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Frontispiece* The Jessie Mill 
This view is looking east from Gold Run Gulch road (photograph 1, 
plate 1)* Abandoned mill is in the left foreground*
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A B S T R A C T

The purpose of this report is to evaluate the economic feasibility
of developing the Jessie Mine as a large low-grade gold ore body*. In
addition, the surrounding region is considered as a favorable explora
tion area for base and precious metals deposits.

The area is located in the northeast portion of the Breckenridge
district, Summit County, Colorado (Figure 1, page 2),

To evaluate the Jessie Mine the structure of the ore body was 
mapped on a scale of 1 inch to 10 feet. Hydrothermal alteration of 
the wall rock and oxidation of the fractures and veins were studied.
A base metals geochemical map was completed in conjunction with assays 
for gold. Mineralographic and petrographic studies were undertaken to 
clarify the paragenetic and petrologic relationships.

In order to develop a better understanding of the broader relation
ships, the structure and stratigraphy of the surrounding 10 square mile 
area was mapped, including other accessible mines. Hydrothermal alter
ation, oxidation features, and the base metal content of the soils were 
studied in the intrusive stock.

ii
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The results of the work in the Jessie Mine show that the gold has 
been depleted by rainingin the areas investigated; the base metals are 
exceedingly low in grade; the type of structure, lack of vein continu
ity, and the geochemical profiles give no encouragement to justify fur
ther exploration. The favorable intrusive porphyry is limited in ex
tent, thereby limiting exploration possibilities.

The results of the regional study are significant because a prom
inent fracture system is present in the stock. The large area of 
quartz monzonite porphyry has been extensively sericitized. The stock 
shows anomalous values in base metals. The elevation of the area 
would imply a deeper zone of oxidation than is present in the Jessie 
Mine. Regional exploration for unknown ore deposits appears to be very 
good in view of favorable monzonite intrusive fracturing and well de
veloped hydrothermal alteration.

iii
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I N T R O D U C T I O N

L o c a t i o n  a n d  A c c e s s i b i l i t y

The area studied is located in Summit County, Colorado, approxi
mately 2 miles northeast of Breckenridge (Figure 1, p. 2), It is in 
the northeast portion of the Breckenridge mining district and includes 
sections lit, 15, 16, 17, 18, 19, 20, 21, 22, 23, and parts of sections 
27, 28, 29, and 30 of Township 6 South, Range 77 West, 6th Principal 
Meridian.

The term "Jessie area” (Plate 2) refers to a 10 square mile area 
surrounding the Jessie Mine, which flanks the south side of the Swan 
River, a tributary of the north-flowing Blue River.

The Continental Divide borders the Breckenridge district on the 
east and south, and the Tenmile Range on the west.

Summit County is accessible via H. S. Highway 6 over Loveland Pass 
from the east and Vail Pass from the west. State Highway 9 enters the 
county by way of Kremmling, Colorado, from the north, and Hoosier Pass 
from the south, iu addition, an all-weather road over Fremont Pass

1.
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makes the region accessible firom Leadville and Highway 2lu These roads 
are generally kept open all year. The highways have an all-weather 
serf ace, except for a gravel stretch of 11 miles between Breckenridge 
and Hoosier Pass.

S t a t e m e n t  o f  P r o b l e m

The purpose of this geologic investigation was to determine the 
possibility of developing the Jessie Mine as a large low-grade gold ore 
bocfcr. The surrounding 10 square mile area was investigated on an ex
ploratory basis.

Various procedures were utilized in this investigation. The in
dividual maps made include a transit survey base map of the accessible 
areas in the Jessie Minej a geologic map of the Jessie Mine using a 
scale of 10 feet to 1 inch* a regional geologic and structural map us
ing aerial photographs as a base. Oxidation features were mapped and 
samples were obtained for petrographic analyses of hydrothermal alter
ation. Thirty foot composite channel samples from the Jessie ore bocfcr 
were assayed for gold. The mineralized area in the Jessie Mine was 
analyzed by trace-metal techniques for lead, zinc, and copper. In ad
dition, several analyses were made for tungsten and molybdenum. An 
areal geochemical soil survey for lead, zinc, and copper was ̂performed 
over the intrusive stock, and in conjunction with this survey, a pH 
analysis was made of the stream water and adjacent sediments.
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P r e v i o u s  W o r k

Ransome1 s professional paper (1911) on the ore deposits of the 
Breckenridge district is the only published report on the district that 
includes the Jessie area* The scale of the geologic map in this paper 
is l/2kOOO and shows no differentiation between the pre-Dakota forma
tions*

A topographic map was made in 1908 of the Breckenridge Quadrangle 
on a scale of l/2l|000.

Leveringfs (1931;) professional paper on the Breckenridge district 
excluded the Jessie area* His report has more detail on the strati
graphy of the district than this stucfy.

The most complete stratigraphic section, which can be found in 
this vicinity, is located 8 miles south of the district on Hoosier Pass* 
This section, which the writer observed, was studied in detail by 
SingewaId (1951) and was included in his report on the Upper Blue River 
valley.

F i e l d  a n d  L a b o r a t o r y  S t u d i e s

Field work was carried on for three months during the summer of 
1956. Happing the Jessie Mine took about half of this time and the 
remainder was spent on the surface mapping the geology and completing 
the geochemical traverses.

Petrographic, mineralographic, and spectroscopic examinations re-
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quired three months of laboratory work at the Colorado School of Mines, 
The major limitations of the field work in the Jessie area are the 

lack of good outcrops and of exposed contacts between stratigraphie 
units. Glacial deposits and Pleistocene wash overlie large portions of 
the district and provide a cover in parts of the Jessie area. Also* 
soil and vegetation covers most of the area.

Only the Glenwood level of the Jessie Mine was available for under
ground examination. Although the Jessie, Hattie, and Quincy tunnels 
were not accessible, it was felt that the Glenwood tunnel, the Seminole 
open stope, and the surface exposures presented a good cross section of 
the Jessie Mine. The Hamilton, Cashier, and Tiger Mines, which were 
present in the area, were inaccessible for underground investigation*

In the Jessie area very few of the roads shown on the Breckenridge 
Quadrangle map are accessible by jeep at present.

A c k n o w l e  d g m e n t  s

The writer acknowledges the financial and material assistance given 
by the Rocky Mountain District of the Bear Creek Mining Company, and 
especially, the late ¥. H. Burgin, the district geologist, R. E. Gil
bert, and Don Smith and John Russel, who analyzed the geochemical 
samples.

The writer thanks the Breckenridge and Boston Mines, Incorporated, 
for permission to examine their underground and surface properties.

He is also indebted to the professors and instructors of the De-



T 839 6.

partmeirt of Geology, Colorado School of Mines and in particular to 
Dr# Robert H. Carpenter, who offered suggestions and helped supervise 
the field work and manuscript preparations to Drs. L# W# LeRoy and 
J. R# Hayes for critically reading the manuscript and for aid in the 
preparation of illustrations5 to Dr* R* M# Hutchinson for suggestions 
and assistance in the petrographic studies; to Dr* R* C. Epis for ad
ditional petrographic assistance* Jfr addition the writer acknowledges 
the time spent by Mr* D. H* Johnson in performing gold spectroscopic 
analyses, and Mr# Harold Bloom for suggestions and interpretation con
cerning the geochemical work.

Drs# W# W# Howe and ¥# H* Dumke of the Department of Chemistry, 
Colorado School of Mines offered valuable assistance by furnishing their 
time and equipment in performing spectroscopic analyses for gold*

R# L# Yinson of Breckenridge, Colorado, aided the writer in sui** 
veying and sampling the Jessie Mine*
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G E O G R A P H Y

P h y s i o g r a p h y  o f  t h e  
B r e c k e n r i d g e  D i s t r i c t

The Breckenridge district is in the southwestern portion of the 
greatly dissected Front Range mineral belt (Figure 2, pf 8), The dis
trict is situated in a monoclinal valley which extends fop 65 miles, 
from Hoosier Pass on the south to Kreraraling on the north. This valley 
links South and Middle Parks and separates the western flank of the 
Front Range from the Gore and Tenmile Ranges.

The high peaks to the east and south are part of the Continental 
Divide, and directly to the west of the district is the'Tenmile Range 
(Figure 1, p. 2).

The major part of the district ranges in elevation between 9,000 
feet and 11,000 feet. The peaks on the Continental Divide and Tenmile 
Range, which surround the district, reach elevations above 13,000 feet.

7.
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T o p o g r a p h y  a n d  G e o m o r p h o l o g y  

o f  t h e  J e s s i e  A r e a

The Jessie area, which is on the south slope of the Swan River 
valley, is in the stage of maturity. At least 70 per cent of the land 
surface is in slope. The drainage radiates outward from the central 
intrusive stock. Relief ranges from 9,300 feet to 10,750'feet and is 
affected by the differential resistance to erosion of the shales and 
intrusives (Figure 3* p. 10). The more resistant intrusives occupy 
the higher elevations and ridge lines, whereas the shales are usually 
located in the valleys. The valleys, in most instances, extend head
ward until they are abruptly terminated by the intrusives.

Within a 15>~mile radius of Breckenridge are the headwaters of the 
Arkansas, Platte, and Colorado Fivers. The Jessie area is in the drain
age basin of the Blue River, .which flows into the Colorado River.

Ransorae (1911, p. 72-80) includes a comprehensive discussion of 
the Pleistocene and Recent history of the Breckenridge area. During 
Pleistocene two glacial advances occurred. The earlier ice stage 
formed the high-level terrace gravels and was designated as the Yar
mouth deglaciation stage by Levering (193U, p. 13). The later ice ad
vance, correlated with the Wisconsin glacial stage,* left morainal de
bris. Ransome (1911, p. 7^-75) has defined some alluvial deposits 
which were contemporaneous with the early stage of glaciation and has 
termed them ”older hillside wash."

