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INTRODUCT ZON

A contract was signed between the National Aeronaut1ca1 and Space
Administrat1on and the University of Utah on March 31, 1975, under which
the University agreed to evaluate the applicat1on_af LANDSAT imagery to
mineral eXploration in the Nevada-Utah Mineral Belt and the Colorado Mineral
Belt. The Colorado School of Mines subsequently was granted a sub-contract.
to assume the responsibility of the Colorado Mineral ée]t investigations.

. Ihese_studiee were.started.duiyel, 1975. :

.- The specific objective of this study was to establish methods and cri-
- teria for using LANDSAT multi-spectral scanner imagery as a practical and
productive toel for mineral exploration along the Colorado Mineral Belt.

The Colorado Mineral Belt includes a nbrtheast-soufhwést zone of major
Precambrian and Tertiary shearing and intrusive activity. It extends from
- the Jamestown mineral district on the northeast to the Rico district on
the southwest, a distance of approximately 300 miles. It ranges from 20
" to 50 miTes in width and includes most of the mining districts of the

state (see'fig.;T)f“ L N ST o .

The first sﬁep in the‘program was a detailed literature search to estab-
- 1ish a compreheﬁSive bibTidgraphy'of the Mineral Belt. References by min-
eral districts and by counties are given in Appendix A. Th1s was accompan-
jed hy a study of LANDSAT multi-spectral scanner imagery, the scale of
which is 1/1,000,000. No u-2 photography was ayailab]e, Low Tevel black
and white photos.of thé”Sifverton CaTdéra area'and.tﬁe'Idahb Springs-Central.

City d1str1ct also were evaluated in conJunct1on w1th "case-hIStory" studaes

R these two areas
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DESCRIPTION OF THE COLORADO MINERAL BELT

Introduction

" The COIOrédo.Minenai Belt io a tectonic zone which formed initially
in Precambrian time and which was rejuvenated during the Laramide orogeny.
© Most 311 of the major metallic mineral deposits of Colorado occur within
this’zoné. It extends diagonally across the State from Jamestown on the

| northeast to Rico on the southwest, a distance of over 300 miles. The

width of the Belt varies from 20 to 50 miles (figs. 1 and 2).

- Geologic Backdrop
| Precambrian metamorphic rocks and granites constitute the country

POCks-iﬁ'the northeast, central and Iocallyhin the southwest where the belt

crosses the deeply eroded portion of the Front Range, the Sawatch Range and _

the San Juan uplift. Mesozoic sedimentary rocks occur in the Middle Park
'region between the Front and Sawatch Ranges, whereos Paleozoic and Mesozoic
 sediments Withsahthiok cover of Tertiary'oolcanics prédominate in the San

Juan up11ft (f1g 2). ' N ‘_ |

Laramlde and m1d-Tert1ary 1gneous activity cons1st1ng of dtkes, 51115,

stocks and bathol1ths of 1ntermed1ate to acidic comp051t1on occur along the
-Colorado M1nera] Belt, reflect1ng mobxlazat1on of deeply bur1ed crustal
rocks in ‘the root zone of the Belt.

| In the centra1 and northern part of the M1nera1 Belt tectonism is reflec-

~ ted by (a) a strong northeast arcuate trend in the Precambrian metamorphics

“and granttes wh1ch probably formed when the crust was thin and somewhat

_— mobi!e. by (b) northwest-trend1ng faults includlng breccia reefs; they are

o parallel to the northwest trend1ng port:ons of the individual mountain arcs,
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by {c) north-northeast trending féults; these faults are essentially
parallel to the Precambrian foliation trends, and by (d) east-northeast
faults; they developed in the arcuate junctions where major foliation direc-
tion reversed trend very rapidly (Plate 4). These fault systems are
believed to have developed as thrusts or high angle reverse faults in the
Precambrian and were reactivated during the Laramide and Tertiary in part
as strike slip faults resulting from east-west directed stresses (Plate 4)1
‘Low angle, northerly-trending thrust faults were active along the flanks
_of the Front Range and Sawatch Range as tﬁese arches developed during the \
‘early Tertiary. | |

In the goﬁthwestern_part of the Mineral Belt deep-seated shearing
| related'fo faiiure within and along the fianks of the northwest-southeast
| ;rending Uncompahgre positive structural block appears to have been respon-
~ sible for the mobi]izatibn of the crust and the subseguent expulsion of
large volumes of intermediate to acidic volcanics and the emplacement of
ﬁumefous.underlying batholiths and stocks in the volcanic field. Failure
over the crest of a number of the intrusives has resulted in the caldera
fe;tqrés.of this extehsive volcanic pile which occupies approximately 25,000

