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INTRODUCTION 

In fulfillment of U.S. Department of Agriculture, Forest Service (Forest Service) Task Order no.  AG-05K3-D-
11-0017, Cascade Earth Sciences (CES) is pleased to submit the following technical memorandum for Phase 2, 
Task 2 of the 2011 Data Gap Investigation.  This memorandum provides supporting information on two-
dimensional (2-D) spatial database models of the geology of the Monte Cristo Mining Area (MCMA) as well as 
the locations, orientations, characteristics, and possible projections of mineralized veins and shear zones exposed 
during historical mining and prospecting conducted in the Monte Cristo Mining District (mining district) from 
1890 to about 1920.  A geologic map of the MCMA (Plate 1) was compiled as a 2-D spatial database from the 
most recent and relevant, published geological reports and maps that cover the study area.  A "vein and shear" 
map (Plate 2) showing the mineralized veins and shear zones associated with the known mines and prospects that 
constitute the mining district, which occupies the core of the MCMA, was derived primarily from historical U.S. 
Bureau of Mines (Bureau of Mines) reports (Johnson and others, 1983a and 1983b).   
 
GEOLOGY OF THE MONTE CRISTO MINING AREA 

The 2-D geologic model (Plate 1), including lithology and faults, of the MCMA is based on the latest published 
digital geologic maps:  1) 1:100,000-scale digital maps (Skykomish River and  Sauk River quadrangles) by 
Tabor and others (1993, 2002) that provide coverage of the south and north halves, respectively, of the MCMA; 
and 2) a 1:200,000-scale map of the Northern Cascades, including the MCMA, compiled by Haugerud and 
Tabor (2009) from eight 1:100,000-scale digital maps.  Descriptions of the geologic units and definitions of map 
symbology are derived primarily from the Haugerud and Tabor (2009) report and are provided in Table 1. 
 
Digital Geologic Data Qualifications  

Note that there are inherent issues with and consequences of deriving a single, large-scale geologic coverage for 
the MCMA from a compilation of multiple, smaller-scale geologic maps of different generations, scales, 
projections, and geographic areas.  For example, map offsets of about 100 feet were noted in hydrologic features 
(e.g., Silver Lake, glacial fields, etc.) in the first draft projection of the MCMA digital geologic coverage.  To 
compensate, a global shift was applied to the coverage to allow a best-fit correction.  Haugerud and Tabor's 
(2009) 1:200,000-scale map also includes minor corrections to the earlier maps, some simplifications of faults, 
and application of generic descriptive names to rock formations of similar origin that occur in different areas.  
The MCMA geologic coverage includes the latest geologic data and unit contacts from Haugerud and Tabor 
(2009) and Table 1 provides both the generic and original rock formation names where applicable.  Furthermore, 
faults shown on Plate 1 are taken primarily from Tabor and others (1993, 2002) because these maps provided 
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more detail.  The online digital file for faults was not useable; therefore, the faults were digitized for the MCMA 
geologic map (Plate 1). 
 
General Geology   

The western and southern portions of the MCMA (Plate 1, Table 1) are dominated by early Tertiary extrusive 
rocks identified as "Extensional volcanic rocks" (Tev), also referred to in earlier digital maps as the Barlow Pass 
volcanics.  The eastern and northern parts of the MCMA are mainly underlain by middle Tertiary intrusive rocks 
named the "Snoqualmie family intrusives" (Tcas), also identified in earlier digital maps as granodioritic and 
granitic rocks of the Grotto batholith.  Church and others (1983) note that Grotto batholith (Snoqualmie family 
intrusives) intruded along the Straight Creek Fault (see below), and the Barlow Pass volcanics (Extensional 
volcanic rock) are the principal host for ore minerals in the mining district.  Lying between these two units and 
cropping out along a north-south trend are early Cretaceous (older) metamorphic rocks named "Darrington 
Phyllite" (Ked).   
 
Superimposed on the bedrock of the MCMA are the pronounced effects of Pleistocene glaciation as well as 
historic and on-going erosion.  The snowfields and small alpine glaciers visible on the flanks of some peaks in 
Glacier Basin and the upper reaches of Seventysix Gulch are the remnants of a long period of glaciation during 
which large glaciers carved the pre-existing landscape into deep, U-shaped valleys that now characterize the 
area.  Due to glaciation, the peaks and steep flanks of the mountains and upper valleys have only a thin to 
essentially non-existent regolith; largely unvegetated exposures of bedrock and talus dominate these upper 
elevations.  Much of the bedrock in the lower elevations of the MCMA is covered by Tertiary to Quaternary 
sedimentary materials, mainly unconsolidated sediments from various sources, including alluvium and 
colluvium (Qa, Qu), talus (Qt), Alpine glacial deposits (Qag), glacial outwash (Qvr), and landslide deposits of 
various ages (QTl).  These sedimentary/alluvial deposits cover much of the valley bottoms and lower slopes of 
the mountains.  The veneer of the alluvial deposits often masks the underlying bedrock making identification of 
rock type or establishing the outcrops of mineralized structures difficult.  It is noteworthy, however, that some 
types of alluvium are excellent sources for construction materials. 
 
Faulting and Mineral Controls  

The MCMA is bisected by a complex, north-northwest-trending set of faults (Plate 1) that lie in the convergence 
zone between two, sub parallel, regional fault zones - the northwest-trending Darrington-Devils Mountain Fault 
on the west and the north-trending Straight Creek Fault on the east (Tabor and others, 1993, 2002; Haugerud and 
Tabor, 2009).  The northwest-trending, convergence zone fault set, particularly notable along the course of and 
parallel to Seventysix Creek, apparently bifurcates (splits) from north to south in the head waters of Seventysix 
Creek, at the core of the MCMA which is also affected by cross-cutting faults.  Church and others (1983) also 
noted that a major structural feature known as the Glacier Peak transverse structural belt may also intersect the 
core of the MCMA.  It is well known that significant mineral deposits are typically associated with complex 
structural intersects such as these because the major fracture zones provide pathways of weakness, "plumbing," 
for transport of hydrothermal fluids from deeper sources.  Furthermore, the associated depressurization and rapid 
cooling enhance deposition of metal-bearing veins in the pore spaces of the broken and sheared rock.  Clearly, 
faulting and related structural features constitute the strongest controls for the distribution of mineral deposits the 
mining district.   
 
Faults may also have other impacts on the MCMA.  For instance, the major landslide along the current access 
trail about 0.6 miles south of Barlow Pass may be associated with a northwest-southeast-trending fault that cuts 
the mountainside above trail.  Blue-gray clay gouge observed in the slide area supports this association.  
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MINERALIZED VEINS AND SHEAR ZONES IN THE MONTE CRISTO MINING DISTRICT 

CES has compiled a 2-D spatial database of mineralized veins and shear zones in the MCMA.  Data were 
collected primarily from the descriptions and associated maps of the 55 known mines and prospects of the 
mining district that are presented in the unpublished and published works of Johnson and others (1983a and 
1983, respectively), essentially the sole source for such information on the mining district.  The reports provide: 
1) detailed descriptions of the mines, prospects, and mineralized zones; 2) surface and underground maps of the 
mines; and 3) historical information on exploration, development, mining, and production in the mining district.  
Plate 2 provides a map showing the locations of the known (55) mines and prospects in the core of the MCMA 
along with the observed and inferred outcrops of mineralized veins and shear zones, where found and 
documented by the Bureau of Mines.  Table 2, compiled by CES from the Bureau of Mines reports, summarizes 
descriptive and reference data relevant to the veins and shear zones associated with the mines and prospects in 
the mining district.  Plate 2 also includes a portion of the geologic map presented in Plate 1 as well as aquatic 
sample stations in Glacier Creek, Seventysix Creek, and South Fork Sauk River that are associated with on-
going investigative studies by the Forest Service and CES (2008, 2010, and 2011) of the MCMA. 
 
Mines, Prospects, and Data Sources 

At least 100 workings (adits, shafts, pits, trenches, stopes, etc.) are documented at the 55 known mines and 
prospects in the mining district.  Most of the mines and prospects have minimal to moderate development, 
primarily adits that range from a few feet to a few hundred feet.  However, several major mines, particularly the 
Justice, Mystery, Golden Cord, New Discovery, Pride of the Woods, and Pride of the Mountains Mines, contain 
thousands of feet of underground workings - including adits and shafts, crosscuts, drifts, extensive stopes, and 
interconnecting passageways - that develop an extensive, sub-parallel system of veins and shear zones.  Only one 
of the locations in the mining district, the Ouida prospect (Plate 2 and Table 2, no. 39), had no workings 
reported.   
 
