(inches) {ounees) (ounees) | (percent) | (pereent)
1@ vvens o | N0 1 OpeD-eul (D oincamnns ? 0.39 1.21 200 | L atnine s
Wi No. 1 open-eut (P)...ovnnie ? 0.15 1.60 5 | e o
8@.....c.i.. No. 2 opencut (P)......0000 16 0.M5 2.35 3.02 0.10
KD vieeevens| Now 2 openeab (..o, 24 .01 1.25 TR0 [asinmeans
¥D.eeerere..| No. 3 open-cut (#)... .00 16 .03 4.10 §.50 3.40
6@..eoeene. NO. T open-eut .o..ovvvenns. ? 1.08 500 (et I I .
T@.eveervin. No. 9 open-cut (D....coueee ? tr 1.20 Tl | covansms
Bicieinias: | NO. 9 OpRD-Ob. < covavieveion ? 0,06 3.60 s, | I N e
9D vvvnnies | No. 9 open-eutiaiiiiiiiaenes specimen 0.0 4.00 0,50 4.8
100): ci5waia I ? | G0 0.a0 0.56 3 331, ] (R TR e
Analysts: @A, 1. Glover, Ine., Seattle; @& Britannia Mining & Smelting Co., Ltd.;

) )]
A Willis H, Ott, Seattle.
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reported to have been taken from the highly oxidized portion of the
vein, where there may have been some enrichment near the surface.

No other exposures of the Calumet vein are known west of the
No. 9 open-cut. Another vein occurs about 1,000 feet northwest
of the Calumet workings in a steep, narrow gully near the western
end of the Silver King claim. On the floor of the gully, quartz
stringers from Y to 1 inch in thickness lace through a 2-foot fracture
zone which trends about east. With the quartz is chalcopyrite,
sphalerite, and a little galena.

Another exposure of a vein containing nearly massive chal-
copyrite is reported to occur about 2,500 feet north of the Calumet
workings on the Polar claim. The terrain of that area is exceedingly
rough, and an effort to find the deposit was unsuccessful.

SUNRISE PROSPECT

The Sunrise property, owned by C. H. Kelly of Monroe, Wash.,
is a group of four unpatented claims which lie across the north line
of sec. 15, (29-10E), near the head of Vesper Creek. A trail leading
from the Sultan Basin road through Headlee Pass to the South
Fork of the Stilaguamish River crosses the claims about 2 miles
from the road. A cabin is on the claims. The property was first
recorded in 1897 by F. M. and T. E. Headlee and G. E. Humes, and
was later owned by the Sunrise Mining Co. who gave the prospect
its name. The present owner acquired the property in 1913.

The mineral deposit is a large mass of quartz-cemented crush
breccia which contains, as ore minerals, chalcopyrite and molybde-
nite. It outcrops at altitudes of 4,400 to nearly 5,000 feet throughout
several thousand square feet of a rough, precipitous area. (See fig.
14.) It appears to be a pipe-shaped mass rather than a longitudinal
zone, and is traversed by quartz veins that extend beyond the limits
of the brecciation. The wall rock is the old metamorphic series
consisting, locally, of conglomerate, siltstone, and some quartzite;
some of it could best be termed a hornfels. The breccia fragments
are also of this material and range in size from an inch to as much
as 20 inches in thickness and average 1-2 inches. Their shape is
generally tabular, and, although some are slightly rounded, most of
them are sharp, angular fragments that lie in groups of more-or-less
parallel arrangement. Within a few hundred feet to the northeast,
the metamorphic rocks are in contact with quartz diorite.

Vugs in the breccia zone are common and are generally an inch
or two in diameter and lined with small quartz crystals. One vug,
2-3 feet in diameter and lined with large quartz crystals, was re-
ported to have been found when driving one of the tunnels. Chal-
copyrite, pyrrhotite, molybdenite, and siderite occur irregularly
through the brecciated area, and there is a suggestion that most of
this mineralization occurred near the edges of the mass. The sul-
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phides are present in considerable quantity in some places, and
samples that might be taken over widths of several feet would
probably assay close to 4 percent copper; at other places, however,
the mass is nearly barren of sulphides. Further work is desirable
to delimit the mineralization. Where present, the sulphides fill the
interstices of the breccia. Finely divided molybdenite was the
earliest formed, and, in fact, was partly deposited directly on the
breccia fragments to be later overlain by quartz. The pyrrhotite
and chalcopyrite were deposited chiefly in the quartz-lined vugs,
and many irregular masses of chalcopyrite about the size of peas
may be found clinging to quartz crystals in cavities. Siderite also
occurs as crystals with the quartz, and a trace of nickel was found
associated with one specimen of this mineral.

The best exposures of the brecciation are along a northeastward-
facing cliff near the trail. Three open-cuts have been made along
this cliff, and three tunnels are driven northwestward into it. (See
fig. 14.) The lowest tunnel was driven 45 feet and barely penetrates
the breccia. A trail cut just above this working shows well-
mineralized breccia which would probably assay 2 to 4 percent
copper. The next tunnel, about 50 feet northwest of the lowest one,
follows a 3-inch quartz vein for 35 feet through weakly mineralized
breccia, and an open-cut about 100 feet northwest of the portal
shows similar material. The third and highest tunnel is near the
northern side of the breccia area and extends S. 65° W. for 255 feet
along a 1- to 2-foot quartz vein that dips 77° NE. and occupies a
fault zone in the breccia. A 12-foot raise was driven on this vein at
one place, and six crosscuts extend to the northwest or southeast
from the drift. Mineralized breccia is exposed in places on the
walls of the drift and in the crosscuts, but the vein contains only a
small amount of sulphides together with some calcite. Near the
face, the vein shows 4-6 inches of massive chalcopyrite for a length
of about 6 feet. This vein is exposed on the surface above the drift
and can be traced upward for about 200 feet on the steep slope.
Another nearly parallel vein is also exposed on the surface about
50 feet to the northeast. For a length of about 150 feet it contains
from 6 to 17 inches of nearly massive chalcopyrite and pyrrhotite
together with some quartz and a little sericite. Comb structure
of the quartz is well developed. One of the crosscuts in the upper
tunnel cuts this vein but apparently does not reach the richest part
of it. About 400 feet southwest of the portal of this tunnel, a 2-foot
quartz vein is exposed on the wall of a gully, and its attitude sug-
gests that it is an extension of one of those at the tunnel. North-
east of the tunnel, a narrow fracture zone containing some mineral-
ization is exposed for several hundred feet away from the main
breccia zone as interrupted outlcrops. About 150 feet northwest
of the upper tunnel, an open-cut has been made on the northern
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edge of the breccia-area. Here, the breccia is well mineralized by
chalcopyrite and molybdenite.