5 . .

km". Theré.is a strong relationship in space and time during the Laramide

... and Tertiary between tectonic fabric along the Mineral Belt and igneous

- actiyity and'minefaiizationa Deep rooted channe1ways,are betieved to have
~developed at the corners of wedge-shaped Plocks in the northern part .of the
Mineral Belt (Plate 4). Mo!ybdénum porphyry intrusions such a§ the Urad-
-Hendérsnn;are located at sharp changes in trend in the foliation of the
Precambrian.rocks and with associated faulting (Plate 4). Mineralization
. in the San Juan volcanic field is clearly associated with late stage failure
* within and between the caldera centers (Plate 3).




Two periods of mineralization are evident along the Colorado Mineral
Belt: (a) precious and base metal vein and replacement deposits of Laramide
age occur in the central and northeastern part of the Belt, (b) mid-Tertiary
molybdenum porphyry deposits occur in the mid-portion of the Belt. The
precious and base metal vein and breccia pipe mineralization in the San

Juans also is mid-Tertiary in age.
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LINEAR STUDY

Because the location of mineral occurrences along the entire length
of the Colorado Mineral Belt is well docuﬁented an attempt was made by
Or. Trexler to relate visible linears to mineral deposits.
Procedhre

Topolinears were plotted on LANDSAT transparencies using a Bausch &
Lomb zoom stereoscope. Both LANDSAT 1 and 2 images of each scene which
contained any part of the area of interest were annotated. Tabie I lists
the frames used in this study. The photolinears were transferred from all
images to photographic enlargements (1:500,000 approximate) with a transfer

sCope and from the enlargements to AMs 2° topographic maps. A composite

._-nverlay was made ai 1:250,000 scale. This is shown in reduced form on

Plate 1 (scale 1:500,000 approximate). The locations of mineral occur-

rences were then plotted on the overlay (Plate 2). These locations were

. taken from USGS Prof. Paper 138, Plate I.

Interpretatwon of L1nears

H1th the exceptlon of ring structures associated with the caldera of

o the San Juan Mounta1ns. no apparent relat1on could be seen between the

| _ topolinears and mrneraI depos1ts

The geolog1c 51gn1f1cance of photol1nears was stud1ed us1ng all ava11-‘

| able geologic maps in order to detect any relat1on between 11nears and

- mineral occurrences. F1gure 3 is an explanat1on of symbols used on maps

=

Afor identxfied topolinears.

Only 48. or. about 0. 05%, of the Iinears were identified from the .

- fGeoIog1c Map of Colurado (sca]e 1: 500 000). As would be expected, a much
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Fig. 3. Expanation of symbols used on Plates 1 & 2, Fig, & - 11

o f

%
=
A

d d
—
¥
o

Faults and shear zones

. |

Joint control

Dip control

Foliation control
Lithologic contact

Dike or vein system

Ring fracture of cauldera
Edge of volcanié flow

Glaciated valley

Unidentified topolinear



q n A i N ? mi /f.\ (.‘\’
lL.ha_u_f km / f

d

—-— — f\f d
). X JAMESTOWN
d .
N T X Xy X
¢ f amememf  Faults and shear zones X
—‘! Joint gontra! X X X X X X
= Dipconwot I T e——— X X X
i ~—  Foliation control \ \ —
b _ === Litholagic contact \ ' e X
~ —n Dik" of vain Systam \ X X ’d/—— o ) /f X x
—e— Ring fracture of cauldara . d
3 —¥—  Edge of vaicanic flow X X X X . \/f
E __C_;_ Glaciated vatley R e et / f__..-—-
4 .- Unidentified tapofinear ~ @ X - f f f \
4 Mingral deposit | X !;/ \f f
-~ f s
j l f f\ f\
d .
b . y /I \f f !
| / aX N Y

L] dvio
f
. f
] | 'L / . / X ! ! f/
T l — d X fyrs. X
/ / — —~ Xx'y';-(.\‘ S
l BERTHOUD PASS —— / -~ X X />< X XOBLACK i}A.WK
= Xx Xx o! TN —xf e XOCEN'THAL crry
); xx 8, X S o |
;} xg\’b(cs G . X Iy X% 8 Xx\X'\fd
. X% “"""fllx X X X 1DAHO SPRINGS
XX X XXy X /°r
l% @ xfr X X Xfx/x/
G X X d)( o xX X e T=—
! —_—— GEORGETOy/
i v X
X e yd e
{ /f ;

{

Figure 4. — Mining districts: (1)} Jamastown-Gold Hill, (2} Caribou-Nederland, (3) Black Hawk-Central City-
Idaho Springs — Georgetown.