The surface and underground mine maps, produced from field surveys by Bureau of Mines staff that conducted 
wilderness-related investigations in the mining district in the late-1970s and early-1980s, are not available to the 
public because the original report (Johnson and others, 1983a), was not published.  The Forest Service now has 
the only paper copy of the full, unpublished report that contains the mine and prospect maps, assay tables for the 
1,764 rock samples, and the detailed property write-ups.  Note also that the unpublished report and maps were 
not fully edited and therefore do not meet publication standards in effect at that time.  CES searched U.S. 
Geological Survey archives to access the maps and found that most were available on scale-stable mylar.  The 
mylar maps (paper copy if mylar was not available) were examined, labeled, and scanned to produce digital 
image files (PDF and TIFF) that accompany this Technical Memorandum (Appendix A).  Table 3 lists the map 
figure numbers used in Johnson and others (1983a) report and the names of the digital image files.   
 
Mineralized Veins and Shear Zones 

Veins and/or shear zones for 49 of the 55 mines and prospect locations that the Bureau of Mines (Johnson and 
others, 1983a and 1983b) documented in the mining district are shown on Plate 2, and pertinent details are 
provided in Table 2.  Where the observed extent of veins (shown as solid red on Plate 2) is likely to extend 
beyond that originally mapped, the veins are shown as a dotted red line.  Shear zones are shown as blue zigzag 
lines. 
 
Upon first inspection of the map, the prominent northeast to east-northeast orientation of most of the mapped 
veins and shear zones is readily apparent as a pattern or "fabric" covering a large area, roughly four square miles, 
in the core of the MCMA.  The northeast- to east-northeast-trending mineralized structures exclusively dip 
steeply to the northwest or near vertical.  The northeast-trending orientation of the vein and shear zone "fabric" is 
clearly different from the regional north- and northwest-trending faults (described above); however, the local 
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structural pattern may constitute a set of near-perpendicular to oblique, tensional fractures resulting from 
extensional forces in the fault convergence zone.   
 
Although limited sulfide mineralization and/or iron-oxide staining occurs at most of the remaining six locations 
in the mining district, no discernable structure (vein or shear) was identified.  Furthermore, note that a vein or 
shear zone is not plotted at the Boston-American Mine (no. 57, Plate 2) because the north-northeast-trending, 
mineralized structures mapped occur deep in the mine, perhaps as down-dip extensions of the Oliver and Birney 
Mine (no. 58, Plate 2). 
 
It may be beneficial to briefly discuss the geologic/mining definitions for vein, shear, and fault (American 
Geological Institute, 1997):   

• Vein is defined in part as "An epigenetic mineral filling of a fault or other fracture in a host rock, in 
tabular or sheet-like [sic] form, often with associated replacement of the host rock, , , ,."   

• Shear is defined as "A deformation resulting from stresses that cause or tend to cause contiguous parts 
of a body to slide relatively to each other in a direction parallel to their plane of contact. , , ,  It is also 
used to refer to surfaces and zones of failure by shear, , ,." 

• A fault is defined as "A fracture or a fracture zone in crustal rocks along which there has been 
displacement of the two sides relative to one another parallel to the fracture.  The displacement may be 
a few inches or many miles long." 

 
In the mining district, known veins (mineral filling) typically consist of quartz and a variety of metallic sulfide 
minerals (e.g., pyrite, chalcopyrite, arsenopyrite, etc.) along with one or more oxidation products, such as 
limonite.  Although a classic vein is considered tabular, and a shear or fault zone may also be tabular, in reality 
veins commonly undulate, exhibit highly variable thickness (called pinch and swell), are often discontinuous, or 
may occur as lenses that follow openings and zones of weakness in sheared rock.  All of these characteristics 
have been observed in mining district veins.  Thus, veins may occur (1) in limited zones of weakness, such as 
joints, in otherwise competent rock, (2) in association with shear zones, where the host rock has been broken, or 
(3) along fault zones where displacement and severe fracturing and shearing has occurred.  
 
The system of discontinuous, undulating, pinching and swelling veins and lense-shaped pods that are associated 
with massive, enduring but often offsetting, sometimes parallel quartz veins that were exposed and mined in the 
Justice-Golden Cord-Mystery-New Discovery-Pride complex of mines (Plate 2) exhibit a wide range of 
characteristics.  Other systems of veins and shear zones in the mining district, shown on Plate 2 as distinct, 
limited veins, may in fact be continuous mineralized structures between many of the mine and prospect locations 
that appear to occur along a similar strike.  As noted above, the regolith, albeit thin, masks the outcrops of 
mineralized structures in many areas.  Less prominent veins or shear zones exposed at the smaller mines and 
prospects may merely be localized occurrences of mineralization.  

 
Rock Sample Analyses 

A total of 1,764 rock samples were collected by the Bureau of Mines and analyzed1 to determine whether 
economically viable concentrations of precious and base metals and related elements were present at the 55 
mines and prospects examined during their field investigation (Johnson and others, 1983a).  Note that the sample 
analyses are not available in digital form; therefore, data presented here are derived from summary examination 
of hard-copy data tables and limited data entry into a spreadsheet.  The number of samples collected at each mine 
or prospect ranged from none at the Rainy Mine, due to physical hazards, to 424 samples at the Mystery Mine, 

                                                      
1 Analytical methods included gold and silver by fire assay; antimony, arsenic, cadmium, copper, lead, and zinc by atomic 
adsorption spectrophotometry. 



Rod Lentz – U.S. Forest Service 
Monte Cristo Mining Area 
Geology and Mineralized Veins and Shear Zones 
December 5, 2011 
Page 5 
  
 
which had the most extensive underground workings.  Concentration ranges of selected elements (arsenic, 
cadmium, copper, lead, antimony, and zinc) from their sampling program (Johnson and others, 1983b) are 
summarized in Table 2.  Analytical ranges for precious metals (gold and silver) are not included in the summary. 
 
A complete discussion of the Bureau of Mines sample analyses is beyond the scope of this task; however, it is 
worth noting that concentrations of the metals and related elements is very high at many of the locations 
examined.  Plate 3 is a color-coded map that shows the ranges of the highest concentration of arsenic detected in 
the samples collected from each of the 55 mines and prospects.  For instance, the highest reported arsenic 
concentration at each mine and prospect ranged from 0.01% at several localities up to 47.5% at the Justice Mine.  
Despite the lack of iron analyses, high concentrations of iron can also be assumed because both arsenopyrite and 
pyrite are commonly cited as sulfide minerals associated with the veins.  It is important to note that the lower 
detection limits used for economic assessments are typically much higher compared to limits used for 
environmental or human health sampling, therefore the comment "no appreciable metals detected" that appears 
in the analytical summary column (Table 2) for some mines and prospects is misleading.  For instance, the 
lowest detected arsenic concentration of 0.01% equals 10,000 parts per million, a very high concentration from a 
human health perspective.  For graphical purposes, mines and prospects listed as "no appreciable metals 
detected" are listed in the spatial database and shown on Plate 3 as having an arsenic concentration of 0.005%, 
one-half the detection limit of 0.01%. 

 
SUMMARY 

Clearly, a dense pattern of highly-mineralized, northeast-trending, northwest dipping structures cut through the 
core of the MCMA.  The known structures consist of veins and/or shear zones mineralized with high 
concentrations of arsenic and heavy metals - antimony, cadmium, copper, iron, lead, and zinc.  These 
mineralized veins and shear zones constitute natural occurrences of heavy metals that were deposited in place 
long before glaciation carved the landscape and certainly prior to exploration, development, and mining in the 
area.  When subjected to erosion, either by historic glaciation or on-going runoff from streams, such as Glacier 
Creek and Seventysix Creek, these "natural" deposits also constitute sources of heavy metal contribution to the 
aquatic environment.  It can also be surmised that many more mineralized structures, smaller in size or ones not 
discovered by prospectors, may cut across the area and thus serve as additional, "unknown" but natural sources 
of metals. 
 
PRM/sjr 
Att: Tables 1-3 

Plates 1-3 
Appendix A. 

c: CES Project File 
PN: 2011230022-002 
Doc: 2011230022 MCMA Geology and Veins Technical Memo.docx 
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Table 1.  Geologic Map Legend for Plate 1 - Major Geologic Units

Monte Cristo Mining Area, Snohomish County, Washington

Map 

Unit1 Rock Type Name and Lithologic Description2 Geologic Age2

Alluvial / Sedimentary Deposits

Qa
Alluvium of valley bottoms - Moderately sorted to well-sorted deposits of cobble gravel to sand along rivers and streams and local lacustrine deposits. 
Includes some older fluvial deposits in terraces above present rivers and streams. Locally includes small side-stream fans and other unconsolidated 
deposits.

Qu
Alluvium, undifferentiated - Alluvium, colluvium, soil, steep alluvial fans, and landslide debris with indistinct morphology. Mapped where sufficiently 
continuous and thick to obscure underlying units.