About 1,000 feet southwest of the Sunrise workings, a steep,
narrow canyon trends southward and opens into Vesper Creek
several hundred feet below the prospect. At a place along the walls
of this canyon, a network of quartz veins, lacing through quartzite,
is exposed in a zone 100-200 feet wide. This is well mineralized
by chalcopyrite and pyrrhotite, and may represent a southwesterly
extension of some of the veins at the prospect.

48-55 (GARNET) PROSPECT
The 48-55 prospect is a single unpatented claim on a deposit of
garnet and other minerals in the center of sec. 9, (29-10E), at an
elevation of about 5,500 feet above sea level. It is held by P. C.
Crane of Snohomish, Wash., who staked it in 1937. No trail leads
to the property, but it may be reached from the Sunrise prospect
by hiking to the summit of Vesper Peak, thence for about a third
of a mile northwest along a ridge toward Little Chief Peak; the
deposit is about 300 feet southwest of the crest of this ridge. No
equipment is on the property, and development work done consists
of a few shallow cuts.

The deposit is a lenticular body about 70 feet long and 50 feet
wide, made up, principally, of a more-or-less coherent mass of
crystals. This lens strikes northwest and dips about 50° SW., and
is enclosed by a hornfelsic phase of the old metamorphic series.
The foliation of the wall rock also strikes northwest and dips south-
west, but appears to bend around the garnetiferous lens. Within
400 feet to the northeast, a contact between the metamorphie rock
and intrusive quartz diorite is well exposed, and near it are a few
thin layers of garnet and amphibole. Apparently the 48-55 deposit
was originally a limestone lens that has been altered to its present
character. The mineralogy is rather unusual but is not uncommon
to contact-metamorphic deposits.

Garnet, probably of the variety grossularite (calcium, iron,
aluminum silicate), is the most prominent mineral and occurs both
massively and as spectacular clusters of intergrown crystals lining
cavities. Isolated crystals are rare if not absent. Quartz crystals
are intergrown with the garnet and are generally small in size. The
largest ones found are about 1 inch thick and 2 or 3 inches long,
and are imperfectly formed. A little chalcedony lines the inside of
some vugs, and masses of coarsely crystalline calcite are abundant.
Other minerals of the deposit so far identified are augite, diopside,
epidote, prehnite, scapolite (?), vesuvianite, and another mineral,
probably hillebrandite. Bordering the deposit is a siliceous zone
containing a small amount of arsenopyrite and chalcopyrite as
minute fracture fillings and as disseminated grains.
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KELLY CREEK PROSPECT

An abandoned prospect is near the head of Kelly Creek in the
NW1; sec. 23, (29-10E), where three short tunnels were driven into
the walls of a gully. These are in quartzite about 300 feet east of a
rubble-covered contact between this rock and quartz diorite. The
formation to which the quartzite belongs is uncertain, but it is a
member of either the conglomerate-argillite or the old metamorphic
series. Eastward from the prospect and at higher elevations, con-
glomerate, dense black quartzite, and sandstone of the conglomerate-
argillite series occur. The lower tunnel, at an altitude of about
3,500 feet, is a 30-foot drift trending about N. 656° W. on an almost
vertically dipping fault. A 1-foot zone of gouge and breccia to-
gether with quartz, pyrite, pyrrhotite, and a small amount of chal-
copyrite is within the fault zone. About 200 feet east and 50 feet
higher in elevation is a 60- to 80-foot rust-colored outcrop of
fractured quartzite containing interlaced veinlets of quartz and a
small amount of pyrrhotite, pyrite, and chalcopyrite. On the south-
west side of the gully is a 15-foot tunnel, and on the northeast side
is another tunnel 35 feet in length. Each enters the fractured
quartzite, but the mineralization appears to be subcommercial.

MOUNTAIN CEDAR PROSPECT

The Mountain Cedar prospect, in sec. 17, (29-10E), is connected
with the Sultan Basin road by a trail about a quarter of a mile in
length. Four unpatented claims are held by C. F. Smith of Everett.
The property was previously known as the Paystreak and also as
the Mystery; it was prospected some 40 years ago by David Boyle,
and acquired by the present owner in 1942,

The mineral deposit is a vein, striking about N. 24° W. and
dipping 55°-75° SW., which is exposed by tunnels and open-cuts
for a length of at least 800 feet. It contains pyrite, pyrrhotite,
arsenopyrite, chalcopyrite, and a little sphalerite together with
quartz, serpentine, some gold and silver, and a trace of nickel. In
some places near the surface it is altered, and contains marcasite,
bornite, iron oxides, free sulphur, and some nickel and iron sul-
phates. Widths of mineralization are from 2 to more than 10 feet,
but not all of this would be commercial. The vein occupies a shear
zone through the old metamorphic series which, locally, contains
considerable serpentine. A 100- to 200-foot serpentinized-peridotite
zone crops out about 400 feet east of the vein and trends nearly
parallel to it. A soapstone zone at least 13 feet thick is associated
with a fault that strikes N. 52° W. and dips 80° NE. through the
serpentine; it is developed by a 12-foot drift. Chromite is reported
to occur at this property, but no massive body was found. Micro-
scopic trains of chromite occur scattered through the serpentine,
and possibly larger bodies are also present.
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FIGURE 15— SKETCH OF SURFACE AND WORKINGS AT THE MOUNTAIN CEDAR PROSPECT