In the Jessie area the older glacial gravels have formed thick,
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Figure 3. Delaware Flats.
View looking southeast from the Tiger road shows the 
different rock types affecting the topography. "A” is 
quartz monzonite porphyry | "B" is shale. (Photograph 
2, plate 1).
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wide, river benches along the Blue River and near the mouth of the Swan 
River (Figure 1*, p. 12). These gravels grade into the nolder hillside 
wash” which forms the cover in Gold Run Gulch (Figure 5, p. 13) and on 
the norfcb-facing slope west of Galena Gulch. There is no evidence that 
the younger glaciers ever reached the Jessie area. Their effects may 
be noted,however, in the glacial out-wash gravels which form the bot
toms of the Swan and Blue Rivers.

These gravels cover the structural features of the underlying beds. 
The Jessie area shows no indication of glacial erosion, and the topo
graphy has been predominantly influenced by stream erosion.

Landslide-type topography is common in the Jessie area wherever 
the "older hillside wash" is lying upon the dipping Upper Cretaceous 
shales. The wash absorbs the rainfall or ai$r induced water derived 
from flumes, and the underlying shales act as a slippage plane.

Springs are found in the areas where the shales underlie large 
altered intrusives. The overlying intrusives absorb the rainfall and 
act as a reservoir, whereas the underlying dipping shales act as an 
impermeable barrier to the downward migration of the water.

The Jessie area is covered with snow from late October to the 
latter part of May. Snow is usually present all summer in some of the 
sheltered areas above 12,000 feet in the surrounding mountain ranges.
In summer there is usually an hour of rainfall every afternoon.

The area, which is entirely below timberline, is in the Arapahoe 
National Forest and the vegetation is directly related to the rock 
types. Trees grow in the soils developing on the intrusives and grass
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Figure 1±, Early Pleistocene Terrace Gravels*
View looking east from State Highway 9 shows a section 
of the gravels which flank the Blue River forming high 
level benches* (Photograph 39 plate 1)*
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Figure 5. Early Pleistocene Older Hillside Wash. 
This view is looking east in Gold Run Gulch near the 
Jessie Mill. Angular fragments are quartzite with 
included shales and soil derived from up slope. The 
bed rock is shale. (Photograph 1*, plate 1).
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thrives on the shales. In places where erosive agents have deposited 
intrusive debris upon the shales, a sparse growth of pines or a heavy 
growth of aspen develops.

Sage brush areas are few and, where found, are 03a the south-facing 
slopes of the Swan River drainage.

The streams in the Jessie area flow all summer, but decrease to a 
minimum during late summer. The Blue and Swan Rivers may, by late 
summer, be flowing locally beneath the stream gravels,

S e t t l e m e n t  a n d  D e v e l o p m e n t

Population
Summit County has a permanent population of approximately 2,000 

persons and Breckenridge, the county seat, has a population of about 
300 permanent residents. Because of the influx of tourists and summer 
residents, the population may be increased three-fold in the summer. 
Other towns in the county are Frisco, Montezuma, Dillon, and Kokomo.

Industries
The major source of income for the county is from tourist trade, 

as the region is a vacation paradise. The chief industry, until 1900, 
was mining, but since then it has been on the decline. Several mines, 
however, are being operated by leasers. Lumbering has always been a 
substantial industry in the county. Several cattle ranches are being 
operated.
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Transportation
Daring the mining boom days, railways served most of the mountain

ous area by way of Boreas Pass, At the present time the only trans
portation is by road and two good highways serve the county. Several 
county dirt roads are maintained in the summer, but the maintenance of 
the mountain foads is the responsibility of the industry that finds it 
necessary to use them.
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G E O L O G Y

R e g i o n a l  G e o l o g i c  H i s t o r y

Since the historical geology of the area can be only partly ob
tained from the Breckenridge district, it is necessary to include in 
the discussion the Front Range and the adjacent ranges to the west.
The tectonic elements, which dominated the Paleozoic and most of the 
Mesozoic, are the Front Range positive area extending from Boulder to 
Breckenridge, the Colorado trough west of Breckenridge, and the Denver 
basin east of Boulder. The regional history presented here is taken 
primarily from Lovering (1929)•

The pre-Cambrian is represented by shaly sediments deposited on 
an unknown basement and later folded, metamorphosed, and intruded by 
granite. After the intrusion of the granite there occurred a period 
of orogeny, succeeded by peneplanation.

During Cambrian the seas which spread over the featureless pre- 
Cambrian lowlands may have covered the Breckenridge district. At the 
end of Cambrian wide-spread epeirogenic uplift caused the sea to with
draw.

16.
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Series of oscillations of the earth1s crust caused successive 
periods of invasions and withdrawals of the sea during Ordovician, De
vonian, and Carboniferous. The general proximity of the land masses 
during the Caibrian, Ordovician, Devonian, and Mississippian can only 
be. inferred. During Silurian the area probably was entirely above sea 
level as noted by the absence of these sediments. In general each 
marine invasion was more widespread, with the highlands and basins re
maining in about the same position.

During Pennsylvanian there was a rejuvenation of the land masses, 
as evidenced by the sedimentary lithologies of the Fountain and Maroon 
formations. The ancestral Rockies formed as a result of the uplift of 
the land mass and the rapid sinking of the basins.

Pre-Pennsylvanian sediments are absent in the Breckenridge district. 
Ransome (1911, p. 66-67) stated that this was caused by the progressive 
thinning of the sediments towards the ancestral highland, but Singewald 
(195>1* p. 10) noted that tram. Hoosier Pass north to Spruce Gulch the 
sediments are uniform in thickness, except for some erosional thinning 
and that at Spruce Gulch the pre-Pennsylvanian sediments terminate 
abruptly. Singewald postulates anessWest fault just north of Spruce 
Gulch, k miles south-southeast of Breckenridge, to account for the ab
sence of pre-Pennsylvanian rocks. This locality is the nearest occur
rence of pre-Pennsylvanian sediments to the Breckenridge district. The 
absence of the sediments was probably caused by the north side of the 
fault moving to the west, thus the ancestral highlands were also moved 
farther west. Singewald also noted the absence of the Leadville lime-
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stone north of Hoosier Pass, which may be the result of non-deposition 
or erosion.

The Pennsylvanian and Permian seas flooded the Breckenridge area 
and deposited sediments on the pre-Cambrian basement for several miles 
to the east of the district.

Triassic beds have not been recognized on the western slope of the 
Front Range, but on the eastern slope some of the Lykins formation may 

be of Triassic age. Daring Jurassic, a time of continental alluviation, 
the Morrison formation was deposited on both flanks of the Front Range. 
The period terminated leaving a topography of low relief, with the land 
mass gradually sinking.

The ancestral highlands gradually subsided below the Cretaceous 
sea and only a few islands remained by the end of the Dakota sedimenfca- 
tion. Daring the deposition of the Niobrara, Benton, and Pierre forma
tions the highland completely sank beneath the Cretaceous sea and pro
gressive overlap of the Cretaceous sediments is found in the Brecken
ridge area. About k miles north of Breckenridge, the Dakota formation 
lies on the pre-Cambrian basement.

Near the close of Cretaceous the first impulses of Laramide struc
tural activity were marked by the deposition of the marine Fox Hills 
sandstone conformably upon the Pierre shale. The Fox Hills sandstone 
represents a shoaliig of the sea and uplift in the source area. During 
Laramie time the ancestral highland was elevated above sea level*

The lack of folding and the general uplift of the continent above 
sea level indicated that probably the defomational forces were ini-
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tially acting in a vertical direction.
The intense deformation which marked the Laramide revolution cul

minated during Eocene and folded all previous beds. The pre-Tertiary 
stratigraphy and structures influenced the localization of the Laramide 
deformation (Levering, 1950, p. 3). During the deformation, the fold
ing resulted in overturning and thrusting where the compression was 
greatest. The folding and faulting in the former Colorado trough and 
shelf areas created the back ranges. The thrusting was localized along 
the borders of the ancestral highland and was followed by a period of 
northeasterly and east-northeasterly faulting throughout the Front 
Range. Contemporaneously with this northeasterly faulting, the porphy
ries were emplaced in the Colorado mineral belt. The intrusions cul
minated with the emplacement of the quartz monzonite porphyries (Figure 
2, p. 8). Minor faulting continued after their emplacement, but de
creased rapidly during the following stage of metallization, which form
ed the ore deposits of the Breckenridge district.

The elevations reach a maximum during the Eocene epoch when great 
thickness of volcanics were formed. By the end of early Eocene the 
Front Range was eroded to a peneplain. The resulting surface is known 
as Flattop erosion surface (Rocky Mountain National Park) and presently 
is at elevations between 11,000 to 12,800 feet.

During the Eocene three erosion surfaces were formed (Van Tuyl and 
Levering, 1935).
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HAME PRESENT ELEVATION TIME
Flattop 11,000 to 12,800 feet early Eocene
Green Ridge 9*700 to 10,000 feet middle Eocene
(N.W. Front Range)
Cheyenne Mountain 9*200 to 10,000 feet late Eocene
(Colorado Springs)
The Eocene and Oligocene climates were humid. Uplift and later 

erosion during the Oligocene formed the Overland Mountain surface.
Its typ^ area is 2 miles west of Jamestown and has a present elevation 
between 8,300 feet and 9*200 feet.