Qt
Talus - Nonsorted angular gravel to boulder diamict. At lower elevations, gradational with unit Qu. At higher elevations, includes small rock-avalanche 
deposits, as well as some Holocene moraines, rock glaciers, and protalus rampart deposits that lack characteristic morphology. Surfaces generally 
unvegetated.

QTl
Landslide deposits - Diamict composed of angular clasts of bedrock and surficial deposits derived from upslope. Many are not labeled on map. Includes 
both transported material and unstable scarp area, if present. Older landslides are generally large and have somewhat subdued hilly topography.

Qag
Alpine glacial deposits - Ranging from boulder till in uplands and upper valleys to gravel or sand outwash on broad valley floors. On valley sides and 
uplands, includes areas veneered with drift but also includes subordinate areas of bedrock, alluvial fans, colluvium, or talus deposits. On valley floors, also
includes small fans, bogs, and modern stream alluvium. Areas of thin, sparse drift not distinguished from bedrock.

Qvr
Outwash deposits, recessional - Stratified sand and gravel, moderately sorted to well-sorted and well-bedded silty sand to silty clay. Formed 
predominantly in outwash-plain and valley-train environments in lowland areas.  In Darrington area, includes small areas of advance outwash deposits.

Pleistocene

Tes Sedimentary Extensional sedimentary rocks - Mostly fluvial sandstone and conglomerate with subordinate shale, volcanic rocks, and minor coal.
Early Oligocene

and Eocene

Igneous Rocks - Intrusive/Extrusive

Qcav Extrusive
Cascade volcanics - Broadly consists of active stratovolcanoes (Glacier Peak), older highly eroded volcanoes, and scattered volcanic deposits erupted 
from independent vents, and other small occurrences. Predominantly andesite but composition ranges from dacite to basalt.

Holocene and
Pleistocene

QTcp Intrusive
Cascade Pass family intrusives - Tonalite, granodiorite, and granite; rare gabbro. Includes intrusive breccias associated with plutons of this family. 
Includes parts of Snoqualmie batholiths, Cascade Pass dike, Carbon River stock, and minor intrusive bodies.

Pleistocene, 
Pliocene, and

Miocene

Tcaf Extrusive Fifes Peak volcanics - Predominantly basaltic andesite and basalt flows and breccias, as well as rhyolitic ash-flow tuffs.  Includes minor mafic intrusions. Miocene

Tcas
Snoqualmie family intrusives - Tonalite, granodiorite, and granite; rare gabbro. Includes part of Snoqualmie batholith and minor intrusive bodies.  Also 
identified as granodioritic and granitic rocks of the Grotto batholith (Tgg) by Tabor and others (1993).

Miocene and
Oligocene

Tcao Rocks of Ohanapecosh episode - Mostly basalt and andesite but ranges from basalt to rhyolite. 

Tcai Index family intrusives - Tonalite, granodiorite, and granite; rare gabbro. Includes minor intrusive bodies.

Alluvium, 
nonglacial

Alluvium, 
glacial

Holocene and
 Pleistocene
(± Pliocene)

Oligocene

Intrusive

Cascade Earth Sciences - Spokane, WA
PN: 2011230022-002
Doc: 2011230022 MCMA Geology and Veins Tech Memo Tables.xlsx (T1 Legend P1)
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Table 1.  Geologic Map Legend for Plate 1 - Major Geologic Units

Monte Cristo Mining Area, Snohomish County, Washington

Map 

Unit1 Rock Type Name and Lithologic Description2 Geologic Age2

Igneous Rocks - Intrusive/Extrusive (continued)

Tev Extrusive
Extensional volcanic rocks (Barlow Pass volcanics) - Mostly basalt and rhyolite flows, breccia, and tuff.  Includes some small bodies of mafic intrusive 
rocks.  Also identified as Eocene Barlow Pass volcanics and interbedded sediments (Tbv) by Tabor and others (1993).

Early Oligocene 
and

Eocene

Kt Intrusive
Tonalite Plutons - Mostly tonalite, gneissic tonalite, and tonalitic to granodioritic gneiss; mostly with both hornblende and biotite; some bodies have 
magmatic epidote.

Late Cretaceous

Metamorphic Rocks

TKeb
Rocks of Eastern Mélange Belt - Mostly mafic volcanic rocks and chert with subordinate greywacke and foliated greywacke, argillite and phyllitic 
argillite, and marble. Includes large masses of gabbro, metatonalite, and gneissic amphibolite. Local serpentinite and serpentinized peridotite.

TKhm Serpentinite—Locally includes peridotite where matrix has been thermally metamorphosed, probably by a subjacent pluton of the Cascade arc.

Knmg
Nason Ridge Migmatitic Gneiss - Mostly heterogeneous, light-colored tonalitic to granodioritic gneiss, interlayered with mica schist and amphibolite. 
Crosscutting sills, dikes, and irregular bodies of light-colored, fine-grained to pegmatitic tonalite and gneiss are also abundant in migmatitic phases.  
Grades northward into more uniform, mostly medium grained garnet-biotite-quartz-oligoclase (andesine) gneiss.

Kncs
Chiwaukum Schist - Mostly well laminated, graphitic garnet-biotite-quartz schist. Locally contains cordierite, staurolite, or kyanite; rare sillimanite. 
Minor to locally abundant schistose amphibolite. Local dikes and sills of tonalite and granodiorite. Rare marble and calc-silicate rocks.

Ked
Darrington Phyllite - Predominantly black, highly fissile sericite-graphite-albite-quartz phyllite, typically with abundant quartz veinlets; commonly 
complexly folded. Locally interlayered with greenschist.

Early Cretaceous

NOTES:

1 Map unit definitions; capital letter (e.g., Q, T, K) refers to geologic age, and lower case letters refer to rock name or lithologic description:  Q = Quaternary age; T = Tertiary age; K = Cretaceous age.

2 Geology, unit names, descriptions, and geologic ages taken primarily from:  Haugerud, R.A., and Tabor, R.W. 2009.  Geologic map of the North Cascade Range, Washington.  U.S. Geological Survey Scientific 

Investigations Map 2940, 2 sheets, scale 1:200,000; 2 pamphlets, 29 p. and 23 p.

Reference: Modified from Haugerud, R.A., and Tabor, R.W., 2009.  Geologic map of the North Cascade Range, Washington.  U.S. Geological Survey Scientific Investigations Map 2940, 2 sheets, scale 1:200,000; 

2 pamphlets, 29 p. and 23 p. Website: http://pubs.usgs.gov/sim/2940/

Metamorphic

Middle Eocene to
Late Cretaceous

Late Cretaceous
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American prospect 37 N -121.37060 47.97832 USBM Map 
(location 

approximate)

N - - - - Northeast-trending, steeply-dipping faults and shear zones in andesite. Three adits, 15, 16, and 34 feet long. 5 5 samples:  no appreciable metals 
detected

BOSTON AMERICAN MINE 57 Y -121.39556 47.98472 GPS2 Y - 1 - 2 Northeast-trending, steeply northwest-dipping, sulfide-bearing shear zones near southwest terminus of adit in 

andesite and rhyolite.  The first zone, 2,789 feet from the portal, is 24 feet wide, strikes N. 23o E., dips steeply to 
the west, and contains sheared, kaolinized, limonite-stained rhyolite.  The second shear zone is 3,333 feet from the 

portal, and exposed over a strike length of 162 feet.  This zone, which is over 50 feet wide, trends N. 12o E., dips 

80o to the west, and has a composition similar to that of the first zone.  These zones may be the lower extensions of 
shear zones exposed at the nearby Oliver and Birney Mine. 

One 3,842-foot-long adit including 
short crosscuts and drifts.

74 74 samples:  no appreciable metals
detected

Clara prospect 32 N -121.37002 47.98181 USBM Map 
(location 

approximate)

Y - 1 - 3 One sulfide-bearing quartz vein trends N. 74o E. and dips 87o NW in bleached, limonite-stained tonalite and 
kaolinite which contains disseminated pyrite and arsenopyrite.  The quartz vein pinches and swells, averages about 2 
inches thick, and contains pyrite, arsenopyrite, sphalerite, and galena.

Two adits, 22 and 25 ft long. 2 2 samples:  As (0.59 %), Pb (0.13 
%)

Comet Mine 40 N -121.37141 47.97495 USBM Map 
(location 

approximate)

Y 1 2 - 4a, 4b, 5 The Comet Mines nos. 1 and 2 develop a sulfide-bearing shear zone that strikes N. 80o E. and dips 67o to 89o NW in 
light gray to dark green andesite.  Averaging 3.1 feet wide, the shear zone is composed primarily of limonite-stained 
gouge, sheared andesite, and discontinuous veins of argentiferous galena, pyrite, arsenopyrite, and sphalerite and is 

estimated to extend about 800 feet along the strike.  An undeveloped, sulfide-bearing quartz vein that strikes N. 80o 

W., dips 24o NE, and averages 0.5 feet wide intersects the main shear zone just above the Comet Mine no. 1 portal.  
The vein contains quartz arsenopyrite, sphalerite, argentiferous galena, and chalcopyrite.

