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 Montana Tech of the University of Montana 
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SUBJECT:  2011 Data Gap Investigation - PRELIMINARY DRAFT  
  3-D Digital Model of Selected Underground Mine Workings 
  Monte Cristo Mining Area Removal Action 
 
 

INTRODUCTION 

In partial fulfillment of U.S. Department of Agriculture, Forest Service Task Order No. AG-05K3-D-11-
0017, Cascade Earth Sciences (CES) is pleased to submit the following preliminary DRAFT technical 
memorandum for Phase 2, Task 3 of the 2011 Data Gap Investigation.  This report provides supporting 
information on three-dimensional (3-D) models of selected underground mine workings in the Monte Cristo 
Mining Area (MCMA) located in the Mt. Baker-Snoqualmie National Forest and including parts of the Henry 
M. Jackson Wilderness Area, Snohomish County, Washington.  The modeling effort was recommended in 
the Interim Report - 2010 Data Gap Investigation (CES, 2011a).  The 3-D models of workings were derived 
primarily from surface and underground mine maps prepared by U.S. Bureau of Mines (Bureau of Mines) 
staff during a seven-year study ending in 1982 and contained in an unpublished report (Johnson and others, 
1983a).  Summary reports that were subsequently published (Johnson and others, 1983b; 1983c) did not 
contain the mine maps.   
 
Historical prospecting for and mining of gold, silver, and several base metals in the Monte Cristo Mining 
District (mining district) occurred intermittently from about 1890 to as late as 1920 (Woodhouse, 1979).  At 
least 100 workings (adits, shafts, pits, trenches, stopes, etc.) are documented at the 55 known mines and 
prospects in the mining district (Johnson and others, 1983a; 1983b; and 1983c).  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, Golden Cord, Mystery, Pride of the Woods, 
New Discovery, and Pride of the Mountains Mines - are developed by thousands of feet of underground 
workings including adits and shafts, crosscuts, drifts, extensive stopes, and interconnecting passageways 
between some of the mines.  Water that drains from several of the mine portals or seeps from waste rock piles 
is reported to have high concentrations of arsenic and heavy metals (CES, 2008; 2010; and 2011a).   
 
The general locations of the mines included in the 3-D underground mine model are shown on Figure 1 and 
Plate 1, and close-up oblique and vertical cross-section views of the mines associated with the Mystery vein 
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system are presented in Plates 2 and 3.  Relevant information about each of the mines is summarized in Table 
1. Selected Photographs of the mines are in Appendix A, and selected images of portions of the 3-D 
underground mine model are presented in Appendix B. 
 
DISCUSSION 

Purpose and Scope 

The primary purpose of this task is to construct a 3-D digital model of the extensive underground workings - 
including the Justice, Golden Cord, Mystery, Pride of the Woods, New Discovery, and Pride of the 
Mountains Mines - that develop a complex, east-northeast-trending, steeply north-dipping set of mineralized 
veins and shear zones that in this report is referred to as the Mystery vein system.  From west to east, the 
Mystery vein system is exposed by workings in Mystery Basin, developed by drifts and stopes that go 
completely through Mystery Ridge, and is mapped under Glacier Creek and further east into the mountain 
underlying Cadet Peak (Figure 1 and Plate 1).  Such a 3-D model, together with available 2-D surface 
geologic-structure-vein maps (Task 2 of the 2011 Data Gap Investigation), will contribute to our 
understanding of the complex subsurface pathways of groundwater in the mine complex and provide 
improved capability to mitigate mine drainage contribution of hazardous substances to the MCMA.  Other 
selected mines and prospects, determined to be relevant to the Removal Action because of extensive 
underground workings, mine drainage water, and/or physical hazards, are also included in the model.  Known 
veins and shear zones were also digitized if the original Bureau of Mines maps contained sufficient 
information, and where possible, the mineralized structures will be projected to the surface in order to 
demonstrate potential contribution, by erosion, of naturally mineralized outcrops to contamination of surface 
water. 
 
A total of 11 mines and prospects - the 6 mines known to be associated with the Mystery vein system and 5 
other mines and prospects - are included in the 3-D mine modeling task (Figure 1, Plate 1, and Table 1).  
During their field investigation, Bureau of Mines staff constructed 21 detailed maps (1 surface, 12 
underground, and 9 cross-sections) representing the 11 mines and prospects (Johnson and others, 1983a).  
The surface map of the Pride of the Mountains Mine provides the relative locations of the workings on the 
surface, the 12 plan-view underground maps show the extent and nature of the subsurface workings - adits, 
drifts, and cross cuts - and the cross-sections outline the distribution and vertical extent of the many stopes in 
the larger mines.  
 