The Miocene was marked by volcanic activity and renewed uplift in 
the Front Range. The climate became arid. After the uplift, rapid de
gradation of the mountains resulted in the Rocky Mountain peneplain be
ing formed during late Miocene (Atwood, ¥. W., 1938). Van Tuyl and 
Lovering (1935) delimited the Bergen Park surface (10 miles east of 
Idaho Springs), which was formed daring middle Miocene. This surface 
has a present elevation between 7*1*00 and 8,200 feet. During upper 
Miocene or lower Pliocene, the Mount Morrison berm, 5 miles south of 
Golden, was formed. Its present elevation is between 6,1*00 and 6,800 
feet.

The early and middle Pliocene climate returned to mild and humid 
conditions. The Pliocene sediments are represented only in South Park 
and consist of lake beds.

Two later erosion surfaces were defined by Van Tuyl and Levering, 
the Flagstaff Mountain berm —  2 miles southwest of Boulder, early Plio
cene, present elevation of 7*000 feet; and the Orodell berm —  late
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Pliocene, present elevation between 5*900 and 6,800 feet# Arid condi
tions returned in the late Pliocene age.

The erosion surfaces and berms are best developed on the eastern 
slope# The Flattop peneplain has been the only erosion surface defined 
on the western slope. It is formed at a 12,800 foot elevation in the 
southern half of the Montezuma Quadrangle#

Wahlstrom (I9li7) has proposed only one erosion surfaee in the 
Front Range# This surface, which is the Rocky Mountain peneplain, he 
gives an age of late Pliocene to early Pleistocene.

The uplift during the Miocene epoch instigated the erosion which 
developed the relief in the present-day Breckenridge area#

The Front Range was raised into an arch at the beginning of the 
Pleistocene. The Quaternary deposits may be classified as early glaci
al, late glacial, and Recent (Ransome, 1911, p# 72-80)# Two Pleisto
cene glacial stages are present* the older is represented by high ter
race gravels formed during the Yarmouth deglacial stage (Lovering,
1937, p# 13)* These gravels form terraces 250 feet above the valley 
floors (Figure h, p* 12). The younger stage, which has been correlated 
with the Wisconsin glacial stage, forms typical morainal deposits. The 
retreat of this last stage formed extensive glacial out-wash deposits.

The lower limit to the Pleistocene alpine glaciation may be seen 
as terminal moraines. These moraines were deposited one-half mile 
south of Breckenridge, on French Gulch just below Lincoln, and on the 
Swan River opposite American and Georgia Gulches (Plate 1). The high 
peaks in the surrounding ranges stood out above the alpine glaciers 
(Gapps, 1909)*
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S t r a t i g r a p h y

The stratigraphic sequence in the Breckenridge district begins 
with Pennsylvanian sediments and is terminated with Upper Cretaceous 
shales (Figure 6, p. 23). The Jessie area is dominated by two rock 
types, the Pierre shale and the intrusive quartz monzonite porphyry.
At the western edge of the Jessie area along State Highway 9 (Plate 2) 
Pennsylvanian and younger formations are partially exposed. More com
plete sections are found in the southeastern part of the Breckenridge 
district. The reader is referred to Ransomed report (1911) and Lever
ing^ report (193W  for details of these sections.

Pre-Cambrian
Pre-Cambrian rocks are exposed at the extreme western edge of the 

Jessie area along State Highway 9. These rocks consist of deeply 
weathered schists and gneisses. Just northeast of the northeast corner 
of the Jessie area, pre-Cambrian granites and gneisses are exposed on 
the east side of the Williams Range thrust fault.

Pennsylvanian
Maroon Formation
The Pennsylvanian Maroon formation was deposited upon the pre- 

Cambrian surface (Figure 7, p. 21*). The Maroon, as exposed in the 
Jessie area, varies from a brick-red, micaeous shale to a quartz 
pebble-boulder conglomerate. Only the lower 50 feet is exposed. It
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Figure 7o Pennsylvanian Maroon Formation ,rBn.
This view is looking east from State Highway 9,2 miles 
north of Breckenridge. nAn is pre-Cambrian schists and 
gneisses| ~"Cn is terrace gravels truncating the Maroon 
formation. (Photograph plate 1).
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varies vertically and laterally within short distances from shale to 
conglomerate, A limestone lens, 1 foot thick, was noted near the top 
of the exposed section. The general dip is about 3I>° east-northeast.
The Maroon formation has been truncated by glacial action and covered 
by gravels. In the Jessie area there is no observable contact with the 
overlying Morrison formation.

Jurassic
Morrison Formation
The Morrison formation, as exposed on the western edge of the 

Jessie area, consists of limited exposures of non-micaeous, fine- to 
medium-grained, yellow to white, medium-bedded sandstone and siltstone. 
The formation is stratigraphically between the Dakota and Maroon forma
tions and its contacts can only be inferred.

Cretaceous
Dakota Formation
Stratigraphically above the Morrison formation lies the Upper Cre

taceous Dakota formation. The Dakota is a quartzite or a medium-grained 
quartzitic sandstone. The base usually consists of a conglomerate con
taining pebbles one-half inch in diameter. The section of Dakota, which 
is exposed on the hill west of the Jessie Mine, contains at the base a 
3-foot bed of dark gray limestone, which may belong to the Morrison 
formation. The quartzite weathers to a light pink or to a bluishfgray. 
The Dakota outcrops are more prevalent than the other formations in the 
area, but no complete sections of Dakota are exposed. Along State
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Highway 9 about 50 feet of quartzite is exposed and above the Tiger 
Mine there is an outcrop of quartzite 25 feet thick. West of the Jessie 
Mine the formation has been fractured and faulted (Plate 2). These 
fractures may be a continuation of the fracture zone which exbends 
through the Jessie area.

Benton, Niobrara, and Pierre Formations
The Benton, Niobrara, and Pierre formations are three Upper Cre

taceous units which have been grouped together and mapped as one unit, 
because of the difficulty of identifying each separate formation in the 
field. The outcrops are very sparse; the Benton and Pierre are litho- 
logically very similar; the Niobrara, if present, would lie in an areai
of intrusive activity; their contacts are conformable; there is wide
spread alteration in all three; and there is no economic importance at
tached to separating the formations.

Ransome (1911) did not define the formations, but Lovering (193k) 
made a division in the southern part of the district. Lovering pieced 
together a Cretaceous section from scattered outcrops found within and 
adjacent to the district. The formation designation in the district 
was made on a basis of distance in feet above the top of the Dakota 
quartzite. The most prominent shale in the Jessie area, the Pierre, 
is mapped using Lovering*s interpretation (Plate 2). The beds are 
black fissile shale with some included calcareous zones. These cal
careous areas and the discoloration effects are probably caused by 
secondary processes, because calcite crystals are sometimes present 
(Figure 8, p* 28). A white liny coating may form on the bedding planes
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in the black shale.
The regional dip of the beds is about 30° east-northeast, but has 

been varied by intrusives. The unaltered shales in the intrusive areas 
generally dip in the direction of the topographic slope, whereas the 
baked shales dip into the hill. It is the writer1 s opinion that the 
unaltered shales are thick and have been domed by sill-like intrusions, 
fracturing the shales only slightly. In the baked shales the intru
sions had probably cut through as dikes and the altering solutions were 
permitted to permeate along the bedding planes. Some of the shale form 
roof pendants in the porphyTy, and no dip can be determined.

After the area had been mapped several generalities could be made 
which, because of the lack of outcrops, were used to determine the areal 
extent of the shale. If the shales are unaltered and appear above in
trusives, the shales in my opinion are probably more extensive than the 
intrusives and are not roof pendants. If the shales above the intru
sive are baked or otherwise altered, their extent is probably less than 
the underlying intrusive and the shales are considered roof pendants.

Early Glacial Gravels
The early glacial gravels (Figure h, p. 12) form terraces along the 

western edge of the Jessie area. The gravels consist predominantly of 
well rounded granite, gneiss, and sandstone boulders and pebbles with 
some clay and fine sand forming a matrix. Some of the boulders are h 
feet in diameter, but the average diameter is 12 to IS inches.
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Figure 8. Quartz Monzonite Porphyry nA" and 
Pierre Shale ,TBn Contact.

This view is looking west from Summit Gulch near the 
lower flume. Secondary calcite is present in the ii>» 
tensely fractured limy shale. (Photograph 6, plate 1.)
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Older Hillside Wash
These gravels, as defined by Ransome in 1911 (Figure 5, p. 13) 

formed upon the bed rock of Gold Run Gulch and across the north-facing 
slope west of the mouth of Galena Gulch and were the same age as the
earlier glacial gravels. The wash contains soil material and angular
fragments* The wash fragments in Gold Run Gulch consist of shales and 
quartzites derived from upslope and average about 6 inches in diameter.

Late Glacial Deposits
Late glacial gravels are not present in the Jessie area, but their

out-wash equivalent forms the low level bottom gravels of the Swan and
Blue Rivers. These gravels, which have been extensively placered for 
gold, consist of well rounded, pre-Cambrian granite, gneiss, and sand
stone boulders.

I g n e o u s  R o c k s

In the Jessie area there are two stages of igneous intrusion. The 
earlier, less extensive is the monzonite porphyry. The later, more 
dominate rock is quartz monzonite porphyry. Both intrusive stages are 
considered Eocene.