Two adits, both partially caved, 
developed by 1,038 ft of drifts and 
crosscuts.

38 38 samples:  As (0.10-26.5 %), Pb 
(0.12-3.1 %), Zn (0.01-18.0 %)

Congress prospect 56 N -121.38562 47.96889 USBM Map 
(location 

approximate)

Y - 1 - 6 N. 83o E.-trending, 67o to 86o NW-dipping, sulfide-bearing quartz vein averages 0.8 feet thick and exposed for 500 
feet in hornfels and siliceous andesite.  The quartz vein contains pyrite, arsenopyrite, sphalerite, and lesser amounts 
of chalcopyrite and galena.

One 67-ft-long adit. 8 8 samples:  As (0.15-16.0 %), Sb 
(0.26-2.22 %), Cu (0.01-0.11 %), 
Pb (0.13-6.5 %), Zn (0.36-9.0 %)

Emma Moore prospect 54 N -121.38650 47.97119 USBM Map 
(location 

approximate)

Y - - 1 7 Shear zones and sulfide-bearing veins trending N. 80o E. and dipping 52o NW are exposed for about 900 feet in a 
steep-walled gully and in cliff faces.  The veins, containing pyrite, sphalerite, galena, arsenopyrite, and chalcopyrite, 
are usually confined to the shear zones ;and pinch and swell sporadically.  The maximum vein width in the area 

which is accessible is 0.5 feet.  Another sulfide-bearing zone trending N. 45o E. and dipping steeply northwest is 
also exposed along cliffs above the area mapped.  It was viewed as close as possible from a helicopter and appears 
to be an extension of a sulfide-bearing vein examined at the Hannah prospect.  The zone is exposed for about 400 
feet, appears to average about 3 feet wide, and is heavily limonite-stained.

One 41-ft-long adit. 17 17 samples:  As (0.2-9.7 %), Cd 
(0.01-0.03 %), Cu (0.13 %), Pb 
(0.12-7.4 %), Zn (0.24-6.28 %)

Eureka prospect 15 N -121.35923 47.98744 USBM Map 
(location 

approximate)

Y 1 - - 8 A N. 85o E.-trending, 74o to 85o NW dipping shear zone, with a sulfide-bearing, quartz vein that averages 1.0 foot 
thick that is exposed near a creek, is explored by an adit which is now caved.  The sheared tonalite is bleached, 
limonite-stained, and contains disseminated pyrite.  The vein pinches and swells sporadically and contains pyrite, 
arsenopyrite, sphalerite, galena, chalcopyrite, and stibnite.  Locally, the tonalite is bleached outward for several feet 
from the vein and those areas which are highly altered contain disseminated pyrite.  

One caved adit, estimated at less 
than 20 ft, and one open cut.

17 17 samples:  As (0.08-9.9 %), Cu 
(2.5 %), Zn (0.51 %)

Glacier prospect 43 N -121.37815 47.97501 USBM Map 
(location 

approximate)

N - - - - N. 76o E.-trending, 36o NW-dipping, sulfide-bearing quartz vein and siliceous zones in sheared volcanic breccias. One 57-ft-long adit. 3 3 samples:  no appreciable metals 
detected

GOLDEN CORD MINE 36 Y -121.37405 47.98057 GPS Y - 2 - 9, 10 The Golden Cord Mine develops a 1.7-foot-thick shear zone containing a sulfide-bearing quartz vein that strikes N. 

72o E. and dips 64o to 83o NW in dark gray-green andesite.  The vein is composed of arsenopyrite, quartz, galena, 
sphalerite, pyrite, and chalcopyrite.  The shear zone and vein extend from the 3,857-foot sublevel, 145 vertical feet 
down to the Justice Mine.

Extensive underground workings:  
three main levels and two sublevels 
develop 2,286 ft of workings; 
connects to the Justice Mine.

49 49 samples:  As (0.13-27.0 %), Cu 
(0.11-1.60 %), Pb (0.11-5.1 %), 
Zn (0.11-7.1 %)
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Hannah prospect 53 N -121.38640 47.97272 USBM Map 
(location 

approximate)

Y - - 1 11 Three sulfide-bearing shear zones in andesite underlie the Hannah claim.  The northernmost shear zone strikes N. 55o 

E., dips to the northwest, and is exposed for more than 257 feet.  The zone consists of heavily sheared, limonite-
stained andesite containing lenses and veins of quartz, galena, sphalerite, and pyrite.  The second shear zone trends 

N. 65o E., dips approximately 60o to the north, and is exposed for over 160 feet.  This zone, which is developed by 
181-foot-long adit, contains a sulfide-bearing quartz vein.  The vein averages 0.4 feet wide and contains 
arsenopyrite, pyrite, sphalerite, and traces of galena.  The third sulfide-bearing shear zone is exposed 340 feet 

southwest of the adit.  This zone trends east-west, dips 70o to the north, and contains lenses and veins of quartz, 
galena, sphalerite, arsenopyrite, and pyrite.  The zone appears to average over 4 feet wide and extends uphill from 
its contact with talus for about 800 feet before being covered by alluvium.   (very steep topography) 

One 181-ft-long adit. 20 20 samples:  As (0.66-3.7 %), Pb 
(0.13-41.0 %), Zn (0.26-13.8 %)

Hilda prospect 14 N -121.35179 47.98868 USBM Map 
(location 

approximate)

Y - - 1 12 The adit explores a N. 81o E.-trending, 58o N to 78o S.-dipping quartz vein containing pyrite, sphalerite, 
arsenopyrite, chalcopyrite, stibnite, and galena.  The vein is covered by snow west of the adit and continues over a 
steep ridge into inaccessible country to the east.  A smaller sulfide-bearing quartz vein, which was brecciated and 
recemented with calcite, crops out near a trench on the ridge.  Exposed vein may be same as the Whistler Prospect 
(No. 13).  

One 12-ft-long adit with connecting 
open cut and one trench.

10 10 samples:  As (0.2-6.9 %), Sb 
(0.1-1.9 %), Cu (0.1-8.2 %), Pb 
(0.16-2.6 %), Zn (0.18-5.1 %)

Hydra No. 2 prospect 17 N -121.36597 47.98745 USBM Map 
(location 

approximate)

Y - - - - The adit explores a N. 66o E.-trending, 60o NW-dipping, sulfide-bearing quartz vein that averages 2.9 feet thick and 
is exposed for 100 feet in sheared tonalite.  The quartz vein contains pyrite, sphalerite, arsenopyrite, galena, and 
traces of stibnite and chalcopyrite.  Small sulfide-bearing stringers, veinlets, and disseminations occur sporadically 
in the sheared tonalite.

One 13-ft-long adit. 2 2 samples:  As (0.28-1.36 %), Sb 
(0.04-0.08 %), Cu (0.03 %), Pb 
(0.10-0.24 %), Zn 0.12-0.53 %)

Ibex No. 1 prospect 45 N -121.37613 47.96886 USBM Map 
(location 

approximate)

N - - - - Northeast-trending, northwest-dipping shear zone in andesite. One 86-ft-long adit. 5 5 samples:  no appreciable metals 
detected

Iron Dale prospect 46 N -121.37552 47.96595 USBM Map 
(location 

approximate)

N - - - - Northeast-trending, northwest-dipping shear zone in andesite. One 68-ft-long adit. 3 3 samples:  no appreciable metals 
detected

Iron Mask prospect 47 N -121.37142 47.96452 USBM Map 
(location 

approximate)

Y - 1 - 13 The adit explores a N. 56o E.-trending, northwest-dipping, sulfide-bearing quartz vein that averages 0.7 feet thick 
and is exposed for 37 feet in sheared dacite breccia.  The quartz vein contains galena, sphalerite, pyrite, and 
arsenopyrite and is bordered by fault gouge containing disseminated pyrite.

One 37-ft-long adit. 4 4 samples:  As (0.83 %), Sb (0.03-
0.06 %), Pb (0.08-0.21 %), Zn 
(0.18-0.37 %)

IXL prospect 29 N -121.36477 47.98041 USBM Map 
(location 

approximate)

Y - 1 - 14 The adit explores a N. 40o E.-trending, 47o NW-dipping, sulfide-bearing quartz vein that averages 1.3 feet thick and 
is exposed for 24 feet in bleached, limonite-stained tonalite. The vein contains pyrite, arsenopyrite, and traces of 
stibnite, sphalerite, galena, and chalcopyrite.  Extensions northeast and southwest are covered by alluvium.