N | '
f S X X
~ I/f. o .

- xx -8-

_ oo T g e
e ~ | FRISCO MONTEZUMA X x K ' ;X X
T SR
¥ .
'- //® I ;\xqu‘ X X
. x X X A ol
. « ‘ /
AN —_ x\.X % %/ ’ X AN
'/ T . : / X X, \ /
( X o\, /77 —
] " sRECKENRIDGE v I =
g ><\\?(/ f\ s N
\ -‘/ . ! X\X . —_——— » \ ‘/ ) f——— . f. Faults and shear zones
' \&/ —_— "/ \ L~ -—f Jr.!intcnntrul'
f g [N i ol
/f N : ? \x .f-__-ﬁf'\. - N N, = Litwologie comtaet
S /TN N
/ / ~ I I X ¢ \ i | ﬁ zdggazfvdcani:: Iro::
A A N L o T I & o
Py P Y o N . L. —r - nidentified topolingar
/ . “-x \x }\X X(‘x \ ' / ' K B V CX Minera dep’ositp
/ ¥ i 'XX)(_ - T S~o0ALMA | |
X ‘ \*--. ‘
! \o j\x f/ f = I
LEADVILLEO\XX’;(\— \\/ \.X I i..x‘___ |
X ‘
B _p_(\\y " XX /\ N —:AmPLAg
O it S
. f. ‘i::/f \ 0 B,
N Ny

_Figure 5. — Mining distriéts_: __ (-_4)_. Mpntgzu_rna-fBreckevnridg;e, (5} Kbkom_o-(;lima_x_'-l‘_e_adv'il!e_.__ o I_ .

SN

"




| e

Bz

iﬁm_mi

 drpemene)

| Sty _ ‘!% :'-.- l‘mﬂ

2

f s - Fauits wird shémr zones ‘
P Joint oentrel : Q
-é bip'untrnl )
w=dlls,  Follziien contret

s Lishelagic cantact ,
Ommngl Qi o7 v system /
-0 Ring fracture of cauldera ' / o (/
g Edge of valcanic flow , , I t

-—G—- Glaciated vallay

v Unidentifisd topolinear ’ / °nuCLI‘FF :
x Minarsl dapetit . / . « / .

G . /

N A N
_—-._!_ . _'x . T~
Y 2

~. {XCD
U — v
. /\-\//
N e —_
T — __‘_\../_/.\ .+ 'S\ . LEADVILLEO
_ / O .
P
I ! ] ) \x X x 7 / / N
L ,é T/ Vs |
: xxr : o S :
INDEPENDENCE FA-_'O "~ \,/ —_—
XX x \ \/ S
vl RO -

: Figures —Mlnmg districts: (6) Battle Mountain (Hd Cliff-Gilman), (7) 'Homes't:ake, (8) Iﬁdebendé'nce, .




| HOUREY SR MO

Z

I

L

l

= =

}

-

heed M

13

5

¢}

Fouits and shear zones
Joint control

Dip control

Foliation contro}

' Lithologic contee

Dike orvain dystem
Ring fracture of cauldera

Edge of volcanic flow
Glaciated valley
Uniidentified topolinear
Mingral deposit

o._h.l...l....l_llikm

B s o
' /
~

T T e e e N e




)4

Lo [ = ; __‘ ' f—f Faults and shear zones
: \ . \’/ / R —-ﬁ" . -# Joipteontral - 0
\ ] . e Bip control
—— Foliation control
Lithologis contact
Dike or vein system
- Ring'f'rnntur_a' of cauldar:u .
Edgo of volcanic flow
.- Glaciated vollay
- Unidentified topolinear
_ Mineral deposit

- BUENAVISTAG

O

__ _  ; {.)( X)\(g %mmm o
\@\ | _./ | //l

o Fugurea -Mmlng dlstrlcts (12) Wmfleld (13) Cottonwood (14) Tmcup (15) Pltkln Oth C:tv o

{16) St. Elmo: Chaik Creek, (1?I Garfield- Monarch




/
%

)5

~N
N |
| '\\ |

Faults.orid shesr 2ones )
Joint control . \ . T . R ) T~

Dip control v . e o o -
Folistion conwrol ~ -~ ) e B o
Lithalogle cantact ’ \ / = . : : :

Dike or.vein system. . U ) f .
. Ring frocture of couldera =~ - | o Lo .
‘Edgs of valeanic flaw ’ ( ) ’

Glocioted valley A § - Do o= ‘
Uhidentified topolinear ~ ~ T

.'M[ner'aid.ep_olit. , \ ' \\51/ . \\‘ ~.