Muileriberg (1925, p. 21) has shown that the various quartz monzo*- 
nite porphyry rock types, which have been separately mapped in the 
Monarch, Breckenridge, Leadville, Elk Mountain, Tarryall, and Tenraile 
districts, belong to the same petrographic province. He believes they 
are derived from the same magma, which emplaced the Mount Princeton
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quartz monzonite batholith. Ransome (1911) correlated the quartz mon- 
zonite porphyry of the Breckenridge district with the Lincoln porphyry 
of the Tenmile, Leadville, and Alma districts. Levering (1950* p. k$) 
correlated these porphyries between the Leadville, Alma, South Park, 
Tenmile-Climax, Breckenridge, Montezuma, Argentine, Central City-Idaho 
Springs districts and the tungsten belt.

Monzonite Porphyry
The monzonite porphyry is present in two small areas along the 

southern edge of the Jessie area* The age relationships, which prove 
the monzonite porphyry to be older than the quartz monzonite, have been 
determined by cross-cutting relationships in the Wellington Mine by 
Ransome (1911). Lovering (193h, p. 1h) confirmed the cross-cutting 
relationships on Prospect Hill. In the Jessie area no age relation
ships could be determined.

Petrography
In hand specimens the porphyritic texture of the monzonite porphy

ry is less apparent than in the quartz monzonite porphyry. The con
spicuous absence of quartz and the smaller size of the phenocrysts are 
the monzonite* s outstanding characteristics. The surface appearance is 
cloudy and dark, due to hydrothermal alteration and oxidation.

Two thin sections of the monzonite porphyry were studied (Plate 1, 
T.S. 8 and 20). Alteration products were the major effects noticed and 
showed a maximum of 60% sericite.

The following is a list of minerals seen using the microscope.
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Essential
Minerals

Accessory
Minerals

Secondary
Minerals

Plagioclase Apatite Sericite
(intense)

ChloriteBiotite
Epidote
Iron oxide

Alteration prevented precise determination of the composition of 
the plagioclase# The length of the phenociysts varied from 1 to 3 mm* 
The ground mass, is microcrystalline and probably more sodic than po- 
tassic in composition, because of its relief and alteration# No unal
tered specimens were found in the Jessie area#

Quartz Monzonite Porphyry
The quartz monzonite porphyry is readily identified in hand speci

mens, by its conspicuously large phenocrysts of feldspars (length 8 cm# 
max.) and quartz (dia, 1 cm. max#)# The feldspars show various degrees 
of hydrothermal alteration. The porphyry*s inability to form good out
crops and its capacity to support vegetation are probably due to the 
alteration. Other phenocrysts, which show alteration and oxidation ef
fects, are biotite and hornblende#

For thin section stucty-, 2$ slides were available (Plate 1) and con
tained the following minerals:
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Essential Accessory Secondary
Minerals Minerals Minerals
Quartz Apatite Sericite
Andesine (Ab^gAn^) Zircon Epidote
Orthoelase Magnetite Sulphides
Sanidine Olivine (nil) Iron Oxide
Hornblende (nil) Cordierite (nil) Leucoxine
Biotite Chlorite
Muscovite Pennine

Clay
Calcite
Ankerite

The biotite and quartz sometimes show hexagonal outlines* The 
quartz content of the specimens is between 8% and 20%. Plagioclase. feld
spars may be altered to 20% - 70% sericite (Figure 10, p. 3h), whereas 
sanidine shows little or no alteration (Figure 9, p. 3h) • Quartz pheno
crysts may show incipient sericitic alteration around the edges 
(Figures 11, 12, p. 35).

The groundmass is microcrystalline and is composed of quartz and 
feldspar. Its alteration usually develops into a salt and pepper tex
ture of clay and sericite.

The thin sections generally showed microfracturing, along which 
iron oxidation products had formed.

The compositon of the quartz monzonite porphyry from the mouth 
of Browns Gulch is as follows:
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Chemical Composition 
(feansome 1911, p.1 h5)
Si02 ..... 68. lit
ai2o3 ....1^.29

........

Norm
(Recalculated by the author, 1957* 
using Ransome*s Chemical Analysis.) 
Quartz •••••••••••• 2I4.6O
Orthoclase ........ 2lt.00
Albite ..........  30.1*0 92.00#
Anorthite ......... 12.60
Corundum -_______  -liO

FeO ....., 1.66 Magnetite .... 
Tlmenite____ ....... 67 it. 08$ 

96.08#
M g O...
CaO...

Apatite ••••••••••• .1*1
Hyper sthene..... 2,1*9

Secondary Minerals
Na20 ..•, Pyrite .......

Calcite ...............50
KoO... ... ii.07 Wa+.ftr______ ....... 7d. . . . ,

h2o  .... Hot Considered Oxides #
Ho0+ . . « < .39 HiOo ........ ..... .01
Ti0o .... .36

XVJ.V̂2 •••••••••

Mh02 ••••••••• ....... 122
Zr02 .••. .01 BaO ..... .03
C0„ .....,.. .22 SrO ....... 032 ...
PrtOr' . . . . .17 ZrO„ .......... ........ 012 5 
FeS2 ....

2 ...............
Normative Plagioclase ... Ab^y An^3

Ni02 .... Symbol ...... . I.it.2.3.
M h O ....
B a O ....

# Have molecular amounts less than 
.002.

SrO...
99.65

The porphyry in the Jessie area consists of a central stock from 
which dikes and sills were injected into the Cretaceous shales (Figure

13* p. 36). Ransome (1911* p. iilt-50) has made modal and normative



Figure 9* Sanidine phenocryst 
(nicols crossed) in quartz monzonite porphyry from the east 
side of Galena Gulch. Note the small amount of alteration 
as compared to the plagioclase phenocryst in the figure be
low. (Plate 1, T.S 19, X20)

Figure 10. Sericitized plagioclase phenocryst 
(nicols crossed) in a quartz monzonite porphyry. Note the in
tense alteration as compared to the sanidine in the figure 
above. (Plate 1, T.S. 10, Xf>0)
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Figure 11, Quartz phenocryst showing in
cipient sericitic alteration around the edges. Specimen 
is from east of the Jessie Mine (Plate 1, T.S. 18, X 20).

Figure 12. Enlarged view of the reaction rim 
on the above quartz phenocryst (right). Note the 
microcrystalline, salt and pepper texture of the 
groundmass (left). (Plate 1, T.S. 18, X 50)
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Figure 13. Quartz Monzonite Porphyry Dike.
This view is looking south along Gold Run Gulch road below 
the Jessie Sfine. Dike f,A,! is cutting the baked shale ftBn. 
(Photograph 7, plate 1)
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analyses of this intrusive rock from an exposure near the Cashier Mine 

and from Brewery Hill (Plate 1) and has classified it as quartz monzo
nite porphyry.

For the modal analysis an extremely altered specimen was taken from 
Browns Gulch (T.S. 28, plate 1). The porphyry in this area consists of 
dike-like intrusions extending from the stock which is to the southwest. 
It is very doubtful that this sample is from the same dike-like pro
jection as Ransome1s specimen, but it is a representative specimen of 
the porphyry.

The minerals which entered into this determination are quartz, 
soda lime feldspar, potassic feldspar, sericite, epidote, hematite, 
hornblende, and apatite. In classifying the rock all the sericite and 
part of the epidote were considered with the soda lime feldspars. Hem
atite, hornblende, and the remaining epidote were considered as mafics# 
An adjusted analysis of the rock is as follows;

Quartz 8.0$ = 9.2$
Potassic feldspar - 3.8$ - h.3% 5$
Soda lime feldspar - 77.0$ ■ 86.5$ * 95$

88.8$ 100.0$ 100$
Mafics - 10.0$

The plagioclase feldspar, as determined from another thin section 
(T.S. 1, plate 1), are sodic andesine (Ab^^An^). The texture is por- 
phyritic, with a microcrystalline groundmass.

According to Johannsen’s classification the rock is a Rhyodacite
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(227 H), and according to Travis* s classification (19$$) the rock is a 
Quartz Latite Porphyry or a Quartz Dacite Porphyry.

S k a r n  R o c k s

Skam is formed as a result of the injection of igneous rocks into 
the Pierre shale* In the Jessie area a large skarn zone is found on the 
north trending nose west of Greenhorn Gulch, below the lower flume 
(Plate 1).

Two thin sections were made of these rocks (Plate 1, T.S. 2 and 
31). The specimens consist of $0% to 10% subhedral and anhedral garnet, 
a major amount of chloritic alteration, and a little epidote. Carbon
ates varied from minor amounts to about 1$% and formed at a late stage. 
Magnetite is present in small amounts. The specimens show a great deal 
of microfracturing.

The hand specimens have a light brown and green mottled appearance.

I n t r u s i v e  B r e c c i a

The intrusion of the porphyry into the Cretaceous units resulted 
in brecciation and alteration of the shales. Some of the shale was as
similated into the porphyry. Further movement after the intrusion 
fractured the porphyry and shale and permitted the entry of altering 
solutions. The breccia is chalky- white because of the alteration of 
the porphyry, and dark gray from the shales (Figure lit, p. 39). The
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Figure llw Intrusive Breccia in the Glenwood Tunnel,
"A" is altered quartz monzonite porphyry; MBn is shale. Dark 
areas are oxidized fractured shale with included pieces of 
porphyry (white).
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Jessie Mine has a 200 foot zone of intrusive breccia in the adit of the 
Glenwood Tunnel (Plate 3). The breccia has been oxidized and crumbles 
readily.

One thin section of the breccia was made (Plate 1* T.S. h) and it 
showed areas of microcrystalline quartz and zones of feldspars, which 
had been altered to sericite. Quartz and sericite make up 80$ of the 
rock and iron oxides about Quartz phenocrysts are present and
show incipient sericitic alteration near the edges. Also showing in 
the thin sections are pyrite relics and epidote crystals. The size 
of the shale fragments range from a fraction of an inch to 3 inches.