Figure 15 shows five underground and an equal number of sur-
face workings that are on the vein between altitudes of 2,100 and
2,850 feet. The lowest tunnel, No. 1, was driven N. 30° W. for about
40 feet. It is now caved at the portal, but mineralization occurs in
some of the dump material. Tunnel No. 2 is an 18-foot crosscut
which exposes about 12 feet of broken quartz and serpentine to-
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gether with some pyrite, arsenopyrite, pyrrhotite, and chalcopyrite.
About 2 feet of this zone is fairly well mineralized. The zone does
not agree in attitude with that exposed in other tunnels, and possibly
it is a branch vein. Tunnel No. 3 extends N. 24° W. for 46 feet
along the hanging wall of the southwestward-dipping shear zone.
It exposes lenses of quartz and massive sulphides from 1 to 4 feet
in thickness. Brecciated rock between these bodies is leached and
probably at one time also contained sulphides. A specimen of
massive arsenopyrite from this working was assayed by Willis H.
Ott of Seattle, and found to contain 0.40 ounces of gold and 2.28
ounces of silver per ton. No. 4 tunnel extends N. 31° W. for at
least 63 feet to where it is blocked by caved ground. A 4-foot vein
of quartz and sulphides together with some serpentine occurs in
the tunnel and also above the portal. Tunnel No. 5 extends N. 18°
W. for 31 feet, and an 11-foot crosscut near the face trends south-
west. Several small veinlets and also a 2-foot quartz vein containing
masses of sulphides are exposed in the crosscut. In the drift are
several 2- to 3-inch stringers of nearly massive sulphides and also
a 2-foot quartz vein that is well mineralized by chalcopyrite and
other sulphides. A selected specimen of this material was assayed
by Willis H. Ott; it contains 5.06 percent copper, 0.06 ounces of
gold, and 9.05 ounces of silver per ton.

Open-cut No. 1, just above the No. 5 tunnel, shows 13 feet of
sheared mineralized material striking nearly north and dipping 65°
west. The hanging wall is quartzite and the footwall, serpentine.
A 5%- to T-foot section of this zone is fractured vein material con-
taining sulphides; the balance of the zone is chiefly fragmented
quartzite and serpentine, part of which is cemented by sulphides.
It is considerably altered, however, and somewhat leached and con-
tains quartz, arsenopyrite, pyrrhotite, and chalcopyrite together
with considerable odlitic marcasite, iron oxides, and iron sulphate.
The latter is probably bilinite, and a small amount of a soluble nickel
mineral that is associated with it is probably morenosite. Open-
cuts Nos. 2 to 5, which are farther up the hill, show the same zone
as No. 1, except that they expose narrower widths with less breccia-
tion.

JOHN NEWHOUSE PROSPECT

An abandoned property, reported to have been prospected
several years ago by John Newhouse, is on the hillside east of the
North Fork of the Sultan River, about a half a mile northeast of the
confluence of this stream and Elk Creek. A trail leads to an old
caved tunnel where a dump shows a small amount of pyrite in
quartzitic argillite. A vein is reported to occur in the vicinity of
this tunnel, but it was not found.
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ELK CREEK AREA

MARVEL PROSPECT
The Marvel prospect is near the head of Elk Creek in sec. 2,
(28-10E). There are two unpatented claims, the Marvel and June,
which were staked in 1937 by C. F. Smith and Vance Curtiss. The
deposit crops out across the floor of a small southeastward-flowing
tributary of Elk Creek, at an elevation of about 3,800 feet. A small
amount of open-cut work has been done, exposing the mineralization
over a length of about 15 feet. The deposit consists of two narrow
parallel veins of nearly massive chalcopyrite which strike N. 76° W.
and dip 80° NW. through quartz diorite. One vein is 2 inches thick,
the other is 1 inch thick, and these are separated by about 2 inches
of altered quartz diorite. Quartz and a small amount of pyrrhotite,
scheelite, and sphalerite occur in the veins with the chalcopyrite.
About 500 feet north of the prospect, several smaller veinlets of

quartz and chalcopyrite also occur in quartz diorite.

JONES PROSPECT

The Jones property, now abandoned, is in sec. 11, (28-10E), on
Elk Creek about five miles above its confluence with the North
Fork of the Sultan River. The old workings were within an area
of snow slides which have almost obliterated all evidence of them.
Parts of a water wheel, cabin, and hoisting equipment mark the
place where a shaft is reported to have been sunk on a silver-lead
vein. No mineralization, however, was found in the debris-covered
area.

BLUE STONE PROSPECT

The Blue Stone is an unpatented claim, staked within the last
10 vears by C. F. Smith and Vance Curtiss. It is in the NW4 sec.
4 (28-10E) on a small tributary of Elk Creek about 3 miles southeast
of its confluence with the North Fork of the Sultan River. The
minerals of the deposit are chiefly a mixture of magnetite and pyrite
together with actinolite and specular hematite. These occur along
a steep wall that extends about 50 feet across the head of a short
canyon. No continuity of the deposit can be seen beyond the canyon
walls, and it appears to be a narrow lens-shaped contact-meta-
morphic deposit. The wall rocks are quartzite and quartz-mica
schist intruded by quartz diorite and an orthoclase porphyry dike.
The relationships of these rocks to the deposit are complicated by
considerable local faulting.