One 24-ft-long adit. 29 29 samples:  As (0.1-10.0 %), Sb 
(0.04-0.1 %)

Jenny D. prospect 60 N -121.39277 47.96989 USBM Map 
(location 

approximate)

Y 1 - - 15 N. 86o E.-trending, 64o to 68o NW-dipping, sulfide-bearing quartz vein averages 0.3 feet thick and exposed for 16 
feet in sheared andesite.  The shear zone contains hydrothermally altered and limonite-stained andesite with 
disseminated pyrite and arsenopyrite and a 0.25-foot-thick arsenopyrite-bearing quartz vein.

One 7-ft-long adit, one caved adit, 
and one open pit.

4 4 samples:  As (0.25-7.7 %), Cu 
(1.2-2.7 %), Zn (2.6-5.1 %)

JUSTICE MINE 35 Y -121.37608 47.98127 GPS Y - 2 - 16, 17 The Justice Mine develops a vein system that strikes northeast, dips steeply to the northwest, averages 4.4 feet thick, 
and appears to be a western extension of the Mystery vein system; in total the system is estimated to be 5,800 feet 

long.  The northern vein strikes N. 30o E., dips 72o NW, and is entirely in andesite.  The vein is mostly quartz and 
arsenopyrite, with varying amounts of pyrite, sphalerite, galena, chalcopyrite, and bornite, all occurring as stringers 

within the vein.  The southern vein trends N. 65o E. and dips 70o NW, and is part of the Mystery, New Discovery, 
Pride of the Mountains vein system.  This vein, which is also in andesite, is made up of quartz, arsenopyrite, galena, 
pyrite, sphalerite, and stringers of chalcopyrite and bornite.  The vein is bordered by a zone of sheared, limonite-
stained andesite. 

Extensive underground workings:  
main deposit developed by 4,452 ft 
of horizontal workings, and a 250 ft 
raise connects the Justice with the 
Golden Chord Mine.

140 140 samples:  As (0.50-47.5 %), 
Sb (0.13-1.95 %), Cu (0.10-6.4 
%), Pb (0.10-21.7 %), Zn (0.10-
18.0 %)

LIBERTY PROSPECT 49 Y -121.38720 47.97848 GPS Y - 1 - 18 N. 70o to 80o E.-trending, 32o to 70o NW-dipping sulfide-bearing, quartz vein in sheared andesite.  Sulfides that are 
concentrated on the footwall of the shear zone include pyrite, pyrrhotite, and arsenopyrite.

One 246-ft-long adit; open with 
hazardous portal area.

13 13 samples:  As (0.09-1.1 %)
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LINCOLN MINE 48 Y -121.38722 47.97953 GPS Y - - - - The adit reportedly followed a mineralized shear zone with a sulfide-bearing quartz vein trending S. 45o E. in 
andesite.  Rock from the dump was generally limonite-stained andesite altered by pyritization and silicification, and 
rock in a 100-ton stockpile reportedly contained arsenopyrite, pyrrhotite, pyrite, and quartz.  Note the following 
observations from a site examination in 2010:  little remains of the dump which has been subject to erosion by 
Seventysix Creek; the residual dump area is covered by a hillside slump; and the stockpile was not found.

One caved adit estimated to be 250 
ft long.

3 3 samples:  As (13.0 %), Cu (0.5 
%), Pb (0.6 %; stockpile)

Marmot No. 1 prospect 8 N -121.37846 47.99174 USBM Map 
(location 

approximate)

N - - - - Limonite-stained, sheared phyllite containing pods and lenses of sulfide-bearing quartz. Two adits, 62 and 24 ft long. 19 19 samples:  As (0.06-0.12 %), Cu 
(0.12-1.83 %), Zn (0.1-0.27 %)

Marmot No. 2 prospect 9 N -121.37548 47.98962 USBM Map 
(location 

approximate)

N - - - - Limonite-stained, sheared phyllite. One 120-ft-long adit. 6 6 samples:  no appreciable metals 
detected

Meridian prospect 26 N -121.36818 47.98568 USBM Map 
(location 

approximate)

Y - 1 - 19 An adit explores a N. 45o E.-trending, 50o NW-dipping, sulfide-bearing quartz vein in sheared, bleached tonalite.  
Chalcopyrite, sphalerite, galena, pyrite, arsenopyrite, and stibnite are the major sulfide minerals in the quartz vein.  
The altered tonalite contains disseminated pyrite and traces of the sulfide minerals mentioned above.

One 28-ft-long adit. 7 7 samples:  As (2.28 %), Sb (0.17 
%), Cu 0.04 %), Pb (0.31 %), Zn 
(0.09 %)

Monte Cristo prospect 38 N -121.36756 47.97621 USBM Map 
(location 

approximate)

N - - - - Unaltered tonalite. One 43-ft-long adit. 2 2 samples:  no appreciable metals 
detected

Montrose prospect 10 N -121.36535 47.99520 USBM Map 
(location 

approximate)

Y - - - - N. 44o E.-trending, 82o NW-dipping  fault zone in tonalite is explored by the adit.  The zone contains limonite-
stained, bleached, sheared tonalite and a 0.2-foot-wide, sulfide-bearing quartz vein.

One 5-ft-long adit. 2 2 samples:  As (0.3 %)

Mountain Maid prospect 52 N -121.38649 47.97375 USBM Map 
(location 

approximate)

Y - 1 - 20 N. 50o E.-trending, vertically-dipping, sulfide-bearing, quartz vein in sheared, bleached andesite.  Three veins range 
from 0.4 and 1.9 feet thick; one is exposed for at least 800 feet.  The quartz veins contain pyrite, sphalerite, 
arsenopyrite, galena, and chalcopyrite.  

One 19-ft-long adit and one pit. 3 3 samples:  As (0.47-4.29 %), Cu 
(0.01-0.08 %), Pb (0.01-0.4 %), 
Zn (0.03-0.87 %)

MYSTERY MINE 33 Y -121.36989 47.98069 GPS Y - 2 - 21, 22 Northeast-trending, northwest-dipping, sulfide-bearing quartz veins in sheared, bleached andesite and tonalite, 
averaging 6.8 feet thick.  Part of the major, 5,800-foot-long Mystery-Pride vein system. The quartz veins contain 
pyrite, chalcopyrite, arsenopyrite, sphalerite, bornite, chalcocite, galena, and stibnite; hematite-, malachite-, and 

azurite-staining occur in isolated sections.  The veins generally strike N. 40o E. and dip steeply northwest in the 

tonalite and strike N. 40o E. and dip vertically in the andesite.  Veins have a lens-like appearance and usually phase 
out as another begins.  In some cases the vein will pinch and wedge out until it ends in an unmineralized fracture.  
Many veins in the andesite end abruptly upon intersecting another vein.  Ore lenses vary in width and have strike 
lengths in the range of 50 to 250 feet.  Faulting is evidenced by offsetting veins, gouge, brecciation, and sheared 
sulfide minerals. 

Extensive underground workings:  
main deposit developed by 6,020 ft 
of horizontal workings on three 
main levels and three intermediate 
levels. Upper workings access both 
the New Discovery and Pride of the 
Woods Mines.

424 424 samples:  As (0.5-18.5 %), 
Sb( 0.1-7.2 %), Cu (0.1-4.0 %), 
Pb (0.10-6.3 %), Zn (0.1-12.5 %)

Nelsor prospect 41 N -121.37149 47.97313 USBM Map 
(location 

approximate)

N - - - - Lightly limonite-stained andesite breccia; no structure observed. One 17-ft-long adit. 2 2 samples:  no appreciable metals 
detected

NEW DISCOVERY MINE 22 Y -121.36225 47.98114 GPS Y - 5 - 23, 24, 25, 
26, 27

The New Discovery Mine develops two major sulfide-bearing veins that intersect about 800 feet from the portals.  
The north portal is driven on a vertical extension of a vein developed by the Mystery Mine.  The south portal 
intersects the main vein of the New Discovery approximately 270 feet into the mine.  The north, or Mystery, vein 

trends generally N. 70o E. and dips about 55o to the northwest.  The south, or New Discovery, vein strikes N. 50o E. 

and dips about 60o to the northwest.  These veins are a part of a larger, 5,800-foot-long vein system developed by 
the Justice, Golden Cord, Mystery, Pride of the Woods, and Pride of the Mountains Mines.  Within the 
discontinuous vein, sulfides occur in lenses generally 50 to 250 feet in length, and often up to 6 feet thick.  Bands of 
arsenopyrite, pyrite, sphalerite, and quartz, with smaller bands, or veinlets, of galena, bornite, chalcopyrite, and 
stibnite constitute the sulfide lenses.  Secondary mineralization in the form of realgar, malachite, and azurite is also 
found within the veins.  Gangue material is made up of heavily limonite-stained, sheared tonalite or andesite 
containing quartz and sulfide stringers, disseminated sulfides, and clay gouge.  Gouge material consists of kaolinized 
country rock, forming a white clay, and heavily altered sulfides, creating a grey clay.