Methodology 

The following methodology was employed by CES to generate the 3-D digital mine models: 
 

1. Surface and Underground Mine Maps:  CES identified and compiled surface and underground mine 
maps that were a product of field investigations (Photograph 1, field camp) by Bureau of Mines staff 
in the mining district during the late-1970s and early-1980s (Johnson and others, 1983a).  For most 
of the mines, CES was able to acquire scale-stable mylars of the original Bureau of Mines maps from 
U.S. Geological Survey (Geological Survey) archives.  The mylar maps (paper copy if mylar was not 
available) were examined, labeled, and scanned to produce digital image files (PDF and TIFF).  It 
should be noted that, according to Robin McCulloch, one of the Bureau of Mines staff that mapped 
the Mystery vein system, field mappers were unable to reach and map some of the lowest levels of 
the mine as well as some of the extensive stoped areas (personal communication, November 4, 
2011).  The digital image files for all mine maps produced by the Bureau of Mines for the mining 
district accompanied the Technical Memorandum for Task 2, Geology and Mineralized Veins and 
Shear Zones in the MCMA (CES, 2011b, as Appendix A).     
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2. Modeling Contract:  CES reviewed available 3-D mine modeling methodologies and software 
platforms and engaged Assistant Professor Shane Parrow, P.E., and a senior mining engineering 
student, Brendon Dale, at the Department of Mining Engineering at Montana Tech of the University 
of Montana to conduct the modeling task using MapTek Vulcan modeling software.  All relevant 
digital mine map files, digital elevation model (DEM) files, and supporting data were provided by 
CES for the modeling effort.  The contractors, hereafter referred to as Montana Tech, performed the 
following series of subtasks: 

  
a. Mine Maps Digitized:  Underground workings were digitized into real-world space from the 

maps and cross-sections (Johnson and others, 1983a) as well as known adit portal and shaft 
collar locations from available surface maps into a CAD platform (AutoCAD 2012 and 2011).  
The main adit portal at each of the mine workings, or groups of workings, was used as a 
reference point for orienting and digitizing the scanned images (Table 1). 
 

b. 3-D Surface Model:  Thirty-meter DEMs of the Blanca Lake and Monte Cristo 7.5-minute 
quadrangles were converted to State Plane feet (NAD 27)  (Carlson Civil Suite 2012/AutoCAD 
2012), and a 3-D 20-foot contour interval surface model of the southern half of the MCMA was 
constructed.  Due to the large size of the resultant file (~ 0.7 Gigabit), the surface contour model 
was cropped to cover only the extent of the selected mines. 
 

c. 3-D Mine Model:  The AutoCAD DXF files of the 3-D surface and 2-D underground mines 
were imported into Vulcan (Maptek Vulcan 8.1.2 32 Bit).  3-D models of surface and 
underground workings were constructed using triangulation and Boolean functions within the 
software package.  Where possible, veins and shears were modeled and projected to the 3-D 
surface.  
 

d. Coordination and Documentation:  Throughout the digitizing and modeling process, staff from 
CES and Montana Tech communicated regularly to track task progress and assure quality 
control.  Robin McCulloch, one of the Bureau of Mines field mappers and currently employed as 
a mining engineer by the Montana Bureau of Mines and Geology, worked with the Montana 
Tech staff to optimize the 3-D model of the Mystery vein system workings.  A preliminary 3-D 
mine model file, suitable for viewing and rotating 3-D model(s), was developed and exported 
from Vulcan by Montana Tech as a DWG file for use in AutoCAD.  Several screen-print images 
of selected mines and prospects were generated (Appendix B) in order to view the preliminary, 
rendered Vulcan model because CES and the Forest Service do not have the capability to view 
Vulcan modeling files.  When the final Vulcan and AutoCAD models are complete, a plan-view 
shape file will be produced for use in an ArcGIS platform.  Montana Tech provided the 
preliminary AutoCAD, ArcGIS, and Vulcan files to CES for review and inclusion with this 
report.  Montana Tech prepared brief descriptions, used in this report, of the methodologies 
employed and the software platforms utilized in the modeling process. 

 
3. Preliminary DRAFT Report:  CES staff reviewed the preliminary Vulcan and AutoCAD files from 

Montana Tech for accuracy, identified areas for further modeling, constructed the location map 
(Figure 1) and interpretative views of the preliminary wire frame AutoCAD model (Plates 1, 2, and 
3), assembled photographs of the surface and underground workings (Appendix A) and preliminary 
views of the rendered Vulcan mine model (Appendix B), and compiled the supporting data.  This 
preliminary DRAFT of the Technical Memorandum was prepared in cooperation with Montana 
Tech. 
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Data Limits and Qualifications  

Source Data: 
 

• UG survey methodology:  Underground mine mapping by Bureau of Mines staff in the 1970's and 
1980's was commonly conducted using 1) a Brunton compass with a clinometer and 2) a 100-foot- to 
300-foot-long cloth measuring tape.  Survey errors could easily occur during surveys conducted 
throughout the lengthy horizontal and vertical workings and the extensive vertical stopes mapped. 