“~ \ GUNNISON
o .-

-y

DML

o

4]

i ? TSI IR [ I 1 1]
ST ’ 5.
[ T S P I

© Figure' 9. — Area south of Gunnison. -




T == SR |

s ; ! .:H_in.'lia'ci.u'l‘_a"b'CB:Uidliﬂ. T
e | Giaciated vailay . -

Hoe X 2 h_ﬂ:l_nur._alﬁﬁlbdii_tf ST I e e e

f——f Faylts and shear zanes
gl - sint contial v
2. Dipcontral -
= Folistion contral
+ Lithologle contact . _ : .
. Omreisd Dike orveinsystem: . .. _ 1
T

Edge of volcaric fiow.

R unldemmud_tnpnlinaalj '

F-iggfe'.i(j:-;—-'l\nini‘ng.‘diStr'ic‘_'t:'-.H:B'): Creede. . .~ .

16



j\ GiOUNY R N

§ G S . X Xo X

g

J—mreaf Foults.andshesr zories i o b : . ;
—.ﬂ# Jointeonwe) T : /xf/)}; )\X * X x X
. --":- Dip-contral C ' /' / —_ ) ’
| o [Foliation contral ~ TELLURIDE < , ¢ X ® X
o mmIe= Lithologiccontoct . N . f )
Jesimeml - Dikg-of vain systsm . / T oG - §
=)— Ring fracture of cauldera .

: _‘E_ ‘Edge of volcanic fiow-
| e—— Glociated:valley, v
=== Unidentitied topolinear -

X Mingial.deposit

Y
w
=
=
a -
-
-3
|
=
3,
=)
wy
a.
=
e d
=
2
@
oy
©
—
[+
-~
[¢)
(9]
-y |
(@)
c
=
o -
=
@
=
[17]
pu
R
3
2
c
=
=R
o
-
‘N
e
o)
=3
o -

it e Imp e 3 gy s . sy - e - =




- higher percentage of linears were identified from larger scaled maps. As.
for exanpfe about 50% of the Vinears within the coverage of USGS 1:24,000
~quadranglevgeologic_maps could be:jdentified (Table III).

| Because large-scale geologic map coverage is limited, field checking
was,conducted in a number of areas of mineral occurrence in order to iden-
tify as many linears as possible and to see if these linears had any
direthreletiOnito mineral deposits. Figures 4 to 11 are large scale maps
(1:250,000) of the mineral districts with both 1dent1f1ed and unidentified
~Tinears shown. A brief d1scuss1on follows. ;
Figure 4 of the northern end of the mlneral be?t shows a htgh per-
;"centage of 1oent1f1ed 11nears. Most of these are north-northeast and :
northwest Precambr1an fractures. Northeast to east garly Tertiary}frac-_h

'Jtures"neredaTso identified.h'Thevnortheest:and'east tein"systeﬁnatJCentra1

~ City and Idaho Spr1ngs (F1g. 14) were not detected, nor were the early _
'::fﬁTert1any 1gneous stocks. Also the vein’ system could not be detected on ;

R P 60.000 a1rphotos o I o :__“_> o
F1gure 5 the mineral1zat1on at the Montezuma d1str1ct (4) is asso-

_ciated with an early Tert1ary stock wh1ch cou]d not be detected The east-_

- nest linear co1ncides with a known fault and parallels a strong set of

-east-west qo;nts.. The Kotomp,_c11max, and Leadville districts (5) are
a10n§ the trend'of the Mosquito fau]t. The numerOus si]]s; dikes, and
. stocks, which cou]d not be detected, control the Iocal1zat1on of ore min-
erals in Upper Paleozo1c sed1ments. 7 _ | 7

, Figure 6, the m1neral1zat1on at Red C]Iff and Gilman: (6) is assoC1ated L
uith sills and dikes in Paleozoxc sedtments (Fig. 13). A northeast joint
»’Qtrend was~tdent1f1ed Manera11zat1on in the. Homestake area (7) is assoc1ated

o ‘witha northeast trend1ng set of strong shear zones and para!lel joints

-
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{Fig. 13). These were also identified. A shear zone associated with
mineralization at Independence Pass (8) was not identified.