SOUTH FORK OF THE SULTAN RIVER AREA
ST. THERESA PROSPECT

The St. Theresa property of 10 unpatented claims is in secs. 1 and
12, (29-8E), on the steep hillside northeast of the South Fork of the
Sultan River about 5 miles above its confluence with the North
Fork. A trail leading up the South Fork crosses the southern part
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of the property. The claims are held by the Washington Mo-
lybdenum Co. of which Robert Anthony, of Seattle, is president
and E. L. DeSilets is secretary. The mineral exposures on the
property are in a steep gully that trends southwest along a series
of fractures through quartz diorite. These fractures vary from the
thickness of a knife blade to about 1 or 2 inches and, in places, are
well mineralized by molybdenite together with some quartz, chal-
copyrite, and carbonates of calcium and iron. They are widely dis-
tributed through the wall rock, and some of them are remarkably
persistent, being exposed over lengths of more than 100 feet.

GOLDEN EAGLE PROSPECT

The Golden Eagle property of 10 unpatented claims is also owned
by the Washington Molybdenum Co. of Seattle. It is in sec. 7
(28-10E) and sec. 12, (28-9E), near the head of the South Fork
of the Sultan River. A trail leads up this stream to a small cabin
on the property. The mineral exposures are southwest of this
cabin on a steep hillside, between altitudes of 3,000 and 3,400 feet,
where a 2- to 15-foot fracture zone strikes N. 81° E. and dips 80° SE.
through quartz diorite. An open-cut in a gully, at an altitude of
3,150 feet, shows a gouge zone 6-30 inches thick which contains
scattered flakes of molybdenite. Other narrow fractures, parallel
to the gouge seam, contain thin veinlets of quartz, molybdenite, and
a little chalcopyrite. Some of these veinlets have slickensided walls
on which molybdenite is smeared, indicating that minor movement
occurred along them after this sulphide was deposited. Pegmatite
float, occurring in the gully near this open-cut, contains the best
molybdenite specimens found on the property, and some crystals
measured as much as three-quarters of an inch in diameter. Other
open-cuts and natural exposures of the vein occur up the gully for
about 600 feet, and these show thin veinlets of quartz, molybdenite,
and chalcopyrite, and a 6- to 24-inch gouge seam enclosed within the
fracture zone. At an altitude of about 3,350 feet, a flat-lying
pegmatite lens 3 feet thick is exposed on one side of the gully. It
contains a very small amount of chalcopyrite and scheelite but no
molybdenite.

KROMONA PROSPECT

The Kromona property is in sec. 13, (28-9E), and lies on both
sides of a ridge that forms the divide between two small tributaries
of the South Fork of the Sultan River. Nine claims are held by
assessment work by the Kromona Mines Corporation, Lloyd Build-
ing, Seattle. The property is reached from Olney Pass by 2 miles
of partly constructed road and about 3 miles of trail, which leads
with a moderate grade to a lower camp on one of the tributaries of
the South Fork of the Sultan River. A steep trail leads from the
lower camp up the side of the ridge for about 2,000 feet to the upper
camp and main workings. A cabin and a shed are at the lower camp
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at an altitude of about 2,200 feet, and two furnished cabins and an-
other shed are at the upper camp, at 3,200 feet. A compressor and
an almost complete stock of tools for small-scale mining were at
the upper camp in 1943. Little is known concerning the early his-
tory of the property. Patty™ wrote an account of it in 1921 and
reported that it was prospected in about 1900 when known as the
Scribner and Jones claims. The property was later abandoned, and
the present owners relocated it in 1916 and have since done most of
the development work, which includes the road, trails, houses, and
two tunnels.

The claims lie across a northward-trending contact between the
old metamorphic series on the west and intruding quartz diorite on
the east. The mineral deposit occurs in a sheer zone that strikes
nearly at right angles to this contact. This shear zone crops out in

a gulch on the western side of the ridge and is exposed for a length
of at least 500 feet between elevations of 3,100 feet and 3,500 feet
above sea level. Below 3,100 feet, talus and alluvium obscure the
possible westward extension. The zone consists of shattered quartz
diorite and gouge, 10 to 15 feet wide, striking N. 65° E. and dipping
75° NW., and smaller parallel fractures as much as 20 to 30 feet
away. Offshoots, or branch fractures, along which minor movement
has occurred, extend out into the walls from the zone, some for
only a short distance but others for several hundred feet. Mineral-
ization consists of quartz, calcite, chalcopyrite, pyrite, pyrrhotite,
and molybdenite, and minor amounts of scheelite, powellite, marca-
site, bornite, malachite, and reportedly, gold and silver. These
minerals occur in veins and interlacing veinlets within and adjacent
to the sheer zone, and also in the branch fractures that extend into
the walls, forming, on the whole, a rather complex vein system.
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Ficure 16—Map of the principal workings at the Kromona prospect.

i Patty, E. N,, The metal mines of Washington: Washington Geol. Survey Bull. 23,
pp. 293-298, 1921.
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The principal workings are shown in figure 16. The lower tunnel,
a crosscut, enters the hillside about 150 feet north of the sheer zone
and trends S. 80° E. for 250 feet through quartz diorite. It has not
vet intersected the main mineralized zone, but would probably do
so if extended a short distance. At 95 feet, this adit crosses a 1-inch
fracture containing quartz, chalcopyrite, molybdenite, and a small
amount of powellite. At 205 feet the adit intersects a vein, trending
N. 51° E. and dipping 40°-45° NW., which is probably a branch vein
from the main sheer zone. A drift follows this vein for about 80
feet. For the first 20 feet, it is 6-24 inches thick and contains 2 to 3
inches of chalcopyrite and iron sulphides, the rest being crushed
quartz together with minor calcite, chalcopyrite, pyrite, and a little
molybdenite, scheelite, powellite, bornite, and malachite. Beyond
this 20-foot shoot, the vein splits, and the drift follows a narrow
branch for 60 feet, to where a lens of chalcopyrite and quartz is ex-
posed in the roof for 8 feet. This pocket is 3-21 inches thick. The
drift continues about 145 feet farther, but no more mineralization
could be seen.