 
• Areas accessed and mapped:  Some stopes were only partially surveyed or the boundaries could only 

be estimated by the Bureau of Mines due to hazardous conditions.  Reportedly, there may also be an 
additional sublevel in the Mystery vein system that could not be reached by the field staff.   

 
• Points of reference – adit portals:  The location accuracy of the main adit portal at each of the mine 

workings, used as a spatial (X-Y-Z) reference point for the digitized mine maps (Table 1), is 
controlled by the limits of GPS data collected at the mine.  Both aspects, due to the steep irregular 
terrain, and canopy, and thick vegetation in deep valleys, limited the number of satellites accessed by 
the GPS units.  In fact, a GPS reading could not be acquired for the Liberty prospect; instead, its 
location is based on its position relative to the Sidney and Lincoln Mines in Seventysix Gulch.  
Furthermore, GPS data collected at each mine and presented in earlier reports (CES, 2010; and 
2011a) represented general locations of the mines and were not necessarily tied to any particular 
feature.  Consequently, high-resolution orthophotographs (orthophotos) were used in ArcGIS to 
approximate the location of specific adit portals and to improve the accuracy to optimize the 3-D 
mine models. 
 

• DEM surface model:  The DEM files used to construct the 3-D surface model have a 30-meter (about 
100 feet) sample point interval.  At best then, the 20-foot contour surface model was interpolated 
from the original data set which further limits the accuracy of the spatial (X-Y-Z) reference points.  
In fact, the 3-D surface model generated from the DEM did not correspond well with the elevations 
determined by using the high-resolution orthophoto in conjunction with digital rastor graphic (DRG) 
images of the Geological Survey Blanca Lake and Monte Cristo 7.5-minute quadrangle maps in 
ArcGIS.  Differences were not consistent but varied as much as +140 to 200 feet; a range more than 
twice that of typical intervals between underground levels.  Thus, the 3-D underground mine models 
were developed independent of the surface model by utilizing the orthophoto-DRG-derived portal 
elevations rather than those from the corresponding locations on the surface model.  For reference 
purposes, the surface model is "draped" over the 3-D mine model (Plates 1 and 2).  This allowed 
development of a best-fit mine model which, in turn, provides improved internal consistency as well 
as optimized volumetric calculations. 
 

Data Handling and Modeling: 
 

• Adjustments:   Due to the inherent limitations of the survey methodologies and geographic controls, 
it was necessary to make adjustments to the various components (level maps, cross-sections, 
interconnecting passageways, etc.) of the mines that developed the Mystery vein system model to 
achieve a best representation of the relative locations of the underground workings.  Robin 
McCulloch offered advice and assisted with trigonometric calculations which allowed construction 
of the best-fit model.  Additional adjustments and modeling will continue as this preliminary 
DRAFT technical memorandum is prepared and  reviewed. 
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• Modeling standardization:   Although the heights of horizontal underground passageways - cross 
cuts, drifts, etc. - are variable within and between mines due to heterogeneous conditions, a 
standardized 6.5-foot height was applied to the model because the maps do not contain such 
information.  For similar reasons, a standardized 5.0-foot width was applied to the model of the drifts 
and stopes shown on the cross-section of the Rainy Mine.  Cross-sections were used to modify 
working heights where stopes were mapped. 

 
Description of the 3-D Underground Mines and Prospects Model  

As noted above, the mines and prospects selected for inclusion in the 3-D digital model are those that were 
determined to be relevant to the Removal Action because of extensive underground workings, presence of 
mine drainage water, and/or the existence of hazardous mine openings.  The following descriptions will 
address the modeled mines in three parts:  (1) a cluster of three workings in Seventysix Creek - the Sherman 
and Sidney Mines and the Liberty prospect; (2) two isolated mines near Monte Cristo Townsite - the Boston-
American and Rainy Mines; and (3) mines that developed the Mystery vein system - Justice, Golden Cord, 
Mystery, Pride of the Woods, New Discovery, and Pride of the Mountains Mines. 
 