'-Figdre 7; a few north trending faults were the only linears annotated

in the vicinity of Aspen and Ashcroft (9). The Treasure Mountain uplift

~ (Early Tert1ary) near Marble (10) was annotated as a consp1cuous curvilin-

ear. M1nera11zataon along the upper Taylor River (11) seems to be related
to a consp1cuous northeast trend1ng set of joints. '
Figure 8; m1nera1izatxon at Winfield (12), Cottonwood Pass (13), and

St. Elmo (16) is associated w1th conspicuous north to north-northeast sets

of Joints. At Pltkin and 0h1o City (15) joint sets and a fault were

identified with northwest and northeast trends. On the southwest side of

the Garfield and Monarch districts (17) the dominant trend of foliation and

.-

F1gure 9. the northern part of th1s area is an old erosional surface

. cut in PrecambrIan rocks on which can. be detected numerous Joint sets

except on some stream divides where low dipping Mesozonc sediments and

- Tertiary, rolca'ni-c_s-_cap the older rocks. The curvilinear in the southeast
7corner is the Cochetopa caldera. The other curvilinears may also represent

o older r1ng structures. associated with cauldera.

- Figure lﬂ. ‘the curv1l1near south of the town of Creede is the Creede °

: cauldera ~Mineralization, however, 1s to the north at (18) where no topo-

linears were noted

Figurehlta two of“the*aﬁnotated'Curvilinéars'are known cauldera struc-

tures. These are the St1verton cauldera (central) and the Lake City caul-

. dera- (northeast corner) Mineralzzat1on is dom1nant1y a1ong northeast and-~

northwest vetns with some east-west veins south of Tellur1de (F1g 12)

%_”These vein 5¥Stems were not detected
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The only detectable linears that can have a bearing on ore deposits

and can be detected on LANDSAT imagery are those structural feéatures which

" are capable of geomorphic expression such as faults, joints, and some con-

tacts. Surficial features produced by volcanism and glacial erosion and
depbsitiﬂn were alsb visible. Vein §ystems in general are not reflected

in the ‘topography because of their réiative strong resistance.
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THE SILVERTON CALDERA - A CASE HISTORY'.

-vvlntroductienﬁ-

The San Juan Mountains which include the Silverton caldera, are lecated
" in the southwestern part of the Colorado Mineral Belt, They constitute a
great, composite volcanic field covering an area 100 miles by 150 miles in
which 18 calderas are known or are postulated (fig. 12);._The volcanic rocks
of this field consist of early stratovolcanos everlain by ash flow eruptions
" and pyroclastics. Calderas were'supefimpdéed‘as'fndiViduai'magma; zaved
eupnard toward the surface from an under]y1ng regional batho11th " This intru- |
' sive 1s identified by a sharp grav1ty Tow. The formation of the San Juan
'ivolcanic field extended in t1me from 35 m. y. to 20 m.y., but most of the vo]-r

' canism occurred prior to 26 m. y.

Voleanic Seguence

A thickness:of more than a mile of volcanic rocks rest on.afbasement.ofa
Pfeeambrian, Paleoeoic.and Mesozoic rocks. These volcanics consist of lava
_f1ew§;'breceias, tuffsbreCCiaS;-fuffs and*welded'ash—flow-tuffs which average
'rhyo-dacite - quartz Tatite in compos1tion, but range from andesitic basalt
ﬁ{to rhyol1te. There are many feeder d1kes and sills and 1rregu1ar1y shaped

porphyny 1ntru51ves w1th1n the volcan1c p1le -

Structura1 Fabr1c of the Reg1on

. The dom1nant structural pattern of the San Juan Mounta1ns 1ncludes
circular caldera centers and 1nter-connect1ng graben. “These are 1nd1cated
—on intermediate . level photography. of 1/80 000 scale.- In add1t1on, both -

5 radial and concentric fault1ng form a strong structural fabr1c w1th1n and out-

_ -ward from each caldera center, . o o oo
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Silverton Caldera

The Silverton caldera, located on the western side of the San Juan
voltauie.ffeld. serves as one of two case histories for this study. It is
about 10 miles in diameter and is situated within the western half of the
San Juan volcanic depression which is about 15 miles wide and 30 miles long
{Plate ?). The volcanic and basement rocks of this caldera are broken by

systems of radial and concentric fractures, and the rocks within and adjacent

 to the caldera are broken, tilted and irregularly faulted. This widespread

rock failure developed access for hydrothermal solutions which permeated the
fault systems to cause profound rock alteration and se]ective mineralization
in the area. _

- Widespread propyTitic rock alterationIOCEurred throughout the Silver-

ton caldera region during the late stages of volcanism as a result of fluids

" and gases moving outward from the underlying magma chamber and mixing with

. meteoric waters. The near surface rocks were altered to chlorite, calcite

and clays;IWHereas deeper epidote, albite, and chlorite are the predominant
alteration minerals. As a consequence, the rocks of the Silverton caldera

region have been well bleached to white, tan and Tight gray with superimposed

iron ox1de sta1n1ng in specific mineralized centers to brown, yellow, orange

" and red. The latter are readily identifiable on Tow level color photography.