The upper tunnel is in the gulch, approximately 600 feet east of
the portal of the lower adit and 300 feet higher in elevation. It is
a short drift starting on the main mineralized shear zone and ex-
tending into the hillside in a northeasterly direction for 58 feet.
Near the face, a 5-foot crosscut extends southwestward. At the
portal of the drift a 16- to 18-inch quartz vein, striking N. 70° E.
and dipping 70° NW,, is exposed for a length of about 15 feet. It
contains chalcopyrite, molybdenite, and a small amount of bornite
and marcasite. On each side of this vein the quartz diorite is
severely shattered and contains abundant interlacing veinlets as
much as 1 or 2 inches in thickness. These occur in a zone several
feet wide and contain a fair amount of chalcopyrite and molybdenite.
This exposure is apparently one that Patty® examined in 1920 before
the drift was driven, and which he estimated at that time would
average between 2 and 4 percent copper over a width of 10 feet.
The drift now follows this mineralization for about 15 feet to where
it intersects a series of well-mineralized cross fractures that strike
N. 73° W. and dip 85° NE. These form a zone about 7 feet wide
which contains a fair amount of chalcopyrite and should average
between 3 and 5 percent copper. A polished specimen of ore from
these cross fractures shows quartz diorite traversed by closely spaced
quartz veinlets containing chalcopyrite and lesser amounts of
molybdenite, pyrite, arsenopyrite, pyrrhotite, and probably sphale-
rite. The quartz diorite is highly altered, but is not completely
replaced. It is somewhat silicified and also contains minor dis-
seminated chalcopyrite and molybdenite. No mineralization ap-

@ Patty, E. N., op. cit., p. 295.
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pears in the tunnel beyond this cross zone, indicating the main
shear zone may be offset. However, the cross fractures are doubt-
less an integral part of the main shear zone, being, possibly, a series
of mineralized tension cracks that were opened between two planes
of movement within the main shear zone. This is common to such
zones and was observed in other lode deposits of the basin. The
shear zone is not exposed above the upper drift; however, a shallow
brush-covered gully extends for several hundred feet farther up
the hillside and may mark its trend.

On the opposite side of the ridge and about 1,500 feet eastward
from the main workings, a shear zone occurs on a cliff, and its trend
and position suggest that it may be an eastern extension of the
vein system of the western side. It is well exposed in a natural
cave, locally called the “Bear Cave”, which was apparently formed
by spalling of the fractured quartz diorite under a less-fractured

roof. The opening extends into the cliff about 30 feet, tapering to-
ward its end, and may have been lengthened at some time by pros-
pect work. The quartz diorite is not as shattered in this exposure
as in the zone on the west side, but exposed on the roof of the cave
are several branching fractures 1-2 inches thick and three small
lenses 6 to 7 inches thick. These contain quartz and considerable
chalcopyrite and bornite together with molybdenite, scheelite, and
powellite. Alteration of the chalcopyrite has produced the bornite,
a little chalcosite, and also considerable copper carbonate that occurs
on the walls and in cracks within the wall rocks. The scheelite and
powellite occur intermixed with the vein material, and in some
specimens these minerals are fairly abundant.

OUTLYING PROPERTIES
BORDER QUEEN PROSPECT

The Border Queen prospect, consisting of one unpatented claim,
is in Olney Pass, in the NWY sec. 33, (29-9E). It was originally
staked some 40 years ago, later abandoned, and was restaked in 1942
by Richard Sykes of Seattle. The road to the Sultan Basin crosses
the property, and a small recently built cabin stands beside the road
near the portals of two short tunnels. Figure 17 shows these work-
ings. They were driven northward on a 2- to 4-foot altered and
silicified dike or sill that contains finely disseminated pyrite and a
trace of arsenopyrite and chalcopyrite. It may also contain some
gold. The upper drift is 37 feet long and is on the same level as
the road; the other working is 20 feet lower in elevation and extends
under the road for 45 feet. The wall rock is platy dark-gray argil-
laceous schist of the old metamorphic series, which strikes N. 10°-23°
W. and dips about 75° NE. The dike strikes about the same but dips
a little steeper.
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Ficure 17—Map of the workings at the Border Queen prospect.

LOCKWOOD PYRITE DEPOSIT

The Lockwood pyrite deposit is in the NEY; sec. 36, (29-8E) and
is held under a State land lease by A. H. Brueggeman and associates
of Seattle. The property is about 1 mile below the place where the
Sultan River leaves the basin to flow westward through its narrow
canyon, and the prospect is on the southern wall of this canyon, on
the north side of Blue Mountain. It may be reached from Sultan
by way of the Olney Creek road for 4% miles, thence by the Blue
Mountain road and an old logging road for nearly 5 miles to near
the center of sec. 27, (29-8E). From here a trail leads eastward
about 3 miles to the property. This trail at one time continued up
the Sultan River and connected with the Sultan Basin road near the
South Fork, but it has not been used for many years and, in places,
is now almost completely obliterated.

The Lockwood deposit was first prospected a number of years
ago when a few trenches and a short tunnel were made. In 1934
and again in 1937 the prospect was investigated during the State
mineral-survey programs of the Civil Works Administration and
the Works Progress Administration. The first of these was by
M. W. Jasper and M. C. Butler, mining engineers, and was in the
nature of a preliminary examination. The later investigation, in
1937, was under the supervision of P. E. Crane, mining engineer, and
included surveying, considerable surface trenching, and sampling.
The reports of these investigations have not been published but
are available for public inspection at the office of the Division of
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Mines and Geology in Olympia. The information given here is prin-
cipally from these reports.