Extensive underground workings:  
2,840 ft of horizontal workings on 
three main levels connected by 
stopes & raises.  Lowest level 
connect to the Mystery Mine.

195 195 samples:  As (0.5-31.9 %), Sb 
(0.1-2.0 %), Cu (0.1-2.0 %), Pb 
(0.1-15.0 %), Zn (0.1-25.9 %)
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Oliver and Birney Mine 58 N -121.40216 47.98065 USBM Map 
(location 

approximate)

Y - 1 - 28 The  Oliver and Birney Mine develops two shear zones in andesite interbedded with rhyolite.  The west shear zone 

strikes N. 25o E., dips about 85o to the northwest, and averages approximately 4 feet in width.  The east shear zone 

strikes N. 2o E., dips 8o to the west, and averages about 2 feet wide.  Sulfides occur irregularly as shoots throughout 
the shears.  Pyrite, chalcopyrite, and arsenopyrite occur in stringers and veins up to 1 foot thick within these shoots.  
Sheared material consists of heavily altered, limonite-stained andesite, fault gouge, and disseminated sulfides.

Three adits total 945 ft including 
drifts and crosscuts; one adit caved 
90 ft from the portal; one is caved 
165 ft from the portal; and third 
partially caved.

9 9 samples:  As (3.0-8.12 %), Cu 
(0.2-2.39 %)

Ouida prospect 39 N -121.36724 47.97510 USBM Map 
(location 

approximate)

Y 1 - - 29 A northwest-trending shear zone ranges from 20 to 40 feet in width, is exposed for over 800 feet along strike, and 
contains several sulfide-bearing quartz veins.  Quartz veins in the north end of the shear zone trend northeast, dip 
steeply to the northwest, and contain galena, arsenopyrite, sphalerite, chalcopyrite, pyrite, and malachite.  Farther 
south, a sulfide-bearing quartz vein that strikes N. 56o E. and dips 46o NW is exposed along dip.  The vein contains 
arsenopyrite, galena, sphalerite, and pyrite.

None. 11 11 samples:  As (0.69-23.5 %), Sb 
(0.12-1.0 %), Cu (0.15-0.78 %), 
Pb (0.24-20.0 %), Zn (0.07-8.3 
%)

Philo prospect 19 N -121.36316 47.98563 USBM Map 
(location 

approximate)

Y 1 1 - 30, 31 The Philo workings explore a N. 83o E.-trending, 76o to 86o NW-dipping shear zone and quartz vein in tonalite.  
The sulfide-bearing quartz vein averages 1.0 foot thick, contains arsenopyrite, pyrite, quartz, sphalerite, 
chalcopyrite, and lesser amounts of galena and is exposed in the shear zone the entire length of the 735-foot-long 

adit.  Total exposed strike length is estimated to be 1,130 feet.  A second sulfide-bearing vein, trending N. 65o W. 

and dipping 82o NE., intersects the adit from the portal.

One 735-ft-long adit with 105-ft-
long crosscut; stopes present.

53 53 samples:  As (0.1-34.0 %), Sb 
(0.1-0.73 %), Cu (0.1-0.89 %), Pb 
(0.12-2.05 %), Zn (0.1-3.0 %)

Pica prospect 16 N -121.35650 47.98706 USBM Map 
(location 

approximate)

Y - - 1 32 The adit explores a northeast-trending, steeply-dipping, shear zone in tonalite and a sulfide-bearing quartz vein.  The 

vein strikes N. 79o E., dips 78o to 84o NW, and contains pyrite, sphalerite, arsenopyrite, and lesser amounts of 
chalcopyrite, stibnite, and galena.

One 18-ft-long adit. 8 8 samples:  As (0.21-7.9 %), Sb 
(0.16-0.23 %), Cu (0.12-0.28 %), 
Pb (0.08-1.03 %), Zn (0.11-11.3 
%)

Pion prospect 12 N -121.36397 47.99164 USBM Map 
(location 

approximate)

N - - - - East-trending, steeply-dipping shear zone in tonalite. One 8-ft-long adit. 4 4 samples:  no appreciable metals 
detected

Portland No. 1 prospect 31 N -121.37084 47.98354 USBM Map 
(location 

approximate)

Y - 1 - 33 Two adits explore a N. 78o E.-trending, 37o to 65o NW-dipping, sulfide-bearing quartz vein that averages 0.6 feet 
thick and is exposed for 95 feet in sheared, bleached, heavily limonite-stained tonalite with disseminated pyrite.  
Major sulfide minerals in the quartz vein include pyrite, arsenopyrite, sphalerite, and chalcopyrite with lesser 
amounts of pyrrhotite, galena, stibnite, and bornite.

Two adits, 51 and 65 ft long. 9 9 samples:  As (0.12-4.3 %), Sb 
(0.12-0.29 %), Cu (0.12-0.51 %), 
Pb (0.32-4.6 %), Zn (0.12-1.26 
%)

Portland No. 2 prospect 20 N -121.36082 47.98358 USBM Map 
(location 

approximate)

Y - 1 - 34 The adits explore N. 78o E.-trending, 73o to 75o NW-dipping and N. 73o E.-trending, 64o NW-dipping, sulfide-
bearing quartz veins that average 0.3 to 0.6 feet thick and are exposed for up to 350 feet in sheared tonalite.  Severa
en echelon quartz-sulfide veins controlled by jointing crop out between the adits.  Galena, sphalerite, arsenopyrite, 
pyrite, stibnite, and chalcopyrite occur in the quartz veins within shear zones along the joints.  

Two adits, 8 and 58 ft long. 5 5 samples:  As (0.27-4.26 %), Cu 
(0.03-0.25 %), Pb (0.05-6.5 %), 
Zn (0.13-12.0 %)

Potomac prospect 27 N -121.36579 47.98247 USBM Map 
(location 

approximate)

Y - 1 - 35 The adit explores a N. 78o E.-trending, 68o NW-dipping, sulfide-bearing quartz vein that averages 1.2 feet thick and 
is exposed for 30 feet in sheared, bleached tonalite.  The vein contains pyrite, chalcopyrite, galena, sphalerite, and 
arsenopyrite, and  malachite and azurite are observed as staining on quartz.  Appears to be on strike with the 
Washington Prospect (No. 21).

One 32-ft-long adit one trench. 6 6 samples:  As (0.06-1.3 %), Cu 
(0.13-8.9 %), Pb (0.8-2.26 %), Zn 
(0.14-7.8 %)

PRIDE OF THE MOUNTAINS 
MINE

23 Y -121.35889 47.98056 GPS Y 1 2 36, 37, 38 The mine explores a N. 35o E.-trending fault zone that ranges from several feet to over 15 feet wide and dips an 

average of 33o NW in tonalite.  The Mystery, New Discovery, Golden Cord, Justice, and Pride of the Woods Mines 
are on the same, 5,800-foot-long zone.  The tonalite in the fault zone is locally sheared, bleached, and contains 
varying amounts of disseminated pyrite, sphalerite, arsenopyrite, and traces of chalcopyrite, galena, and stibnite.  
Lenses and veins of sulfide-bearing quartz, as many as four parallel quartz veins in some exposures, occur randomly 
along the entire length of the zone.  Major sulfide minerals in the quartz veins include arsenopyrite, pyrite, 
pyrrhotite, marcasite, sphalerite, chalcopyrite, galena, and stibnite and to a lesser extent sulfosalts including 
boulangerite, and some quartz veins are distinctly zoned, containing bands of arsenopyrite, pyrite, chalcopyrite, 
galena, and sphalerite.  Several northeast-trending, steeply northwest-dipping faults and sulfide-bearing quartz veins 
cut the main shallow-dipping fault zone.  The most prominent is a sulfide-bearing, 1 inch to over 6 inches wide 

quartz vein that strikes N. 47o E., dips 71o -81o NW, and is exposed for over 340 feet at the lowest mine level.  
Outcrops of the main fault zone and sulfide-bearing quartz veins were observed up to 1,750 feet east from the portal 
at the lowest level of the mine.  

Extensive underground workings:  
main deposit developed by 2,314 ft 
of horizontal workings on three 
main levels and several intermediate 
levels connected by stopes & raises.  
Other workings include two adits, 9 
and 10 ft long; three open cuts, 8, 
12, and 65 ft long; and several pits.

340 340 samples:  As (0.5-38.0 %), Sb 
(0.1-12.8 %), Cu (0.1-15.0 %), Pb 
(0.1-30.0 %), Zn (0.1-16.0 %)
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Table 2.  Mineralized Veins and Shear Zones Associated with Mines and Prospects
                Monte Cristo Mining Area, Snohomish County, Washington

Name of Mine or Prospect
(Removal Action Sites shaded)

USBM1

Location
No.