Strong, late alteratwon by su!fur enriched f1u1ds a]so developed

| around the per1pheny of the S11verton caIdera, along local faulted blocks
and related p1pe 11ke bodies of brecc1a and intrusive rocks -This type of
| -alteration also has been effective. near some of the channe]ways through which
E_these_su]fqregnrxched fluids passed. The adjacent rocks have been strongly
'leeehed or silieiffed and kaolinized and permeated with both sulphates and

__SQIfidesg They are wetl_bIeached and-subSEQuently'stainéd’by’s&rface-bxida--
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tion of pyrite. This sulfotaric alteration usually is restricted in nature

| and can be identified, in some instances. on low tevel photography.

Mineralization in the Silverton caldera area is of two types: (a) vein
systems and (b) chimney or breccia pipe depasits. The former occur in exten-
sive systems of open fissures and along major faults and splits. The latter
are found in solfateric centers along the margins of the Silverton caldera.
The ore ‘occurs as shoots within the veins and as a matrix of the breccias
within the chimneys. Some of the major veins can be identified on low and

intermediate photographs.

Application of Imagery
 The overall features of the Silverton caldera are identifiable on
LANDSAT imagery. Semi-detailed caldera features and associated fault systems

are evident on intermediate level photography. Individual faults are appar-

~ent on iow level photography, some of which are known to be mineralized, but

. minefalization itée1f and hydrothermal alteration halos related to mineral-

ization are not recognizable.
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IDAHO SPRINGS - CENTRAL CITY AREA

Introduotion '

The Idaho Springs-Central City area in the northern part of the -
‘Colorado Mineral Belt is the second case history selected for thiS'prOjeot;'
This area lies about 30 miles west of Denver along the southern edge of the
Mineral -Belt on the east slope of the Front Range. It has yielded'an eStié;
mated 170 m1111on dollars worth of gold, silver, base metaIS, and uranium
| since 1859. - |

Geologic Summary -

Precambrian crystalline rocks, constitutjng'the core of the Front

'Range are the host rocks offthe_ldaho;Springs—Centra]-City-areae 'They_eons.
sist of an interIayered and'generaITy'chfOrmahle succession of gneissic,
“granitic and pegmatitic suiteS‘deriVed initially from a sedimentary sequence,
~ Nine different types of porphyritic intrusive rocks'of Early Tertiary age
cut across the Precambrian rocks 1nc1ud1ng leucocratic granodsor1te porphyry, -
quartz monzon1te porphyry, and bostonxte porphyries,

The gneissic rocks were folded'during Precambrian time to develop broad -
north-northeast trend1ng maJor folds which form the fundamental fabric of the
area. They plunge gently to the northeast and southwest Some conta1n N

s111ceous brecc1as A late Precambr1an deformat1on formed northwest and

. north-northeast faults Locally they form a c]osely spaced network part1c- o

ularly in the Central C1ty d1str1ct Near the end of the Early Eocene "_ .
'higneous act1v1ty a th1rd system of faults developed Three ma1n trends.pre-v
’hdominate" northeast. east northeast, and east (f1g 13) L
| The ore base metal deposits of the area cons1st of veins and stockworksxj

_ resulting from ’11!ing of open spaces along faults and h1ghly fractured zones.
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The veins range from 1 to 3 feet in width and vary from well -defined,

single fissures to complex, mineralized fractured zones. An extensively
shattered, pipe-like body in the Ceptral City district consisting of closely
spaced, mineralized fractures, has-been mined for its high gold content.

This stockwork appears to have been formed by explosive activity.

Hydrothermal alteration adjacent to the veins is strong, but restricted

to appréiimately the width of the vein on either side of the structure.
Sericitization lies in an inner zone whereas propylitization has developed

in an outer zone and grades outward into fresh rock. The hydrothermal

fluids responsible for both the alteration of the wall rocksland the miner-
alization of the veins are bglieved to have been generatéd from aﬁ underlying
magma body. Shallow intruéivés,-faulting,'aiteration andminehﬁ]ization

appear to be hood zone phenomena above the proposed magma body.