Development on the property includes one tunnel totaling about
210 feet in length, another tunnel about 15 feet in length, and some
35 open-cuts, test pits, and trenches. These workings, particularly
the trenches, show that the pyrite deposit consists of at least three
tabular bodies which lie roughly parallel within a 100-foot zone en-
closed by schistose rock of the old metamorphic series. They are
shown by figure 18, which is a copy of a map originally prepared by
Crane for his report. The northern part of the deposit, from an
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altitude of 1,700 feet to approximately 2,100 feet, trends southeast
for 800 feet and dips very steeply southwest. In the next 500 feet,
to an altitude of about 2,300 feet, the trend of the zone swings to the
southwest, and at 2,350 feet turns abruptly to the east and roughly
follows the contour of the hillside for an additional 600 feet. This
last part may be a zone separate from the ones below, or it may be
a continuation, deformed by faulting or tight folding. The pyritic
bodies within the zone vary from 1 or 2 feet to more than 75 feet in
thickness and appear to be solely finely granular pyrite; however,
abundant quartz and sericite occur as almost microscopic interstitial
material. This “ore” is somewhat laminated and has the texture of
sandstone. The bodies of pyrite and also the laminations within
them have the same strike as the schistosity of the wall rocks.

The assay records of samples taken from the pyritic zones by
Jasper and Butler and by Crane are not complete, but are useful to
show the nature of the mineralization. The Jasper and Butler map
of the property, which was the key to the locations of 12 samples
taken by them, has unfortunately been lost since its preparation
some 11 years ago; so it is not known what sections of the deposit
are represented by the samples.

Analyses of samples from the Lockwood prospect from report by
y M. W. Jasper and M. C. Butler
[ Analyst not known]

Sample | | Width Gold Sulphur Iron I Copper Arsenie

No. | Place taken (ft. in.) (0. (percent) | (percent) | (percent) | (percent)

| ! per ton) '

S| F R S = === =1 e —— it s
BM-1...| No. 9 open-cut...... 1 o | ir 2.3 17.2 nil tr
BM-2...| No. 9 open-cut......| 4 10 tr 17.0 22.4 nil tr
BM-3. ! No. ¥ open-cut. ! 2 7 ir 3.2 16.0 nil nil
BM-4. ..: No. ¢ open-cut...... | s & LIS 23.5 22.5 nil nil
BM-5...| No. ¢ open-cut...... f 7 8 ir 12.1 16.0 nil nil
BM—U...I No. 9 open-cut...... 4 1] tr 8.1 13.6 nil nil
BM-7...| No. T open-cut...... 6 0 tr | 198 20.7 nil tr
BM-3... No. 3 open-cut...... i 6 | ir 26.2 20.56 tr tr
BM-0. ,,I No. 5 open-cut. ..... 1 8 tr 2.3 15.8 nil tr
BM-10. .| No. 5 open-cut...... 3 8 tr [ 15.2 17.6 nil nil
BM-11.. No. 6 open-¢ut...... [ 0 tr 25.6 84.0 tr nil
BM-12..| No 1 tunnel......... chip tr 26.0 38,5 tr . nil

The assaying of Crane’s samples was not done until sometime
after his report was written, and the analyses in the table below
are from the old records of the State-wide Mineral Investigation
Project. This work was done in 1939 (?) at the University of Wash-
ington under the supervision of Dr. Erwin Pearl, chemist. The data
regarding the samples—places taken, widths, and directions of
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sampling—are from Crane’s original notebook. The locations of the
workings that were sampled are shown on figure 18.

Analyses of samples taken from the Lockwood prospect under the supervision

of P.E.C

rane

|Erwin Pearl, analyst]

Working
Trench 4...... SRR
Trench 4. .0coeeeennes acaln s AR i
Trench 4......40

L T
Trench Bi.....
Trench

Trench
Trench
Trenech Bi.........oees S
Trench BY.........
Treneh
I'I'ronl-h Bs...... RO o it ik
Treneh BS.......oo...
Trench B8...iiiciviviavmssosis
Trench
I'rench
Trench BB....ccviivrannnsans
Trench BR..o.ociiiviians R
Mreneh: B&wsaasaeamie s
Maln tunnel, cooveansavsiaai
Main tunnel.,....cersvvrnescas
Maln tunnel.......coecreeenens
Main tunnel ;. easseessweorass

Main tunnel @..

Upper tunnel.............

Open-eut 1'T....... -

Open-eat 2T . . .oovviiiinnnns
Trench 1. ...c00sensnnnsnsnnans
Trench 11........0 SE— ..
Treneh 1T, . asacan s
Trench 12......:.. ST R R
Trench 12, ....00 00 civimniiaaa
Treneh 12...... - Creeaaeees
Trench 12........ T

Sample
No.

ol

Width
(feet)

Direction

of
sumpling
W.to E,
W. to E.
W. to E.
W. 10 E.
W.to E.

W.to E.
W.to E,

W.to E,
W.to E.
W. to E.
W. to E.
W. to E.
W. to E.
W. to E,
W. to E.
W, to E.
W. to E.
W. to E.
W. to E.
E. to W,
E. to W,
E. to W,
E. to W.
E. to W.
W. to E.
W, to E.
W. to E.
W.to E.
W. to E.
W.to E,
E. to W.
E.to W.
E. to W.