S t r u c t u r a l  G e o l o g y

Regional Structure
The Breckenridge district is in an eastward-dipping structural 

monocline, limited by two major faults, which are transverse to the 
mineral belt (Figure 2, p. 8).

The Mosquito fault limits the Breckenridge tectonic block on the 
west. It is located about 6 miles west of the district and varies be
tween a normal fault and a high angle reverse fault. Its trace is 
north-south, and the pre-Cambrian rocks on the east have been brought 
into juxtaposition with Maroon sediments on the west.

The Williams Range thrust fault limits the eastern margin of the 
Breckenridge tectonic block. This fault, as reported by Levering 
(1928) (1932), is a northwesterly trending, easterly dipping thrust,
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with a maximum displacement of it miles eastward in the vicinity of Key

stone (Figure 1, p. 2). The southern end of the fault begins as an 
overturned fold on Georgia Pass and the trace of the thrust fault con
tinues north to Kremmling. Pre-Cambrian rocks from the east have been 
thrust upon the Upper Cretaceous Pierre shale♦

The sediments of the Breckenridge district lie on the east flank 
of a structural monocline, 10 miles wide, which connects South Park with 
Middle Park* West of the sediments are pre-Cambrian rocks forming the 
Tenmile and Gore Ranges. East of the sediments are pre-Cambrian rocks 
which have been placed upon the Cretaceous shales by the Williams Range 
thrust fault.

In the region from South Park to a few miles north of Breckenridge 
numerous porphyritic sills and stocks were intruded. These sills and 
stocks were preceded by and accompanied by faulting (Lovering, 1950).
Most of the intrusives are in the eastern half of the Breckenridge tec
tonic block. The faults and porphyry masses are the most western por
tion of the Front Range fissure zone, which forms a mineral belt from 
Breckenridge to Boulder (Figure 2, p. 8).

Relation to the Front Range Mineral Belt
Compressional forces, which were not uniform in extent, acted on 

the mineral belt from a S. 60° W. or N. 60° E. direction. The initial 
compressional fracturing resulted in the formation of the Williams 
Range thrust fault. This fault shows that a maximum amount of com
pression was in the vicinity of Keystone, and that the forces were less
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intense towards the south where the fault develops into a fold*
These compressive forces had little effect upon the pre-Cambrian 

batholithic masses around the Front Range mineral belt, except for lo
calizing the shearing in the northeasterly trending zone between the 
granite buttresses. The shearing is in the incompetent schists and 
gneisses, and takes generally a sinuous course between the competent 
granites. Shear faults are common throughout this zone, ̂with the north 
wall moving eastward in most instances. Besides the fracturing, intru
sive activity was localized along this zone (Figure 2, p. 8). This 6- 
mile-wide belt of fracturing and Tertiary intrusion is called the "por
phyry belt" or the "mineral belt" (Levering in Lindgren, 1933, p. 30i±).

The sediments are less fractured north and south of the mineral 
belt. The stresses which existed in the Breckenridge district in line 
with the mineral belt were (Levering, 193li* p# 21):

1. compression from west-southwest,
2. shearing in an east-northeast direction,
3. tension in a northwest direction.

The faulting in the Breckenridge district is in response to these 
stresses on interbedded competent and incompetent rocks. The Tertiary 
intrusives added an additional variable by doming and fracturing the 
Cretaceous shales.

Jessie Area
The Jessie area is within the northeasterly trending mineral belt. 

It is situated along the northern boundary of the mineral belt as it is
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extended into the Breckenridge district.
In this area two major directions of fracturing are present, a IT. 

80° E. zone and a IT. 10° E. system which offsets the IT. 6o° E. frac
tures. Where the two sets of fractures cross, stockworks structures 
have developed (Figures 15, 16, p. 1*1*, 1*19) (Plate 2).

The first system may be extended for a distance of about 5 miles 
in the intrusives and shales (Plate 2). Lovering (1950) considers this 
fracturing, which is normal to the Williams Range thrust fault, a re
sult of residual stresses set up by the thrust. Since the fractures 
are later than the porphyry, and the porphyry is later than the thrust 
(Lovering, 1950, p. 107), these fractures may represent an equilibrium 
adjustment of the crust.

These systems of fractures are a result of the same stresses which 
have been imposed upon the entire Front Range mineral belt. The east- 
northeast fractures, being parallel to the direction of compression and 
normal to the tensional direction, are the major ore-bearing fractures. 
Minor ore-bearing fractures trend north-northeast.

The response of the superimposed fracture system upon the relative 
competency of the shales and porphyries is noted by the lack of pro
duction in the shales. When traced into the shales, the strongly min
eralized east-northeast veins in the quartz monzonite disappear within 
a short distance, leaving a barren fracture.

The east-northeast fracture system has been made visible through 
erosion and exposure of ore bodies at the Jessie, Hamilton, and Cashier 
Mines (Plates 1 and 2). A narrow zone of fracturing is visible, but the



Figure 15. Seminole Open St ope, Jessie Mine. 
View looking east shows a stockworks zone in quartz 
monzonite porphyry. (Photograph 8, plate 1)



Figure 16. May B Open Stope, Jessie Mine.
View looking west shows a stockworks zone in quartz mon
zonite porphyry. Trace of north-northeast fractures "A" 
and east-northeast fractures ,TBn are shown. (Photograph 

plate 1)
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writer believes there is a good indication that this fracture zone can 
be extended half a mile southward. These implications are shown on the 
geologic map (Plate 2) on the ridge between Summit and Galena Gulches.

The outcrops along this ridge are poor, because of the intense al
teration. Prom ground observations and thin section studies of scatter
ed specimens, it was noted that small fractures were present along which 
was formed iron oxide. Also, it was noted that hydrothermal solutions 
had permeated the rocks, forming sericite, epidote, quartz, pyrite, 
chlorite, and carbonates. It was observed that mineralizing solutions 
had permeated the pprphyry, forming disseminated pyrite and microscopic 
quartz and carbonate veins.
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E C O N O M I C  G E O L O G Y

This section includes a discussion of the Front Range mineral belt, 
the Breckenridge district, and the Jessie area. Lindgren (1933, p* 179) 
stated that the emplacement of the intrusives and their ores, in the 
mineral belt was one continuous differentiation process. The differ
entiation commenced in the Mesocordilleran geanticline at the end of 
Jurassic and culminated in the Front Range during Eocene. There is an 
eastward tendency towards alkalinity, beginning with basic rocks and 
differentiating through diorites, granodiorites, monzonites, quartz 
monzonites, and to alkalic rocks in the eastern zone. Lindgren uses 
fluorine as an indicator element of differentiation and states that it 
is absent in the western cardillera and becomes prominent in central 
Colorado.

F r o n t  R a n g e  M i n e r a l  B e l t

In the Front Range mineral belt, which extends from Breckenridge 
to Boulder, Lovering (19f>0) has postulated an augite dioritic magma be

lt?*
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neath the southwestern flank and an olivine gabbro magma at the eastern 
extremity with the differentiation beginning earlier in the west. The 
differentiation series on the eastern slope were (1) diorite, monzonite, 
quartz monzonite, granite,.alaskite, and silver-zinc ores; (2) alkalic 
syenite, bostonite, pyritic gold ores5 (3) biotite monzonite, biotite 
latite, latitie intrusion breccia, gold-telluride ores, and tungsten 
ores. On the western slope the differentiation series ranges from por- 
phyritic quartz monzonite, granite porphyry, to gold sulfide ores 
(Lovering, 1950, p. 2*9-50), The di or it e- quart z monzonite-rhyolite se
ries is present throughout the mineral belt.

The mineral belt is characterized by ore deposits containing base 
metals, silver, and gold. One exception is the tungsten belt between 
Nederland and Boulder at the northeastern end of the belt. Northeast 
of Idaho Springs the most valuable metal is gold. Southwest of Idaho 
Springs the values are in silver, except for the Breckenridge district, 
which has gold. ^

Most of the ore deposits in the mineral belt are fissure fillings 
in permeable zones of pre-mineral faults. Replacement deposits are 
scarce and, where found, are related to the fissure filling veins.
Each district has a center of mineralization with outward zoning,

Lovering (1950, p. 87) shows the following paragenetic sequence 
of mineralization in the Eront Range: (1) pyrite; (2) sphalerite;
(3) chalcopyrite; (20 galena and chalcopyrite; (5) silver-bearing sul- 
fantimonides, sulfarsenides, and bismuthinides; (6) pyrite, little chal- 
copyrite; (7) free gold; (8) minor sphalerite, galena, and silver min-
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eralsj (9) gold telluridesj (10) minor pyrite, gold, sphalerite, and 
galena5 (11) ferberite and sparse sulfides.

Most of the ores southwest of the Idaho Springs district belong to 
groups one through five. Idaho Springs and northeast the ores are from 
groups six through eleven.

The maximum vertical range of the known ore deposits has been 
3,^00 feet. The lower limits of production have been defined by the 
base of the valleys. This bottoming of veins in the valley bottoms 
reflects only the expense and difficulty of locating deeper hidden 
veins. It also indicates the structural complexity in locating unex
posed veins.

B r e c k e n r i d g e  D i s t r i c t

The Breckenridge district occupies an area of lj.5- square miles, at 
the southwestern end of the Front Range mineral belt.

The total production from the Front Range as of 19ltli, amounts to 
#300 million, of which Breckenridge has produced |56 million in gold, 
silver, lead, zinc, and copper (Lovering, 1950).