1. Seventysix Gulch Mines and Prospect:  The Sheridan and Sidney Mines and the Liberty prospect in 
Seventysix Creek develop sub parallel, east-northeast-trending veins and shear zones (Table 1, 
Figure 1, and Photographs 2-4).  The underground workings, adits that range from 204 to 410 feet 
long, are driven roughly perpendicular to Seventysix Creek.  Although the Bureau of Mines mapped 
205 feet of underground workings at the Sidney Mine, the workings may have been driven as much 
as 750 feet (Johnson and others, 1983a; and CES, 2010).  Two of the mine adit portals remain open, 
only the Sidney Mine portal is thought to be collapsed (~2009).  An elevated perspective view of the 
workings, as depicted in the Vulcan model which is based on Bureau of Mines work (Johnson and 
others, 1983a), is presented in Appendix B1.   
 
Mine water flow has been measured once each at the Sidney Mine (0.003 cubic feet per second [cfs]) 
in 2008 and at the Sheridan Mine (0.0014 cfs) in 2010, and ponded water has been observed at the 
portal of the Liberty prospect (CES, 2010; and CES, 2011a).  Given that each adit is driven into a 
steep mountainside along a mineralized vein and/or shear zone, there is ample opportunity for snow 
melt water to flow into and along the zones of fractured rock into the underground workings.  
Furthermore, a gravel unit, possibly an old channel of Seventysix Creek that is encountered deep in 
the Sidney Mine would likely provide porous media for snowmelt water. 
 

2. Mines near Monte Cristo Townsite:   The Boston-American Mine, located several hundred feet 
southwest of the Monte Cristo Townsite, was driven 3,842 feet,  including short crosscuts and drifts, 
southwest into the mountain in a failed attempt to intersect a known vein system (Table , Figure 1, 
and Photograph 5).  The adit portal is blocked by a chained steel door, and the workings are probably 
intact; however, neither CES nor the Forest Service are known to have been underground during 
recent investigations (CES, 2008; 2010; and 2011a).  An elevated perspective view of the workings, 
as depicted in the Vulcan model, is presented in Appendix B2.  Mine water drains from the Boston-
American adit portal; measured flows ranged from 0.0003 to 0.003 cfs (CES, 2008; and 2010).  
Given the extent of and the number of shear and fracture zones mapped in underground workings 
(Johnson and others, 1983a), there is ample opportunity for snow melt water to infiltrate the ground 
surface along the shear/fracture zones and flow into the workings. 
 
The Rainy Mine (Table , Figure 1, and Photograph 6) is located approximately one-half mile east of 
the Monte Cristo Townsite and on the north bank of Glacier Creek.  It is developed by a 855-foot-
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long adit driven north-northeast and a 210-foot-deep, flooded shaft (shaft collar covered) that 
accesses 1,095 feet of drift on four levels (CES, 2010; 2011a).  Although not shown on the current 
wire frame model (Plate 1) because data input is still in progress, some of the deeper drifts were 
driven south from the shaft and under Glacier Creek.  An elevated perspective view of the workings, 
as depicted in the Vulcan model, is presented in Appendix B3.  Mine water is ponded behind slough 
at the adit portal and drains into a depression below the portal, where the covered shaft collar may be 
located, and eventually through the waste rock pile and into Glacier Creek.  Four flow measurements 
in 2008, 2010, and 2011 ranged from 0.0001 to 0.15 cfs and averaged 0.039 cfs  (CES, 2008; 2010; 
2011a; and 2011c).  Given the extensive, north-trending shear zones mapped in 855-foot-long adit 
(Johnson and others, 1983a), there is ample opportunity for snow melt water to infiltrate the ground 
surface on the mountainside above the workings and flow through the shear/fracture zones and into 
the adit.  The deeper drifts that underlie the adit and Glacier Creek are probably flooded by water 
infiltrating through the sheared rock over which the creek flows. 
 

3. Mines of the Mystery Vein System:  The Mystery vein system is developed by three extensive sets of 
workings consisting of one or more clusters of interconnected mines (Plates 2 and 3).  The mine 
complexes are grouped from west to east as follows:  the Justice Mine (Photograph 7 and Appendix 
B4) (4,452 feet of horizontal workings) is interconnected with the Golden Cord Mine (2,286 feet of 
horizontal workings); the Mystery Mine (Photographs 8 and 9; Appendix B5), which consists of 
6,020 feet of horizontal underground workings on three levels, is interconnected with the Pride of the 
Woods (Photographs 10 and 11) (587 feet of horizontal workings) and the New Discovery  
(Photographs 12, 13, and 14) (2,840 feet of horizontal workings) Mines; and the Pride of the 
Mountains Mine  (Photographs 15 and 16), which consists of 2,314 feet of horizontal workings on 
three main levels.  In total, the 6 mines develop 18,185 feet, over 3.5 miles, of horizontal workings 
(Table 1, Figure 1, and Photographs 17 to 27).  Several of these mines are also developed by 
extensive stopes, raises and other interconnecting passageways, and ore chutes in addition to 
operational areas such as a blacksmith shop in the Mystery Mine (Johnson and others, 1983a).  An 
elevated perspective view and a cross-section view of the mine workings that develop the Mystery 
vein system are shown in Plates 2 and 3, respectively.  Appendix B4 depicts the Vulcan model in 
rendered format. 
 