Moisture
{percent)

Iron
(pereent)

Sulphur
(pereent)

32,928 32,22 0,20
WiEte R P srieaes
LG 35,00 0.73

a0.68 42,39 0.4
2.0 22.83 0.14
B B 0.1

. G 2617 016
10,70 R 0.4
*).55 1L86 016G
15.22 153.51 .20
witste e .
42,93 13,38 0,07

18,02 1.18

20,20 .49
25,13 31.23 0.7
2648 24.41 .65
23.52 21.%4 .20
270 1.0 017
30,25 35,96 0.20
.66 mm | 0.0s®

M Not assayed,
@ Also: 31.50% SiO..
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Analyses of samples taken from the Lockwood prospect under the supervision
of P. E. Crane—Continued

Sample Width Direction Iron Sulphur ! Moisture
Working No. (feet) ] (percent) | (pereent) | (percent)
sumpling |

Trench i ceniviiinminssnse el AR A o2 | E. to W, waste ... RO At
Treneh 12....... R | 5 5 E. to W. 25.52 25,35 0.20
Trench 12...... T ¥ 6@ 5 Eo o W fivnvsemenisa lasssmsevimatse e e
Trench 12... 0000000 Vavase seie 7 4 E.toW. 17.56 17.60 0.10
Treneh- 80 il 1 5 W. to E. 25,76 27.25 0.14
Treneh 20 vesvis v prvranasares 20 b || "R et iavs: iRl saies
Trench 20, ...000v00nine . 3 o W. to E. 12.07 12,09 0.17
TRENEH B, os s i iomminis i o) H 25 7l T ST (S R, 1
Trench 20... s i caiwsnssn i is b o W. to E. 2187 22,57 0.9
TPl O, ..o aammanan v ({0 3 W G0rE: | beasiiinmiinanna [o daiidmintintulvasioina e
Treneh 20.....0000000 PR . 7 H] W. to E. 2168 21.07 0.23
Treneh B0 v s s sennds @ 3 W, to E. TR | B
TIROCR 20. s 0 c0 0 0nnainessmssonses 9 5 W. to K. 12,4 11,16 0.82
Prench 200 ..vcimvvmsis R mTIre) [ —— ] W. to E. wiste
TR B v s maniaa s T 10D 5 W. to E.
Trench 20.............. AR 1 5 W. to E.
Trench B0 o oamicuin ey G 12 5 ‘ W.to E.
0 51111 PR AP 1 ‘ 5 E. to W.
Treneh 2L..vevennnnnees 20 5 E.toW.
Treneh 21................ ol 3 | e E.toW.
Treneh: 28, v R R (e 34 E. to W, waste  |ooowenas ! PRI es
p by 11T T R R e G R e 1@ 3 B0 W s EITIEA WS ey Ry A
Trengh: 8l v PRt 3 b E.toW. | 34,65 40,3 | 0.7
Treneh 21, ................. o) 2 B | At Tl SR X e el 0}
Trench 22,....... L. 1 5 ‘ W. to E. 5228 .72 | 0.8
PR o e 0] 5 WA B |onasvumunsneor T ;
Trench 22,..... R AR A R 30 W. to E. WHRBLY: leciriista bt Tae
Treneh 22.....000000005 SRR i 3 | 5 W. to E. 17.98 17.87 0.12
L by 1 AR e A e 1 ! a W. to E. 22,19 23.73 0.64
WTRICD 2,y oo wui s 7ol 450005 mrs R O] l 5 WSO, Lo ims e | % N T A e
Trench 23............ 3 § W.toE. 23.44 | 25.39 i 1.54
Trenoh 23, .oissuimsvvssavmamas 1 5 WiToE. |ecommesziiefiams g |
Tronehi 28, covviissmad waswamaes 5 | 5 W. to E. 17.58 18.52 i 0.65
Prenel 08 s ivned 6O | 5 W AR, |oansanlisciiimii i,

@ Not assayed,
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Analyses of samples taken from the Lockwood prospect under the supervision
of P. E. Crane—Continued

Sample Width Direction Iron Sulphur  Moisture
Working No. (feet) of (pereent)  (pereent)  (percent)
sampling

Treiieh BF: . oz uvrvommvbiresvsinns T o W.to E. | 16,57 16,04 0,65
Trench 23.....00004 ) 5 W.to B, |ooviinnans SRR A A
Trench 23.. .. cuuvenus i s 9 5 W. to E. 21.50 22.85 0.64
Premely 88 i v i HEO! b W.toE. |oovinnnnnn Y R SR
by 33114 1 T R 11 3 W. to E. 19,54 18,63 0.64
Troneh B viniomiimicmis 1 4 W. to E. 41.13 BN 0.58
ks 7 () A e 1 1 W.toE. | 2425 24,05 .85
Trench .. covvvnismesiveoiiss 20 5 WAL | Lot s Dy
TH0ED B oo 3 5 W.toE | %6 2 06
Trench 25,.... S G 1D 1 Wi L0 RS Livimasrrnsnnlesninn mpmmeslor vasesnsn
Crenichy 850 Liandiniamsivias b i) W. to E. l .74 44.26 0.80

{ 1 4 E. to W. 22,20 21.56 0.06
st ik above: broncds B I[ 0 4 E. to W, ! ........................