History and Production
In the summer of 1859 a group of prospectors, most of whom were 

from Georgia, crossed the Continental Divide at Georgia Pass and de
scended into the Swan River valley. Here they found the first western 
slope gold at the mouth of Georgia Gulch.
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For the next 20 years $7 million in placer gold was washed from the 
Swan River, Blue River, French Gulch, Illinois Gulch, and their tribu
taries. Gold Run Gulch has produced gold valuing $750,000 and the total 
worth of placer gold through 191*3 was $15 million. By 1870, 100 miles 
of flumes and ditches had been built and in 1898 gold dredges were in
troduced. The first gold found in place was discovered in Farncomb 
Hill in 1880.

Lead-silver ores were first mined in 1869 from the Old Reliable 
Mine and the Laurim Mine. Lead mining became economical when in 1880 
the Denver to Breckenridge railroad was completed over Boreas Pass.

By 1909, the only producing mines in the district were the Welling
ton, Country Boy, and Sallie Barbara. The mining activity today con
sists of production from the Wellington Mine, which employs about 1*0 
men, development work in the Minnie Mine and a small placer operation 
in Galena Gulch (Plate 1).

Ore Deposits
The minerals of commercial importance in the Breckenridge district 

consist of gold, silver, sphalerite, galena, and pyrite. The types of 
ore deposits may be classified as contact metamorphic, intrusive 
breccias, stockworks, veins, blankets, and placers. The mineralization 
is believed to be related to the quartz monzonite porphyry (Lovering,
193l*) • Supergene enrichment has had a major influence on the deposits 
and their economic importance.
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Contact Metamorphic Deposits
The contact metamorphic deposits are of slight economic importance* 

In some places silicates with metallic oxides and sulfides have formed 
in the limy beds of the Niobrara and Morrison formations* The location
of the deposits is on the south side of Prospect Hill, where small

)amounts of copper and gold have been discovered.
Stockworks
The stockworks type of ore body, which is found only in the Jessie 

area, will be discussed in the next section in detail.
Intrusive Breccia
The Wire Patch Mine is an pre body in an intrusive breccia. The 

brecciatlon resulted from the Intrusion of porphyry into the Cretaceous 
shales causing baking and assimilation of the shales. Further movement 
caused the whole mass to be fractured, thus permitting the circulation 
of galena-silver-gold ore solutions.

Veins
The primary ores are confined to northeasterly pre-mineral faults 

with a few veins trending north. The major producing veins H e  in a 
northeasterly belt, extending from Little Mountain to Mineral Hill.
The veins on Famcomb Hill are outside this belt.

Most of the veins occupy normal faults, striking N. )40° - 80° E. 
and dip 60° - 80° southeast or northwest. All the formations in the 
district are cut by veins, but the ore is usually in veins which have 
porphyry or quartzitic wall rock. The ore shoots are localized in the 
permeable zones of faults. The Wellington Mine is an example of this
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type of ore body (Lovering, 193U)#
Farncomb Hill (Plate 1) is an area famous for its crystalline 

gold, which is in veins similar to those in the rest of the district. 
The gold, which is believed to be supergene (Ransome, 1911* Freise, 
1931)* lies in veins at bedding plane slips in the Pierre shale. No 
deposits have been found further than 300 feet from the quartz mon
zonite porphyry dike, which invades the shale*

Blankets
The blanket deposits are replacements along bedding planes in the 

Dakota quartzite and Maroon formation and are located on Shock Hill, 
Gibson Hill (Plate 1), and Little Mountain, The higher grade ores oc
cur in the upper, sandy, shale horizon of the Dakota formation, where 
it is cut by minor bedding plane faults.

Placers
Placer deposits consist of gulch alluvium, bench or high level 

placers, and deep or low level placers. Both ages of the glacial 
gravels and the older hillside wash are auriferous,

J e s s i e  A r e a

The ore deposits of the Jessie area are in the northeast part of 
the Breckenridge district. They are in stockworks-type structures 
(Ransome, 1911), These deposits include the Jessie, Hamilton, Cashier, 
and Royal Tiger Mines (Plate 1),
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Jessie Mine
The Jessie Mine is located on the east side of Gold Run Gtilch, 

about one and one-half miles south of the Tiger road (Figure 17, 
p. 5k). The mine workings examined are shown in Figure 18, page 55.

History and Production
Work first began on the Jessie property in 1885 and ceased in 

1910. The production has been estimated between $800,000 and $1.5 
million mostly in gold values. The mine is presently the property of 
Breckenridge and Boston Mines, Inc., of Denver, which is a non-produc
ing company.

Geology
The Jessie ore body is within a northwest dike-like projection of 

the quartz monzonite porphyry stock (Plate 2), which intruded into the 
Upper Cretaceous Pierre shale. At the Jessie Mne the intrusive is ap
proximately UOO feet wide and its vertical extent, in the mine work
ings, is 350 feet. The producing areas are located in a zone about 500 
feet in an east-west direction and 200 feet in a north-south line.

The dominating fracture systems may be divided into two general 
groups s the N. 80° E. fractures and the N. 10° E. fractures. Other 
fractures, which strike to all points of the compass, are most preva
lent when the two dominant sets of fractures intersect, thus forming 
stockworks-type structures (Figures 15, 16, p. kk, 1*5) • The fractures 
are more extensive than the mineralization, but do contain iron oxide 
products on most of their surfaces. The maximum displacement shown 
by an individual fracture is approximately 6 inches.
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Figure 17. The Jessie Mine.
This view is looking east from the Jumbo Mine. riAn is 
the Seminole Open Stope; nBn is the May B Open St ope 5 
fTClt is the Jessie Tunnel dump; and rtDn is the Glenwood 
Tunnel dump. (Photograph 10, plate 1),



E X P L A N A T I O N

FIGURE 18

S H A F T

m T I M B E R  S U P P O R T S

R I D G E  L I N E

t 9 0* A B O V E  D A T U MO F F  L E V E L  S T O P E

G E O C H E M I C A L  T R A V E R S E

C A V E D

C A V E D S E M I N O L E  X - C U T  N O . 2

120

S E M I N O L E  O P E N  S T O P E
C A V E D

M A Y  B  O P E N  S T O P E

Declination 
measured 1956

C A V E D

C A V E D

C A V E D

80

C A V E D ,

JESSIE MINE

SURFACE AND U N D E R G R O U N D  WORKINGS
G L E N W O O D  A D I T 100

D R A W N  B Y  

R O G E R  C. B A N G H A R T  

N O V E M B E R  1 9 5 6Z E R O  D A T U M
PORTAL



T 839 56.

The N. 10° E. fractures offset the N. 80° E. fractures (Plate U)# 
The N. 80° E. structures are essentially parallel with the direction 
of the Laramide compression, effective in central Colorado, and are 
probably normal to the direction of tension. These fractures (N. 80°
E.) tend to be open and are, therefore, very often mineralized. The 
fractures dip to the north or to the south at steep angles (Plate 3).
The May B stope in the Glenwood tunnel (Plate I4) shows that the veins 
reach a maximum thickness of 3 inches and their length ranges from 6 
inches to 30 feet. The strikes and dips vary both laterally and ver
tically. The veins in the May B stope show intense, thick oxidation 
with pyrite, sphalerite, and galena as partially oxidized sulphides.

The younger of the veins mapped in the Glenwood tunnel (Plate it) 
are those which strike N. 10° E. 5 they show strong to weak oxidation 
and contain small amounts of pyrite. In the Glenwood tunnel the veins 
contain as much as 6 inches of sticky clay gouge and in the May B stope 
(Plate Ij.) the maximum displacement on this system is 6 inches. The 
strongly mineralized older veins in the May B stope end abruptly 
against the younger veins. The N. 10° E. veins dip east or west at 
angles greater than 30°. Other fractures intersecting these veins 
form stockworks zones.

The Pierre shale, into which the porphyry was intruded, shows ther
mal metamorphisra for several hundred feet along the Jessie road below 
the mine. The baked shales are resistant outcrops, which dip into the 
hillside and beneath the Jessie Mine, suggesting that the intrusive has 
a shallow depth. For 150 feet from the Glenwood tunnel portal there is
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a zone of intrusive breccia of shale and porphyry (Plate 1*) • At one 
locality in the back of the adit, about 1*0 feet from the portal, some 
unaltered shale was found. The amount of shale increases with depth 
because of the topographic slope, and the inaccessible Hattie and 
Quincy tunnels, 150 feet below the Glenwood tunnel, probably had to be 
driven through the shale for at least 1*00 feet before the intrusive was 
encountered.

Just south of the Jessie Mine some of the fractured shale has been 
replaced with carbonates, forming a limy shale with calcite veinlets* 

Mineralogy and Mineralography
The vein minerals present in the Jessie Mine are sphalerite, ga

lena, pyrite, chalcopyrite, quartz, and calcite. The pyrite and sphal
erite are the most widespread minerals. Galena is very limited in 
quantity and the probable reason for this restriction is fracturing and 
replacement by the sphalerite, Chalcopyrite was seen as microscopic 
blebs in the sphalerite and only one underground locality contained 
chalcopyrite in visible quantities (Plate I*),

The sulfides, as seen underground, are segregated along the veins,
i.e, a foot-long section will contain a zone of complete oxidation grad
ing laterally into sphalerite and then galena. This segregation was 
not as apparent when viewed with the microscope.

The sphalerite is the "black jack" variety. Some of the galena is 
contorted (Figure 22, p. 60) and a portion of the pyrite shows signs 
of being fractured.

The study of 1*0 polished sections, from the Seminole open stope
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(Figure 18, p. 55) > showed that along the cleavage planes the sphaler
ite replaced the galena (Figures 19, 20, p. 59). Galena1s conforma
tion to the crystalline outline of pyrite in some instances and the 
lack of this conformation at other times suggests the permeation by 
galena solutions between intervals of pyritic deposition. Chalcopy
rite forms as microscopic blebs in the sphalerite. The blebs show 
thread-like construction in the sphalerite and probably represent re- 
placement along cleavage planes (Figure 21, p. 60).