Removal
Action

Site

Longitude
(Digital)

Latitude
(Digital)

Source of
Location

Data

USBM

Report3a,b

USBM
Map -

Surface

USBM
Map -

UG4

USBM
Map -

Surf-UG5

USBM
Map

Figure6
Geologic Description - Mineralized Veins and Shear Zones7 Workings

USBM
Samples
Collected

USBM Analytical Data

for Selected Elements8

PRIDE OF THE WOODS MINE 28 Y -121.36503 47.98119 GPS Y - 1 - 39 The Pride of the Woods Mine lies on the same vein system as the Mystery Mine, so the geology is identical.  The 

mine was driven on a N. 80o E.-trending, steeply-dipping, sulfide-bearing quartz vein in sheared, bleached tonalite.  
The vein contains pyrite, arsenopyrite, sphalerite, chalcopyrite, and galena.  

One 587-ft-long with extensive 
stopes; connects to the Mystery 
Mine.

13 13 samples:  As (0.27-5.78 %), Cu 
(0.17-3.0 %), Pb (0.13-5.9 %), Zn 
(0.1-3.4 %)

Ptarmigan prospect 25 N -121.34947 47.97730 USBM Map 
(location 

approximate)

Y - - - - An adit explores a N. 85o E.-striking, 75o NW-dipping, sulfide-bearing shear zone in andesite breccia.  The breccia 
is composed of irregular shaped black and green fine-grained clasts which are cemented by calcite and quartz.  
Pyrite, arsenopyrite, sphalerite, galena, and traces of chalcopyrite are disseminated through the sheared zone which 
is as much as 28 feet wide (average 14 feet) and extends 80 feet northeast and 200 feet southwest from the adit.

One 14-ft-long adit with 14-ft-long 
connecting open cut.

2 2 samples:  As (0.25-1.1 %), Pb 
(0.38-1.4 %), Zn (0.85-3.4 %)

Pusher prospect 30 N -121.37085 47.98478 USBM Map 
(location 

approximate)

N - - - - Northeast-trending, northwest-dipping shear zones in tonalite. Three adits, 32, 47, and 104 ft long. 14 14 samples:  no appreciable metals
detected

RAINY MINE 34 Y -121.38321 47.98412 GPS Y - 2 - 40, 41 The Rainy Mine adit exposes a north-northeast-trending, heavily fractured shear zone which dips 48o to 80o NW.  
Traces of pyrite and arsenopyrite occur throughout the shear zone, but no continuous sulfide-bearing veins were 
observed.

One 855-ft-long adit and a 210-ft-
deep, flooded shaft that accesses 
1,095 ft of drift on four levels (shaft 
collar covered).

0 No samples collected.

Ranger prospect 42 N -121.37138 47.97125 USBM Map 
(location 

approximate)

Y 1 - - 42 A large shear zone trends east-west, dips from several degrees north to nearly vertical, and is exposed from near the 
bottom of Seventysix Creek to the head of Glacier Basin.  Over 100 feet wide in some places, the zone is generally 
limonite-stained and contains disseminated pyrite along most of its exposed length.  Abundant sulfide minerals occur 

in siliceous zones and quartz veins that trend N. 76o E., and dip 36o to 72o NW at the lower end of the zone near the 
adit.  The major sulfide minerals in the quartz veins, in order of decreasing abundance, are pyrite, arsenopyrite, 
sphalerite, galena, stibnite, and chalcopyrite.  The sulfide-bearing quartz veins and siliceous zones, as much as 11.6 
feet wide, pinch out above the adit but may continue below the adit for some distance.  Ranger is on the same shear 
zone as the Seventy-six Mine (No. 44).

One 16-ft-long adit. 38 38 samples:  As (0.1-17.5 %), Sb 
(0.01-4.4 %), Cu (0.07-1.4 %), Pb 
(0.12-21.5 %), Zn (0.12-16.5 %)

Seventy-Four prospect 55 N -121.38612 47.97054 USBM Map 
(location 

approximate)

Y - 1 - 43 N. 60o E.-trending, 20o to 80o NW-dipping, sulfide-bearing quartz veins (2) in bleached, sheared andesite.  
Hydrothermal alteration is moderate to high with kaolinite occurring locally in the shear zones containing quartz-
sulfide veins.  Major sulfides include pyrite, arsenopyrite, galena, sphalerite, chalcopyrite, pyrrhotite, and 
tetrahedrite.

One 118-ft-long adit. 11 11 samples:  As (1.5-10.0 %), Sb 
(0.04-0.75 %), Cu (0.1-0.7 %), Pb 
(0.78-22.0 %), Zn (4.3-30.0 %)

Seventy-Six Mine 44 N -121.37765 47.97199 USBM Map 
(location 

approximate)

Y - 2 - 44, 45 Sulfide-bearing lenses and veins in east-trending, 28o to 44o N-dipping zone of sheared, siliceous, andesite breccia.  
The shear zone, 30 feet wide in spots, crops out over a vertical distance of more than 1,400 feet in andesite.  Rocks 
in the shear system consist of silicified, brecciated andesite and limonite-stained fault gouge.  Veins range from 0.5 
to 3.2 feet thick, and sulfide minerals, which occur in lenses, veins, and disseminated throughout shear zones, inclu
arsenopyrite, pyrite, sphalerite, chalcopyrite, and galena.  Appears to be on the same shear zone as the Ranger 
Prospect (No. 42).

Three adits, 19, 151, and 681 ft 
long; longest adit partially caved.

34 34 samples:  As (0.11-5.3 %), Cu 
(2.0 %), Zn (0.11-5.3 %)

Shakespeare prospect 11 N -121.36607 47.99178 USBM Map 
(location 

approximate)

Y - - - - A N. 85o W.-trending, 61o NE-dipping, sulfide-bearing quartz vein is explored by an adit in sheared tonalite.  The 
zone contains sheared, bleached, limonite-stained tonalite and a 0.2-foot-wide sulfide-bearing quartz vein.

One 8-ft-long adit, and one pit. 4 4 samples:  As (1.0 9%), Sb (0.64 
%), Cu (0.08 %), Pb (2.61 %), Zn 
(2.1 %)

SHERIDAN MINE 51 Y -121.38567 47.97597 GPS Y - 1 - 46 An adit exposes a N. 55o E.-trending, steeply northwest-dipping, sulfide-bearing shear zone for at least 390 feet in 
highly fractured porphyritic andesite.  Sulfide minerals include pyrite, arsenopyrite, quartz, and malachite.

One 410-ft-long adit. 18 18 samples:  As (0.18-2.0 %)

Side Line prospect 24 N -121.35379 47.97981 USBM Map 
(location 

approximate)

N - - - - Northeast-trending, steeply northwest-dipping shear zone in tonalite. One 17-ft-long adit. 2 2 samples:  no appreciable metals 
detected

SIDNEY MINE 50 Y -121.38587 47.97742 GPS Y - 1 - 47 N. 45o to 55o E.-trending, sulfide-bearing quartz vein in sheared andesite (covered by alluvium).  Heavily limonite-
stained andesite from a stockpile in the adit contained massive pyrite and arsenopyrite, with lesser amounts of 
sphalerite.

One adit caved 205 ft from portal; 
estimated to be 750 ft long. (several 
hundred tons in dump)

6 6 samples:  As (1.3-3.5 %)

Snowbird prospect 6 N -121.39982 47.99511 USBM Map 
(location 

approximate)

N - - - - Northeast-trending, southeast-dipping shear zone in rhyolite. One 142-ft-long adit. 

7

7 samples:  no appreciable metals 
detected

Tobique prospect 7 N -121.39268 47.99217 USBM Map 
(location 

approximate)

N - - - - Rhyolite containing disseminated pyrite. One 48-ft-long adit. 

8

8 samples:  no appreciable metals 
detected
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Table 2.  Mineralized Veins and Shear Zones Associated with Mines and Prospects
                Monte Cristo Mining Area, Snohomish County, Washington

Name of Mine or Prospect
(Removal Action Sites shaded)

USBM1

Location
No.

Removal
Action

Site

Longitude
(Digital)

Latitude
(Digital)

Source of
Location

Data

USBM

Report3a,b

USBM
Map -

Surface

USBM
Map -

UG4

USBM
Map -

Surf-UG5

USBM
Map

Figure6
Geologic Description - Mineralized Veins and Shear Zones7 Workings

USBM
Samples
Collected

USBM Analytical Data

for Selected Elements8

Tuscola prospect 18 N -121.36438 47.98666 USBM Map 
(location 

approximate)

Y - - 1 48 Two adits expose N. 77o E.-trending, 65o to 70o NW-dipping, sulfide-bearing quartz veins 5 feet apart averaging 0.7 
feet thick and exposed for 220 feet in sheared, bleached tonalite. The north vein is composed of quartz, pyrite, 
arsenopyrite, sphalerite, and traces of galena, chalcopyrite, and stibnite, and the south vein is barren.  Traces of 
disseminated pyrite occur in those areas which are strongly altered.