Application of Photography (Remote Sensing Technology)

.Néithen_intermediate nor low level photography are effective in locat-
'ing new veins or stockworks in the Idaho Springs-Central City area because

- of lack of surface expression and heavy vegetation and overburden.
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CONCLUSTONS

1. LANDSAT imagery'can cover large areas quickly and inexpensively, and
there are some surface features in any g1ven reg1on that are genera1 indi-
‘cators of p0551ble m1neral1zat1on. '

2. Lineament analysis of the less known geologic portions of the
'cojosaao Mineral Belt on LANDSAT, intermediate and low Tevel photography in
conjunction with remote sensing techn1ques and ground geolog1c mapptng may
point to additional mineral target areas. ' |

3. 0rbita1 photography by itself is not cons1dered adequate to ful-
| f111 explorat1on needs. It is useful in reduc1ng the size of an explorat1on
- area, but 11ke other remote sens1ng techn1ques, 1t 1s an appl1cable tool
: only when used in conJunct1on with deta1]ed f1e1d work 7

4. L1near structures are extractable from LANDSAI 1magery

7 5. Areas where orb1ta1 photography would be most usefu1 in the search ”
tfor m1nera1 depos1ts 1nc1ude desert mounta1ns ar snow-free a]pine mounta1ns.

6. Areas extens1ve1y covered by soil, vegetat1on, clouds, or snow,

- no matter how favorable, are_jpcapable of being evaluated.
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Table I,  LANDSAT Imagery Used

Northern Front Range area

LANDSAT - 1 -
1172-17135
1190-17140
'1550-17100

LANDSAT - 2 |

2186-17015
 2168-17022

' vSouthern Front Range area_

LANDSAT = 1
CA172-17141
119017143

1153-17143
~ LANDSAT -2 .
2186-17022

© 2276-17011

San ILuis Valley area
 LANDSAT - 1.
. 1550-17105
1172-17144
LANDSAT = 2
2276-17013
- 2186-17024

©  North Park area o
 LANDSAT -1 .
1515-17165
o Lss1-1718h
1191417195
1461-17172
o 129917200
e IANDSAT - 2
o 218?-1707& 

Aspen-Gunnison area

- LANDSAT - 1
155117161

1515-17171

+1407-17190
1461-17174

129917203

LANDSAT =~ 2
 2259-17070

San Juan Mountains area

~ LANDSAT - 1

155117163

 ttsiireoh

OPICEUIE

1425-17190

o 1299~ 17205_
LANDSAT -2

2259‘17073'

Graﬁd Junction area

~ LANDSAT - 1

1516-17225

L 1156-17260
o 1b62-17233
TLANDSAT - 2




A1)

- (2)
(3)
(%)
(5)

- (6)
(7)
(8)

- (9)

- (10)
- (11)

(12)
L 13)
o (ak)

. {15)
- (16)
(17)

- (18)

- (19)

(20).

‘Tincup

- Table II., Key to Mining Districts

Jamestéwn—ﬂélﬁ“Hi11=
Caribou-Nederland

Black Hawk-Central Clty-Idaho Sprlngs-Georgetcwn'

Montezuma-Breckenrldge 7
Kokomo-Climax-Leadville

Battle Mountain (Red Cliff,- Gilman)“ "

Homestake _
Independence -
Aspen-Ashcroft-Snowmass
Marble

Taylor River -
Wiﬁfie1d '

Cottonwood

Pitkin-Ohio City

St. Elmo-Chalk Creek
Garfleld-Monarch '
Creede

Eake C1ty—Ouray-SllvertoneTellurlde R

Rlco



- Table III, Geologic maps used in the identification -

of topolinears

USGS 6Q Series
152 Quray
267 Central City
291 Ironton
‘443 Berthoud Pass
504 Tellurlde T
512 Marble F
536 Dolores Peak
578 Oh-Be-Joyful |
631 Bristol Head -
- 788 Mareon Bells =~
797 Rico
833 Nederland = . .. .
853 Snowmass Mountaln'  o
863 Hayden Peak '
932 Highland Peak’
933 Aspen .
978 Tungsten
1004 Ruedi o
1011 Wetterhorn
. 1052 Spar City
1053 Creede
1177 Rudolph Hlll
. .1178 Powderhorn
©. 1248 Black Hawk
o 1277 Ward . .
B ’F :51287 Houston Gulch

i USGS MF Serles o
' 176 Gray Head o

960 Leadville
761 Montrose

USGS I Series

. '764 Durango
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do, Cohorado Sci. Soc. Proc., vol. 13, no. 4.

s 1935, Relations of hydrothermic alternation of porphyries to ore
deposition in the Alma District, Colorado, Economic Geology, vol. 30, no. 5.