The small quantity and the late age of chalcopyrite permit several 
inferences as to its origin. The magma may have been deficient in 
copper, or the stresses keeping the veins open may have been declining 
in intensity, thereby closing the fractures to copper-bearing solutions. 
The little copper present may indicate the limit to which the hydrother
mal solutions traveled ffrom the stock, which is to the southeast (Plate 
2). Quartz, in one specimen, was cutting through the galena, but its 
relationship to the other minerals was not seen. Pyrite1s age rela
tionship is both pre-galena and post-galena.

A paragenetic sequence is as follows: (1) pyrite; (2) galena;
(3) sphalerite, with pyrite and quartz; (k) sphalerite, containing 
minor chalcopyrite; (5) chalcopyrite.

The contortion of the galena would indicate that the area was under 
intermittent stress during metallization. Also, there was post-mineral 
fracturing, as indicated by the offsetting of the N. 80° E. veins.

Calcite veins are present in two localities in the north portion 
of the Jessie Mine (Plate 1*). Near the end of the Glenwood adit cal-
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Figure 19. Sphalerite "A" is replacing 
galena nBn along cleavages in the galena. Specimen 
is from the Seminole Open Stope, Jessie Mine. X 200.

Figure 20, Sphalerite rr A” is cutting 
galena nBn and replacing galena along cleavages. Note widening 
of the sphalerite at the intersection of the sphalerite veins. 
Note the parallelism of the cleavage pits throughout the galena. 
Specimen is from the Seminole Open Stope, Jessie Mine. X 75.
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Figure 21* Chalcopyrite "A" shows
linear structure in the sphalerite "B". The chalco
pyrite is probably replacing the sphalerite along 
cleavage planes. The specimen is from the Seminole 
Open Stope, Jessie Mine* (X 200, partial diffusion 
of light.)

Figure 22* Contorted galena r,An.
Note the irregularity of the cleavage pits. The specimen 
is from the Seminole Open Stope, Jessie Mine, X 7E>#
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dite occurs with pyrite in thick gouge veins (Plate 1|). In the stope 
off Seminole Cross-Cut Number 2, calcite occurs in several galena, 
sphalerite, pyrite veins.

Disseminated sphalerite and pyrite occur in the wall rock through
out a large part of the mine. The pyrite is the more extensive of the 
two disseminated minerals and is usually present in the wall rock ad
jacent to a stope. Pyrite veins are sometimes present near the edges 
of the stope. This is not a set rule, since the pyrite would also in
dicate areas of relatively slight oxidation. These disseminations are 
pyrite and sphalerite replacements of the feldspar phenocrysts in the 
quartz monzonite porphyry.

Geochemistry and the Gold Problem
A geochemical study of the Jessie Mine was made by taking 5-foot 

continuous channel samples of the mineralized area, as shown in Plate 5* 
and analyzing for copper, lead, and zinc. The purpose of this study 
was to determine whether any metal increased in content when approach
ing a gold-bearing stope. The copper values remained very low through
out the mine, about 15 p.p.m., whereas the zinc and lead values reached 
a maximum of several percent. The accuracy of the geochemical analyses 
decreases with an increase in metal content and values above 6000 p.p.m. 
should be assayed. The results of this study show a very erratic min
eral distribution, which reflects the nature of the fracture system in 
the mine and not a build-up toward a gold ore bocfy*

Gold assays were made from 30-foot composite channel samples 
(Plate 5). The assays average .01 ounce gold per ton and these results
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show that the ore body has been depleted of its gold. Also, no cor
relation can be made between the gold content and the copper, lead, 
and zinc values. From studying the mine workings it may be inferred 
that the gold values occurred in areas which contain a high number per 
unit area of strongly mineralized, oxidized, east-northeast veins.

Spectroscopic analyses were made of the galena, sphalerite, chal
copyrite, and pyrite to determine if one of these minerals could be 
used as a gold indicator. The results proved to be negative and the 
conclusions reached were: (1) the gold content, as indicated by the
assays, was too low for the sensitivity of the spectrometerj (2) the 
gold did not occur in the analyzed minerals 5 (3) the gold did not vola
tilize, although standard gold leaf samples were used which did vola^ 
tilize. An x-ray analysis of a composite sample of galena, sphalerite, 
pyrite, chalcopyrite and quartz, also gave negative results.

Alteration
The alteration is most intense in the Jessie Mine. The porphyry 

has been changed almost completely to sericite and clay, giving it a 
chalky white appearance. Quartz stands out as little bumps on the sur
face and oxidation of any disseminated pyrite gives the rock a pale 
yellow aspect. The feldspar phenocrysts are the most susceptible to 
the alteration and may be completely eradicated, leaving a vug with a 
perfect crystal cast. Ground water travels through most of the post- 
ore channels and has developed a sticky clay from the wall rock. The 
majority of the gouge fractures are wet. Oxidation of the fracture 
surfaces is the most discernible type of secondary reaction, and rnary
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of the fractures contain some degree of iron oxidation.
In the intensely altered areas most of the ferr©magnesium minerals 

have been changed to sericite and iron oxide end products. Variations 
in the alteration intensity can be discerned in the feldspar pheno- 
crysts, by the progressive lack of luster and loss of crystal outline. 
The porphyry, as a whole, has been intensely fractured and, shows 
strong alteration and oxidation throughout.

The shales in the mine occur in an intrusive breccia, which has 
been fractured and thoroughly oxidized (Figure 12*, p. 39)# The end 
results of the alteration of the breccia are a mixture of sericite and 
clay from the porphyry and oxidation of the shale. The rock crumbles

JT'readily when handled. Adjacent to the mine, in surface outcrops, the 
shales have been baked, forming outcrops.

Supergene Enrichment
Secondary enrichment has been an important factor in the produc

tion of gold from the mines in the Breckenridge district. Lovering 
(193U, p. 28) stated that most of the native gold and some of the galena 
were secondarily enriched, but that most of the galena and all the 
sphalerite was primary. Lovering further stated that the gold ores bear 
a positive relationship to the surface compatible with their secondary 
origin. Gold veins have not been found in the bottoms of the valleys, 
but are confined to the tops of the hills, which are remnants of an 
old Tertiary erosion surface. The rich gold ores have been found thus 
far only in oxidized zones to a depth of 350 feet from the surface.

Emmons (1917, p. 81-83)(1910, p. 205-220) lists criteria for in-
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dicating secondary enrichment and some of these criteria may be used 
as guides in this area* In outline form the criteria are listed be
low*

1* Ores are enriched by the removal of valueless material 
and the subtraction and reduction of the mass*
A. Porous —  pores represent removed material.
B. Ores grade downward into low grade ore or protore,
C. The ore shows an evident relation to a present or

former surface and usually to the ground water 
table.

D. Enrichment is usually thicker under a hill top, 
due to the lower ground water table.

E. The ore is concentrated at the surface due to the
non-solubility of the metals, but may be removed 
by erosion to placers.

F. The minerals present are the end products of weather
ing, Fe20 ,̂ clays, AI2O3, MnC^, Fe^O^, Cr203, Au,
Sn02, and monazite.

2. Ore is enriched by the addition, precipitation, or sub
stitution of certain metals.
A. Pores are present in the oxidation zone,
B. At the surface is a leached zone which grades down

ward into high grade sulfide and then primary ore.
C. Secondary zones are related to the topography and to 

the water table at the time of formation.
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D. The metals which are concentrated are readily solu
ble. . Barren gossans are at the top.

E. Characteristic minerals of each zone are found.
F. Texture —  minerals form in the cracks or along 

cleavages or earlier ore.
G* The downward extent of secondary ores show a rela

tionship to the permeability of the primary ores and 
their composition.

H. Secondary ores will not contain elements not found 
in the primary ores, country rock, air, or surface 
waters.

One of the hindrances to a complete study of enrichment in the 
Jessie area is the shallowness of the mine workings. No mining has 
been attempted below the zone of oxidation. The Jessie Mine, the 
deepest in the area, has penetrated to a depth of 350 feet. Data 
available to the writer is to a depth of about 200 feet, the level of 
the Glenwood tunnel.

A comparison can be made between the Glenwood adit, at zero datum, 
and the Seminole open stope, at 120 feet (Plate 1). From visual in
spection of the mineralized veins and geochemical studies, there was 
no indication of enrichment of lead, zinc, or copper with depth. The 
copper is just as strong in the soil above the Jessie mine at 190 feet 
above datura as it is at datura.

In accordance with EraraonTs criteria, there is an indication of en
richment in gold values by the removal of valueless material • This is
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shown especially well in the Seminole open stope , where the presence of 
pores and strong oxidation indicates the removal of pyrite. On the 
Glenwood tunnel level, although the veins are porous and strongly oxi
dized, the pyrite has not been as thoroughly removed as in the Seminole 
open stope. The major production of the Jessie Mine has come from above 
the Glenwood tunnel.

Another criterion, for supergene enrichment, is the concentration 
of gold near the surface, permitting the erosion of this material, 
thereby forming placers. All of the Pleistocene gravels and alluvium 
(older hillside wash), which are below the mine, are auriferous.

The uplift at the end of Miocene gave the region relief to permit 
the deep circulation of ground waters and oxygen. During late Plio
cene the climate became arid (Ransorae, 1911); thi3 condition was ideal 
for the enrichment of the goldj during the Pleistocene the gold was con
centrated into placers.