Mine water drains from several of the adit portals and/or seeps from waste rock piles at most of the 
mines that comprise the Mystery vein system.  Water flows at the various mines have been measured 
as follows (CES, 2008; 2010; 2011a; and 2011c):   

• the Justice Mine ranged from 0.0056 to 0.75 cfs and average 0.153 cfs in 8 sampling events 
from 2003 to 2011 from the adit portal;  

• the Mystery Mine No. 3 adit ranged from 0.0001 to 0.75 cfs and average 0.11 cfs in 7 
sampling events from 2003 to 2011;  

• two samples collected from the toe of the Pride of the Woods Mine waste rock pile were 
0.00007 cfs in 2008 and 0.002 cfs in 2010;  

• the New Discovery Mine ranged from 0.0 to 0.01 cfs and average 0.153 cfs in 4 sampling 
events from 2003 to 2011;  

• and the main adit at the Pride of the Mountains Mine ranged from 0.0045 to 0.01 cfs from 
2003 to 2011.  
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The wide-ranging, multiple, east-northeast-trending vein and shear zones associated with these mines 
(Johnson and others, 1983a) offer numerous pathways for snow melt water to infiltrate into fractured 
rock and flood extensive areas of the mine complex.  Furthermore, deeper drifts, stopes, and 
associated mineralized veins and shear zones that connect the New Discovery Mine with the Pride of 
the Woods and Mystery Mines underlie Glacier Creek.  This offers constant opportunity to introduce 
stream water flow through the sheared rock, into the workings, and perhaps out of adit portals that lie 
at lower elevations.  The near-vertical, upper stopes of the Golden Cord Mine are near the surface 
which offers opportunity for snow melt to enter the workings through fractured rock, and a stope 
shown in a cross-section of the Justice Mine (Bureau of Mines, Figure 17) is open to the surface.  
This feature has not been investigated. 

 
SUMMARY AND PRELIMINARY CONCLUSION 

The 3-D underground mine model of the 11 mines and prospects in the MCMA - 6 mines known or 
suspected to be associated with the Mystery vein system and 5 other mines and prospects (Figure 1 and Table 
1) - was constructed from 22 historic surface and underground maps and cross-sections produced by the 
Bureau of Mines (Johnson and others, 1983a) based on field investigations conducted in the late-1970's and 
early-1980's.  Six large mines, some of which are interconnected - the Justice-Golden Cord Mine complex, 
the Mystery-Pride of the Woods-New Discovery Mine Complex, and the Pride of the Mountains Mine - 
develop a lengthy and complex, east-northeast-trending, sub parallel system of mineralized veins and shear 
zones that extend over a mile long.  Water that is known to drain from several of the Mystery vein system 
adits - the Justice, Mystery, New Discovery, Pride of the Mountains, and Pride of the Woods Mines - as well 
as other mines and prospects included in the 3-D model - Boston American, Rainy, Sheridan, and Sidney 
Mines, and the Liberty prospect (Plate 1) - has high concentrations of arsenic and heavy metals (CES, 2008; 
2010; 2011a, and 2011c). 
 
The source(s) of mine drainage water are not documented; however, it is evident that the sheared rock 
associated with mineralized zones developed by the mines offer ample opportunity for snow melt water and 
probably summer rainfalls to infiltrate through the fractured, porous rock into and through the underground 
workings.  Furthermore, mine workings and associated mineralized veins and shear zones that underlie 
Glacier Creek offer additional opportunity to introduce stream water flow through the sheared rock, into the 
workings, and perhaps out of adit portals that lie at lower elevations.  It is noteworthy that the adit portal 
elevations of the Mystery Mine No. 3 (4,205 feet) and the Justice Mine ( 3,790 feet) lie well below that of 
Glacier Creek (approximately 4,360 feet) near the Pride of the Woods Mine (Plates 2 and 3). 
 