| B ) E. to W. a6.71 46,72 0.0=

l[ 1M ) E.to W, [liciivens CelEsasin i s
Trench 28........... SR 1 & S to N, 200,16 19,34 0.21
Trench 28........0004 O R i TP | 1 S. toN. waste ...
Treneh 28, . .....oooiiu. 2 5 S.toN., | 2007 20.17 0.23
Trefich 2., .covesrmaaivesssns 1 i ‘ S.to N, 21.91 22,24 0.30
Troneh 29.s v 2 5 S toN. [ ....... .
Treneh 3 5 8. to N, 26,68 28,28 | 0.2
Trench 1@ 3 L e TR
Trench ! 1 B S. to N, 24.55 25.11 (.08
Trench 30...... 2@ o BN | [ussanammsnaloitmaien AR
Treneh 80 oevammins suas ] 5 S.toN. 27.63 27.56 0.21
Trench 30, ............ RN EO)] 5 Bt | |oismiedendmingg il e -
Trench 30.......... ey ] o S, to N 19,12 15.83 0.53
Trench 30...... S S e @ 4 B.tON. |eerireereseomnncannann|en —
Trench 81.......... PT— 1 o S.to N, 22,00 20,81 .20
Trench 31...... T A £ 5 BtoN: |ewmmmnemanfon snnvins | ai v
Treneh 31, 3 5 S.toN, | 24.66 24,61 0.05
Traneh 81 TP i 1@ 5 BhoN Lo seiivaiaslerssnas Ve
Trench 31..... A TR PO, 3 a3 B 5. to N. 16.16 16.12 0.14
Trench 30....0uuivessniks 1 5 S.toN. | .56 | 005 | 0.24

(@ Not assayed,
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Analyses of samples taken from the Lockwood prospect under the supervision
of P. E. Crane—Continued

Sample Width | Direction Iron | Sulphur | Moisture
Working No. (feet) of (percent) | (pereent) | (percent)
! sampling | |
Drenth B8 i vwse v oo g S 15| S toN
Trenieh 80, ..vuerrnssisens i 20 5 | B.toX,
Trench 39......... AN, |2 3 5 l S. to N,
Trench 39......000 R 1@ 5 : 5. to N.
Trench 39.....c00uveimuienians 5 5 | S.toN. 15.39 12.21 0.29
T T R SR 1 5 | S.toN. 93.90 24,06 0.15
TPronehE40. s srnsnesrns i .0 b - - e (L L Tl o | v B8 oy
Trench 40......ccveerreeisvnnas 8 5 8. to N, 20,51 21.60 0.10
Trenclr 40........00000n s 7 10} 5 B toN. |viwnn TS T TR TRl (T KaC T
Trench 40........ b 3 S.toN. 40.82 42,38 0.17
Trench 40....0000vimiinaiines 6D b BotolNu | feodiasiiade | Tl PR
Trench 41.....000 0sees e 1 5 | S.toN. %2 | ' 2%.05 0.07
iy T 3 SR Eo) 5 S8.toN. [........ ) o Ao el
TrONEH 4l.eivseeeevaneesrninns 3 5 | S.toN. w7 | 10.8 0.22
Trench #1...ccoviinnaisving Fo] A | S.toN.
Trench 41....ccciivmnvrivniinis 5 5 I 8. toN.
Trench 41....... ') 5 8. to N.
Trench T 5 8. toN. 25,47 | 2588 | 0.21
Trench o) 5 S. to N.
Trench 9 5 8. toN.
Trench 100 oS - o LIPS e 1
Trench 11 5 8. to N. | 21.00 20,39 0.24
tpemalt bl s o s s 120 5 N T L SRR
Tremeh #,isenneiassss Ene 13 5 8. to N, 13.94 11.59 0.24
Treneh 41, cvvineennn... 14D 5 e e L e L T e T L)
Treneh dl. . ovansssvwmvsmnsns - 15 5 8. toXN. 15.42 12.12 0.23
Tneh £ oo dnenninmoes fe 1 o S.toN. | 28,73 50,36 0.08
Trench 42.....cciiininns 20 5 Babo B | s dalaipdnsniiate | e se iy
Trench 42.. . coiiviiiiinnians g 3 5 8. to N, 21.75 20,48 0.06
el 4 o e i sl ma e 1 5 S. toN. 39.53 | 41.19% 0.12
Trench 43..........c...... 2® 3 I 7 O R M . 1
Trench: 48. ..o u0inss P 3 5 S. toN. 16.87 | 16.97 0.34
Trench 43...... tlo)} 5 B.foN. |ionia PR SRR R it R
b bl i R S 5 8 8. to N. 2150 | 2. | 0.08

-~

@ Not assayed,
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Jasper and Butler noted that the sulphur-iron ratio derived from
the assay figures was not that of pyrite. Pure pyrite contains 46.7
percent iron and 53.3 percent sulphur, but nearly all of the assays
show a higher iron ratio than this. If the material contained iron
oxide, this ratio could be accounted for, but both reports point out
that their samples were of fresh material. Zapffe,® after studying
several groups of assays from the property, came to the conclusion
that at least a part of the mineralization was pyrrhotite. This is
corroborated by a study of a polished section of the “pyrite”-bearing
material by the writers, which indicates the presence of a weakly
magnetic sulphide, probably pyrrhotite. A very small quantity of
sphalerite was also found in polished sections. This sulphide and
also chalcopyrite were reported by Crane to have been found in two
trenches as a small vein within a pyrite-bearing lens, and also as
weakly disseminated grains with the pyrite elsewhere. He stated

that both of these sulphides are “unimportant as far as the surface
areas are concerned.” Gold and silver are reported to occur in the
deposit, and assays by A. L. Glover, Inc., made for a former owner
of the property, show 0.05 to 0.20 ounces of gold and 0.40 to 0.90
ounces of silver per ton.

The Lockwood prospect has been under consideration during
the last several years as a source of iron and of sulphur dioxide or
sulphuric acid, and a few estimates have been made of the quantity
of pyrite-bearing material available for concentration. These esti-
mates, admittedly, are guesses, for only the surface of the deposit
is exposed except in the short drift, which does not afford much
additional information. Jasper and Butler estimated that the bodies
exposed in 1934 would total between 500,000 and 1,000,000 tons.
Crane, however, after his work, estimated that the deposit would
contain more than 2,500,000 tons.

M Zapffe, Carl, Unpublished memorandum on the Lockwood pyrite deposit, North-
ern Pacific Railway Co., Land Dept., Geol. Div., 1943,
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