Cashier Mine
The Cashier Mine (Plate 1) is located three-quarters of a mile 

south from the Swan River on the east side of Browns Gulch. It was dis
covered in the early 1880*s and was operated until 1908. The total pro
duction has been estimated between $200,000 and $500,000.

No workings were accessible for examination. The mining method em
ployed was caving into an open stope. The structure is a duplicate of 
the open stopes of the Jessie Mine, two and three quarters miles to the 
west.
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The ore body is in a stockworks structure in the quartz raonzonite 
porphyry. The mine produced low-grade gold accompanied by galena, 
sphalerite, pyrite, and silver. Some wire gold was found embedded in 
galena and sphalerite (Ransome, 1911, p. ll*9). All the production has 
been from the oxidation zone,

Hamilton Mine
The Hamilton Mine at the head of Summit Gulch, was in production 

at the time of Ransome1s visit in 1908. It was inaccessible to the 
writer. The mine first produced in 1893 and was probably shut down by 
1910. The total production was about $1*00,000.

The mineral assemblage is the same as in the Jessie and Cashier 
Mines. The veins run generally east-west in the quartz monzonite por
phyry, which shows sericitic alteration and incipient oxidation. Some 
blocks of shale have been assimulated into the porphyry (Ransome, 1911, 
p. 11*8-11*9).

Royal Tiger Mine
The Royal Tiger Mine is also called the I.X.L. Mine and is located 

opposite the town of Tiger, Work began on the mine in 1881 and ceased 
in 1898. The great extent of its dump indicates a sizeable production, 
but the dollar value is unknown.

Although many of the workings are in the highly fractured quartz 
raonzonite porphyry, the ore zones are in large bodies of fractured 
quartzite (Ransome, 1911). Shales are also present in the porphyry.
The ores are probably the same as the other mines in the Jessie area,
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and dump samples give the implication that the mine is in an intrusive 
breccia-type structure.

Geochemistry of the Jessie Area
A geochemical survey was made of the Jessie area (Plate 6). This 

was a reconnaissance survey to determine the extent of base metal values 
in the soils above the quartz raonzonite stock, as compared to the values 
in the soils over known ore-bearing areas.

?Tom experimentation, the background or initial metal content of 
the porphyry is 25 parts per million (p.p.m.) zinc, 25 p.p.m. lead, and 
15 p.p.m. copper. The background value for the shales is about 8 times 
that of the porphyry. An experimental traverse was run over a known 
area (Plate 6). This was done on the porphyry ridge above the Jessie 
Mine. An 80-mesh sample was taken every 100 feet in the dark-brown soil 
horizon, which probably represented the nBfl zone. An nAg humus zone was 
sometimes present, which varied in thickness from zero to one-quarter 
inch, and was scraped away to obtain the desired sample. The samples 
were analyzed for lead, zinc, and copper, using a hot nitric acid di
gestion. Prom the analyses it was determined that the lead and zinc 
values were 8 to 10 times the normal metal content of the porphyry. 
Also, the low content of copper in the soil reflected its low grade in 
the mine (Plates 5 and 6). As shown on Plate 6 the results were erra
tic, reflecting the fracture system of the porphyry.

Prom this preliminary study above the Jessie Mine it was then pos
sible to traverse the porphyry stock and to interpret logically the re
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suits* The purpose of traversing the stock was to determine its base 
metal content and to compare the results with a known ore-bearing area, 
the Jessie Mine,

An 80-mesh sample was taken every 200 feet in the dark-brown soil 
horizon just below the humus zone* The porphyry was selected for 
sampling because it, and not the shale, contained the ore deposits.
The ridge lines were traversed for these reasons? they contained the 
porphyry; the valleys are in the shales, which lack economic deposits; 
the ridges are relatively flat, permitting soil accumulation; and they 
are situated above mining and prospecting which can contaminate the 
soil with- anomalous metal values.

One traverse was made on the ridge trending south between Galena 
and Summit Gulches, a second trending south along the west side of 
Galena Gulch, and a third, on the high ground above 10,750 feet, con
necting the other two* These traverses are shown on Plate 6.

The results of this geochemical study indicate a striking simi
larity between the entire stock and the porphyry along the Jessie Mine 
traverse* The values for lead and zinc were 8 times the normal metal 
value of the porphyry* The porphyry* s copper values, which were h 
times the normal metal content, were slightly higher than above the 
Jessie Mine* The erratic results throughout the stock suggest a 
fracture system that acted as channels for metallizing solutions. The 
north-south trending traverses have higher values than the east-west 
trending traverse* A maximum error of analysis for the three metals 
is approximately the same as their normal metal content or background
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value.
In conjunction with the geochemical analysis a pH survey was made 

on the streams issuing from the Jessie area (Plate 1). The results 
showed that all the streams were basic, pH 7.8 to 8.5. These results 
included readings in Gold Run Creek flowing across the base of the 
Jessie Mine dumps. All the other analyses were made in the streams 
flowing over shales. Upon additon of some stream sediment or shales, 
the pH dropped to 6.8 — * 7.0, indicating that the stream sediments and 
shales are very acidic. In the sediments high geochemical values were 
obtained, using the cold citrate field test for base metals. Upon en
tering the Swan River the water and sediments become neutral.
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C O N C L U S I O N S  A N D  R E C O M M E N D A T I O N S

After evaluating the structure, stratigraphy, and mineralogy of 
the Jessie Mine, the writer believes that further exploration would be 
more lucrative if concentrated in the remainder of the Jessie area*

The reasons for this conclusion are as follows:
1* the extremely low-grade gold assays ;
2* the very low-grade values of the base metals present;
3* the lack of a structural or geochemical pattern under

ground whereby there would be an indication leading 
toward new stopes;

li. the lack of continuity of veins;
5. the probable limited extent of the porphyry, as indi

cated by the shales dipping beneath the Jessie Mine;
6. the dominance of shale in the immediate vicinity of 

the mine, decreasing the odds of finding a new stope;
7* there is the possibility of finding a new stope by 

systematic drilling, but the expense and the limited 
extent of the porphyry would warrant looking elsewhere*

71.
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The writer wishes to emphasize the exploration possibilities in 
the rest of the Jessie area, especially in the area included in Plate 
6, for the following reasons:

1. There is a dominance of porphyry as opposed to shale. 
The areal extent of the exposed porphyry is one-half 
mile wide and 1 mile long,

2. The fracturing of the porphyry is indicated by thin 
sections, hand specimens, erratic geochemical results, 
oxidation, and hydrothermal alteration.

3. The interpretation is that the porphyry constitutes 
the stock from which the magmas and ores of the 
Jessie, Hamilton, Cashier, and Royal Tiger Mines 
were derived (Lovering, 1950).

k» The strong sericitic alteration of the rocks as shown
in thin sections, indicates that hydrothermal solutions
have permeated the rocks. Swartz (1950, p. 207) states:

"That it is safe to state the rule that in an 
igneous rock environment extensive hydrother
mal alteration is a good indication of the pos
sible occurrence of ore."

5. The fact that the quartz monzonite is a porphyry stock 
would be akin to Butler*s (1915, p* 101-122) apically 
truncated stock theory. From his study of the stocks 
in Utah, he noted that the apically truncated stocks, 
which were the least eroded, were porphyritie in tex
ture and contained the major production of the state.
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On the other hand, the medially truncated stocks were 
granitic in texture and have had most of their ore de
posits eroded.

6. The widespread oxidation in addition to indicating frac
turing, also implies supergene enrichment, as similarly 
noted in the Jessie Mine. The fact that this enrichment 
is related to the depth of the ground water table, which 
is always deepest under the higher hills, would imply 
the possibility of a deeper enrichment zone in this area 
as compared to the Jessie mine.

7. The fact that the soil above the intrusive has anomalous 
geochemical values would indicate metal content in the 
intrusive proper.

8. There is the implication of more copper in a direction 
towards the stock, as noted in the geochemical traverse.
This increase may mean nothing, since it is so slight.

In the porphyry no mining has been extended below 350 feet, from the 
surface, or elevation 9>600 feet. The lowest known elevation of veins in 
the Breckenridge district is 9>2$0 feet.

Future prospecting should emphasize the primary controls of ore depo
sition in the Jessie area. These controls are: a) a favorable host
rock, the quartz raonzonite porphyry, (2) a complex fracture system with 
an abundance of E.N.E. fissures, and (3) shale trapping conditions 
around the fringes of the porphyry with deposition probably attributed 
to chemical reaction with the shales.



T 839 74-

The supposition that primary gold occurs with the base metal sul
fides in the porphyry should not be stressed. Buddington has written 
a chapter in the nOre Deposits of the Western States" (p. 370-1) per
taining to kinds of igneous rocks and mineralization in which he states 
the following concerning quartz monzonite:

"In general, where quartz forms as much as 10 per cent 
or more of the intrusive mass, base-metal minerals may 
form the bulk of the associated mineral deposits and 
may carry important amounts of silver and gold.11

The porphyry in the Jessie area, as determined from the modal 
analysis, contains less than 10 per cent quartz and, therefore, probably 
implies that the porphyry and not the base metals may be the host for 
the gold.

With the consideration of the above facts, the writer believes the 
Jessie area warrants further study with the objective of possibly finding 
a major ore deposit at depth in the porphyry. Additional exploration 
would entail greater expense. The next step would be trenching to bed
rock to determine the continuity of the porphyry, the extent of the 
fracture system, and the mineralization present. Also, a bedrock geo
chemical study could be made to compare with the soil traverses. Ini
tially two trenches are recommended, one beginning at the northwest 
comer of Section 27 and trending north down the ridge line, and the 
other trending slightly south of west from the same point.
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