Detailed engineering and hydrologic examination of the 3-D underground mine model should be undertaken 
to (1) enhance our understanding of the complex subsurface pathways of groundwater in the mines, and (2) 
provide improved capability to mitigate mine drainage contribution of hazardous substances to the MCMA.  
Foot reconnaissance should be conducted over surface areas along the probable outcrop of the Mystery vein 
system, as well as areas where stopes are suspected to open to the surface, such as at near the Justice Mine.  
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Table 1.     Selected Information on Mines and Prospects Included in the 3-D Digital Underground Mine Model
                   Monte Cristo Mining Area, Removal Action - 2011 Data Gap Investigation - 3-D Digital Model of Selected Underground Mine Workings

Mine Name
Bureau of 

Mines Report1 

No.

Mine Reference 

Feature2

Latitude 
(digital 

degrees)

Longitude 
(digital 

degrees)

Elevation, 
Approximate

Public Land Survey3 Description of Workings Bureau of Mines Maps
Bureau of 

Mines Map 

No.1

Ownership / 
Administration

Golden Cord Mine 36 Adit portal (lower) 47.980512 -121.374115 Upper adit ~ 4,300 ft
Middle adit ~ 4,230 ft
Lower adit ~ 4,120 ft

SE¼ Sec 22, T. 29 N., R. 11 E. Three adits, now caved, developed extensive underground 
workings:  three main levels and two sublevels develop 2,286 
ft of workings; connects to the Justice Mine. 

2 underground maps and 1 vertical 
cross section

9, 9b, 10 Forest Service

Justice Mine 35 Adit portal 47.981374 -121.375947 3,790 ft SE¼ Sec 22, T. 29 N., R. 11 E. One adit developed 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.

1 underground map with multiple 
levels and 1 vertical cross section

16, 17 Forest Service

Mystery Mine 33 Adit # 3 portal 
(lower)

47.981228 -121.370104 Adit # 1 ~ 4,467 ft
Adit # 2 ~ 4,339 ft
Adit # 3 ~ 4,205 ft

SE¼ Sec 22, T. 29 N., R. 11 E. 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.

1 underground map with multiple 
levels and 1 vertical cross section

21, 22 Mixed Forest Service 
and Private

New Discovery Mine 22 Adit portal (main, 
west)

47.981140 -121.362250 4,565 ft SW¼ Sec 23, T. 29 N., R. 11 E. Three open adits developed extensive underground workings:  
2,840 ft of horizontal workings on three main levels 
connected by stopes and raises.  Lowest level connect to the 
Mystery Mine.

1 underground map with multiple 
levels and multiple cross sections

23, 24, 25, 26, 
27

Forest Service; HMJ 
Wilderness Area

Pride of the Mountains Mine 23 Adit portal (main) 47.980560 -121.358890 4,880 ft SW¼ Sec 23, T. 29 N., R. 11 E. One main adit developed extensive underground workings:  
main deposit developed by 2,314 ft of horizontal workings on 
three main levels and several intermediate levels connected by 
stopes and raises.  Other workings include two adits, 9 and 10 
ft long; three open cuts, 8, 12, and 65 ft long; and several pits.

1 surface map, 1 underground map 
with multiple levels, and 1 cross 
section

36, 37, 38 Forest Service; HMJ 
Wilderness Area

Pride of the Woods Mine 28 Adit portal 47.981360 -121.365112 4,395 ft SW¼ Sec 23, T. 29 N., R. 11 E. One 587 ft long with extensive stopes; connects to the 
Mystery Mine.

1 underground map 39 Forest Service; HMJ 
Wilderness Area

Boston-American Mine 57 Adit portal 47.984756 -121.395724 2,920 ft NW¼SE¼ Sec 21, T. 29 N., R. 11 E. One 3,842 ft long adit including short crosscuts and drifts. 1 underground (adit) map 2 Forest Service

Liberty prospect 49 Adit portal 47.978492 -121.386878 3,220 ft NW¼ Sec 27, T. 29 N., R. 11 E. One 246 ft long adit; open with hazardous portal area. 1 underground (adit) map 18 Forest Service

Rainy Mine 34 Adit portal 47.984120 -121.383210 2,980 ft SW¼ Sec 22, T. 29 N., R. 11 E. 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).

1 underground (adit) map and 1 
vertical cross section

40, 41 Private

Sheridan Mine 51 Adit portal 47.975943 -121.386127 3,440 ft NW¼ Sec 27, T. 29 N., R. 11 E. One 410 ft long adit. 1 underground (adit) map 46 Forest Service; HMJ 
Wilderness Area

Sidney Mine 50 Adit portal 47.977450 -121.385753 3,308 ft NW¼ Sec 27, T. 29 N., R. 11 E. One adit caved 205 ft from portal; estimated to be 750 ft 
long. (several hundred tons in dump)

1 underground (adit) map 47 Forest Service; HMJ 
Wilderness Area

NOTES:
1 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.