Two adits, 9 and 21 ft long. 13 13 samples:  As (0.35-9.15 %), Sb 
(0.05-0.37 %), Cu (0.04-0.1 %), 
Pb (0.12-2.78 %), Zn (0.14-4.8 
%)

Washington prospect 21 N -121.36043 47.98232 USBM Map 
(location 

approximate)

Y - 1 - 49 Northeast-trending, northwest-dipping, sulfide-bearing quartz vein averaging 2.7 feet thick and exposed for 59 feet 
in sheared tonalite and along joints.  Major sulfide minerals are pyrite, sphalerite, arsenopyrite, galena, chalcopyrite, 
and stibnite.  Appears to be on strike with the Potomac Prospect (No. 27).

Two adits, 56 and 60 ft long. 10 10 samples:  As (0.13-3.84 %), Sb 
(0.09-1.03 %), Cu (0.06-0.16 %), 
Pb (0.12-3.62 %), Zn (0.11-16.9 
%)

Whistler prospect 13 N -121.35822 47.98914 USBM Map 
(location 

approximate)

Y - - 1 50 Two workings explore a northeast-trending, steeply dipping shear zone in tonalite.  The bleached, limonite-stained, 
shear zone, as much as 19 feet wide, contains disseminated pyrite and a sulfide-bearing quartz vein.  The vein strikes 

N. 80o E., dips 60o to 80o NW, averages 1.2 feet thick, and is exposed for 325 feet in sheared tonalite.  Major 
sulfides in the vein include pyrite, arsenopyrite, chalcopyrite, sphalerite, and lesser amounts of stibnite and galena.  
Exposed vein may be same as the Hilda Prospect (No. 14).

Two adits, 8 and 21 ft long. 25 25 samples:  As (0.13-26.5 %), Sb 
(0.12-0.42 %), Cd (0.05-0.07 %), 
Cu (0.10-1.27 %), Pb (0.12-3.25 
%), Zn (0.1-17.0 %)

Zeta Mine 59 N -121.39715 47.97132 USBM Map 
(location 

approximate)

Y - 1 - 51 The Zeta adit explores three mineralized structures in dark, gray-green, limonite-stained, fractured andesite.  The 

adit exposes a N. 55o E.-trending, steeply northwest-dipping, sulfide-bearing quartz vein that averages 1.4 feet thick 
and is exposed for 76 feet.  The vein contains arsenopyrite, pyrite, chalcopyrite, and tetrahedrite.  The adit also 
crosscuts a shear zone containing gouge with pyrite, arsenopyrite, chalcopyrite, and sphalerite throughout.  An 
irregular shear zone containing veins and stringers of arsenopyrite, pyrite, chalcopyrite, and tetrahedrite(?) in 
limonite-stained gouge is also exposed in the adit.  

One 121-ft-long adit. 8 8 samples:  As (0.24-4.29 %), Cu 
(0.16-0.82 %)

Total: 1,764

NOTES:

Abbreviations: % = percent, As = arsenic, Cd = cadmium, cu = copper, Pb = lead, Sb = antimony, USBM = U.S. Bureau of Mines, Zn = zinc.

1. USBM (agency was closed in 1996), Department of the Interior; mine and prospect location sequence number assigned in reports cited in 3a and 3b below..

2. Global Positioning System; location data collected in field by Cascade Earth Science staff using portable, hand-held GPS instruments.

3. U.S. Bureau of Mines staff mapped and sampled mines and prospects and prepared two reports on the Glacier Peak RARE II study area: 3a, complete report that was not unpublished; and 3b, summary that was released as an open-file report (see citations below).  A "Y" indicates that a complete property write up is included in the unpublished report.

2a. Johnson, F.L., Denton, D.K., Iverson, S.R., McCulloch, R.B., Stebbins, S.A., and Stotelmeyer, R.B., 1983a.  Mineral Resources and potential of the Glacier Peak RARE II Area (No. L 6031), Snohomish County, Washington. U.S. Bureau of Mines, unpublished report.  547 p.

3b. Johnson, F.L., Denton, D.K., Iverson, S.R., McCulloch, R.B., Stebbins, S.A., and Stotelmeyer, R.B., 1983b.  Summary Report – Mineral Resources of the Glacier Peak RARE II Area (No. L 6031), Snohomish County, Washington. U.S. Bureau of Mines, MLA 75-83.

4. UG = underground map from the unpublished U.S. Bureau of Mines report.

5. Surf-UG = combination surface and underground map from the unpublished U.S. Bureau of Mines report.

6. Figure number from the unpublished U.S. Bureau of Mines report (the figures are available as digitally scanned images [PDF and TIFF] stored in a folder on the DVD that accompanies this Technical Memorandum).

7. Geologic description of mineralized veins and shear zones was compiled from tables and write ups presented in both the unpublished and the open-filed U.S. Bureau of Mines reports.

8. Assays for gold and silver are not included.
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Table 3.  List of Image Files of Mines and Prospects
Monte Cristo Mining Area, Snohomish County, Washington

USBM1 

Figure No.
Name of Scanned Map File

Monte Cristo Mining District Map
2 F-2_Boston-American Mine_UG adit
3 F-3_Clara Prospect adit_UG
4a F-4a_Comet Mine_adit no. 1_upper
4b F-4b_Comet Mine_adit no. 2_lower
5 F-5_Comet Mine_surface map
6 F-6_Congress Prospect adit_UG
7 F-7_Emma Moore Prospect_surf & UG maps
8 F-8_Eureka Prospect_surf
9 F-9_Golden Cord Mine-UG main levels adits

9b F-9b_Golden Cord Mine-UG sublevels
10 F-10_Golden Cord-Justice Mines-UG vertical x-section
11 F-11_Hannah Prospect_surf & UG maps
12 F-12_Hilda Prospect_surf & UG
13 F-13_Iron Mask Prospect adit_UG
14 F-14_IXL Prospect adit_UG
15 F-15_Jenny D. Prospect adit_UG
16 F-16_Justice Mine-UG
17 F-17_Justice Mine-UG vertical x-section
18 F-18_Liberty Prospect_UG
19 F-19_Meridian Prospect adit_UG
20 F-20_Mountain Maid Prospect adit_UG
21 F-21_Mystery Mine-UG-levels 1,2,3
22 F-22_Mystery Mine Complex-UG profile view
23 F-23_New Discovery-UG adits
24 F-24_New Discovery-UG vertical x-section
25 F-25_New Discovery-UG oblique x-section
26 F-26_New Discovery-UG oblique x-section Mystery vein
27 F-27_New Discovery-UG isometric view
28 F-28_Oliver & Birney Mine adits_surf & UG
29 F-29_Quida Prospect_surface
30 F-30_Philo Prospect adit_UG
31 F-31_Philo Prospect_surface
32 F-32_Pica Prospect_surf & UG maps
33 F-33_Portland No. 1 Prospect adits_UG
34 F-34_Portland No. 2 Prospect adits_UG
35 F-35_Potomac Prospect adit_UG
36 F-36_Pride of the Mountains Mine-surface
37 F-37_Pride of the Mountains Mine-UG main levels
38 F-38_Pride of the Mountains Mine-UG oblique x-section
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Table 3.  List of Image Files of Mines and Prospects
Monte Cristo Mining Area, Snohomish County, Washington

USBM1 

Figure No.
Name of Scanned Map File

39 F-39_Pride of the Woods Mine-UG
40 F-40_Rainy Mine-UG adit
41 F-41_Rainy Mine-UG shaft vertical x-section
42 F-42_Ranger Prospect_surface
43 F-43_Seventy-four Prospect adit_UG
44 F-44_Seventy-six Mine_main adit
45 F-45_Seventy-six Mine_N & S adits_UG
46 F-46_Sheridan Mine-UG adit
47 F-47_Sidney Mine-UG adit
48 F-48_Tuscola Prospect adits_surf & UG
49 F-49_Washington Prospect adits_UG
50 F-50_Whistler Prospect_surf & UG maps
51 F-51_Zeta Mine adit_UG

NOTE:
1.  Johnson, F.L., Denton, D.K., Iverson, S.R., McCulloch, R.B., Stebbins, S.A., and Stotelmeyer, R.B., 1983

Mineral Resources and potential of the Glacier Peak RARE II Area (No. L 6031), Snohomish County, 

Washington. U.S. Bureau of Mines, unpublished report.  547 p.
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PLATE 1: Geologic Map of Monte Cristo Mining Area.
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PLATE 2: Veins and Shear Zones at Mines and Prospects
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