2 Mine feature (e.g. adit portal) used as a reference to locate the scanned image of the U.S. Bureau of Mines map.

3 Locations are based on the Willamette Meridian.

Abbreviations: ~ = approximate, ft = feet, mi = miles, Sec = section, T = township, R = range.
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FIGURE 

Figure 1.  Location Map - Mines and Prospects Included in the 3-D Underground Mine Modeling Task 
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PLATES 

Plate 1.  View Southwest of the 3-D Wire-Frame Model - Underground Workings of Selected Mines 

Plate 2.  Closeup Oblique View Southwest of the 3-D Wire-Frame Model - Mystery-Golden Cord-
Justice- Pride of the Woods- New Discovery-Pride of the Mountains Mine System 

Plate 3. Vertical Cross-section View South of the 3-D Wire-Frame Model - Mystery-Golden Cord- 
Justice-Pride of the Woods-New Discovery-Pride of the Mountains Mine System 
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Gisela
Callout
In Progress:  Additional UG workings that underlie Glacier Creek to be modeled below the Rainy (shaft, drifts, & stopes)

Gisela
Callout
In Progress:  Additional UG modeling work to do on POW & Mystery interface.
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Gisela
Callout
Revisions In Progress:  The stopes shown between the New Discovery (below) and the POTM (above) should NOT show as connect.  They are an artifact of the Vulcan triangulation function and should be fixed in the final.

Gisela
Oval

Gisela
Callout
Work In Progress:  Extensive stopes present in the Mystery and Pride of the Woods Mines are still being modeled.

Gisela
Callout
Note:  Work continues on defining the interface between the Mystery and Pride of the Woods Mines.
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Gisela
Oval

Gisela
Callout
Work In Progress:  Extensive stopes present in the Mystery and Pride of the Woods Mines are still being modeled.

Gisela
Callout
In Progress:  Additional UG modeling work to do on POW & Mystery interface in this area.

Gisela
Callout
Revisions In Progress:  The stopes shown between the New Discovery (below) and the POTM (above) should NOT show as connect.  They are an artifact of the Vulcan triangulation function and should be fixed in the final.



 

 

APPENDICES 

Appendix A.  Photographs 
Appendix B.  Images of Rendered Vulcan 3-D Perspective Views of Selected Mines and 

Prospects  
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Photograph 1. 

View northeast of U.S. Bureau 
of Mines field camp located on 
east flank of Mystery Ridge and 
near the Pride of the Woods 
Mine (out of view to left).  Note 
Glacier Creek flowing right to 
left behind and below the 
helicopter 
(Robin McCulloch, 1981). 

Photograph 2.   

View of portal of the Sherman 
Mine in Seventysix Gulch   
(Phil Moyle, 2008). 
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Photograph 3. 

View inside of portal of Sidney 
Mine in Seventysix Creek.  Note 
the portal is thought to have 
collapsed in 2009 (CES, 2008). 

Photograph 4.   

View of portal of the Liberty 
Prospect in Seventysix Creek.  
Portal is partially blocked by a 
slough pile from a precipitous 
slope failure (Phil Moyle, 2010). 
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Photograph 5. 

View of portal of the Boston-
American Mine near the Monte 
Cristo Townsite.   Note that 
portal is covered with a chained 
steel door (Phil Moyle, 2008). 

Photograph 6. 

View west of Rainy Mine waste 
rock dump on the north bank of 
Glacier Creek (Moyle, 2008). 

DRAFT



MCMA 3-D Digital Model 
Appendix A. Photographs 

PN: 2011230022 / December 2011  
Page 4 of 11 

  

Photograph 7. 

View of portal of the Justice 
Mine in Mystery Basin  
(CES, 2008). 

Photograph 8.   

View of rock wall behind the 
tramway tower ruins at the 
Mystery Mine no. 3; portal 
located about 30 ft to 40 ft to the 
right (Robin McCulloch, 1981). 
 

Photograph 9.   

View of portal of the Mystery 
Mine no. 3 portal area in 
Mystery Basin (CES, 2008). 
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Photograph 10. 

View southeast of waste rock 
dump of Pride of the Woods 
Mine (portal is collapsed) across 
Glacier Creek from the New 
Discovery Mine.  Note Glacier 
Creek wetland area at tow of 
dump and Wilmans Peaks in 
background (Phil Moyle, 2008). 

Photograph 11.   

Adit portal at Pride of the 
Woods Mine, view to the west 
(photo by Graham; Forest 
Service, 2006b). 
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Photograph 12. 

New Discovery Mine viewed 
from Mystery Ridge; showing 
Northwest (NW), Southeast 
(SE), and Barren (B)  Adits  
(Phil Moyle, 2008). 

Photograph 13.   

View of northwest portal of the 
New Discovery Mine across 
Glacier Creek from Pride of the 
Woods Mine  
(Phil Moyle, 2008). 
 

Photograph 14.   

View of southeast portal of the 
New Discovery Mine, about 100 
ft  southeast of north portal  
(Phil Moyle, 2008). 

DRAFT



MCMA 3-D Digital Model 
Appendix A. Photographs 

PN: 2011230022 / December 2011  
Page 7 of 11 

Photograph 15. 

View southeast of the Pride of 
the Mountains Mine.  Note 
Glacier Creek flowing right to 
left at tow of talus slope  
(Phil Moyle, 2008). 

Photograph 16.   

Pride of the Mountains Main 
Adit, showing water behind 
surface sloughing (CES, 2010). 

Photograph 17.   

View from end of exploration 
drift towards Mystery  Mine 
no.1 portal  
(Robin McCulloch, 1981). 
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Photograph 18. 

View of U.S. Bureau of Mines 
field staff collecting sample 
from trench cut in floor of the 
Mystery Mine no. 3 haulage 
level  
(Robin McCulloch, 1981). 

Photograph 19.   

Fused and capped dynamite in 
middle of exploration drift off of 
Mystery Mine no. 1  
(Robin McCulloch, 1981). 

Photograph 20.   

Massive sulfide pillar between 
Mystery Mine no. 2 and no. 3 in 
the flat vein  
(Robin McCulloch, 1981). 
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Photograph 21. 

End of Pride of the Woods Mine 
directly below Mystery Mine no. 
1 level (note hanging and 
footwall) 
(Robin McCulloch, 1981). 

Photograph 22.   

Upper end of flat vein 30 ft 
below Mystery Mine no.2 
haulage level where it merges 
with the Mystery 1 and 2 vein  
(Robin McCulloch, 1981). 
 

Photograph 23.   

Small stope showing a separate 
flat vein off of Mystery Mine no. 
3 haulage level Indicates that the 
flat veins may be stacked yet 
intermittent  
(Robin McCulloch, 1981). 
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Photograph 24. 

Bottom of flat vein where it 
leaves Mystery Mine no. 3 (vein 
2) and crosses to the Mystery 
Mine no. 2 on vein 3  
(Robin McCulloch, 1981). 

Photograph 25.   

Sulfide vein on portal end of flat 
stope is most likely a 
continuation of Mystery Mine 
no. 3, vein 2 above decline 
shown on map  
(Robin McCulloch, 1981). 

Photograph 26.   

Collapse zone on the distal end 
of the flat vein (towards the New 
Discovery Mine)  
(Robin McCulloch, 1981). 
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Photograph 27. 

Access from unmapped sublevel 
at bottom of the flat vein in the 
Mystery Mine  
(Robin McCulloch, 1981). 
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Images of Rendered Vulcan 3-D Perspective Views 
of Selected Mines and Prospects 
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Adit portal

Sheridan Mine

Adit portal

Sidney Mine
Adit portal

Liberty prospectLiberty prospect

Adit portal

Appendix B1. Elevated oblique view southwest of 3-D rendered, mine model images of the Liberty prospect , and the Sheridan and  
Sidney Mines, Seventysix Creek, Monte Cristo Mining Area.  (B. Dale, MapTek Vulcan Software, Montana Tech, December 2011).
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Boston-American Mine

Adit portal

Appendix B2. Elevated oblique view southwest of 3-D rendered, mine model images of the 
Boston-American Mine, Monte Cristo Mining Area.  (B. Dale, MapTek Vulcan Software, 
Montana Tech, December 2011)., )
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Rainy Mine

Adit portal

Appendix B3. Elevated oblique view northeast of 3-D rendered, mine model image of the Rainy Mine, Glacier Creek, Monte Cristo 
Mining Area.  (B. Dale, MapTek Vulcan Software, Montana Tech, December 2011).
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Mystery Mine

Golden Cord Mine
Mystery Basin

Justice Mine

Appendix B4. View southwest of a 3-D rendered Vulcan model of the Justice and Golden Cord Mines . (B. Dale, MapTek
Vulcan Software, Montana Tech, December 2011)
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Pride of the Mountains MinePride of the Mountains Mine

New Discovery Mine

Glacier Basin

Pride of the 
Woods Mine

Mystery Mine

Appendix B5. View southwest of a 3-D rendered Vulcan model of the Mystery, Pride of the Woods, New Discovery, and 
Pride of the Mountains Mines . (B. Dale, MapTek Vulcan Software, Montana Tech, December 2011)
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