Singewald, Q. D., and Butler, B. S., 1930, Preliminary geologic map of the Alma
mining district, Colorado, Colorado Sci. Soc. Proc., vol. 12, no. 9.

» 1936, Structure and mineralization along the London Fauit, Colorado,
AIME, Tech. Pub. no. 754,

s 1941, Ore deposits in the vicinity of the London Fault of Colorado,
USGS Bulletin 911. .



ASPEN DISTRICT
Vanderwilt, J. W., 1935, Revision of structure and stratigraphy of the Aspen
D_i.strict:, Colorado, Economic Geology, vol. 30, no. 3.

Volin, M. E., and Hilo, J. H., 1950, Investigation of Smuggler lead-zinc mine
Aspen, Pitkin Co., Colorado, USEM Report Invest:. 4696, ‘



BLUE RIVER DISTRICT

Singewald} Q. D., 1951, Geology and ore deposits of the upper Blue River area,
Sumit :County, Colorado, USGS Bull. 970.



BONANZA DISTRICT

s 1929, A collapsed dome in the Bonanza mine district, Colorado,
Washington Acad. Seci. J., vol. 19, no, 13.

Burbank, W. S., 1932, Geology and ore deposits of the Bonanza mining district,
USGS Prof. Paper 169. i _

Pattoﬁ, H. B., 1915, Geology and ore deposits of the Bomanza district, Saguache
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BRECKENRIDGE DISTRICT

Lovering, J. S., 1934, Geology and ore deposits of the Breckenridge mining
district, Calorado, USGS Prof. paper 176.



BRUSH CREEK DISTRICT

Gabelman, J. W., 1950, Geology of the Fulford and Brush Creek mining districts,
Eagle County, Colorado, Mining Yearbook (Colo. Mining Assoc.).



CALUMET DISTRICT
Rainwater, E. H., 1934, Geology and ore deposits of the Calumet district,
Colorado, Geological Soc. Am. Proc. For. 1933.,

s, et al., 1936, Contact ore depositiom at th.e Calumet iron mine,
Colorado, Economic Geology, wvol. 31, no. 8.



CARIBOU DISTRICT
King, R. U., 1952, Vein deposits of uranium at the Caribou mine, Boulder Co.,
Colorado, USGS Tem-13A.,

Moore, F. B., 1952, Pitchblende deposit at the Caribou mine, Boulder County,
Colorado, GSA Bulletin, vol. 63, no. 12.

s 1957, Geology and uranium deﬁosits of the Caribou aréa, Boulder
" County, Colorado, USGS Bull. n030-N.

Ridland, G. C., 1949, Development and geology at the Caribou mine, Mining Year-
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". CEBOLLA DISTRICT
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drilling sample data from the Cebolla Creek tetaniferous iron deposits,
Gunnison County, Colorado, USBM Report Invest. 5679.
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Moore, F. B., and Butler, C. R., 1952, Pitchblende deposits at the Wood and Cal~-
houn Mines, Central City mining distriect, Gelpin Co., Colorado, USGS Circ. 186.

Pitchblende deposits of the Central City district and the adjoining areas,
" Gilpin and Clear Creek Counties, 1956 International Conference on peaceful
uses of atomic energy, vol. 6.
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» and Glass, J. J., 1937, Deposits of radioactive cerite near James~
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CLIMAX DISTRICT
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Vanderwilt, J. W., 1933, The molybdenum deposit at Climax, 16th Internat. Geologic.
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s 1955, Hydrothermal alteration at the Climax molybdenum deposgit,
Mining Eng., vol. 7, no. 1.

» and Butler, B. S., 1933, The Climax molybdenum deposit of Colorado,
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CREEDE DISTRICT
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USGS Bulletin 718.
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CRIPPLE CREEK DISTRICT
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Colorado and its practical significance, Colo. Min. Assoc. Special Pub., 1941.

: Knschmann, A._H., Structurai control of gold deposits of the Cripple Creek District,

s and Loughlin, G. F., Geology and ore deposits_of the Cripple Creek
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'Lindgren, W. and Ransome, F. L., Geology and gold deposits of the Cripple Creek
district, Colo., USGS Prof. Paper 54, 1906
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Thurston, William R., Regmatites of the Crystal Mountain district,
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EMPIRE DISTRICT
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EUREKA DISTRICT
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GIIMAN DISTRICT
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Malan, R.1C., 1959, Geology and uranium deposits of the Marshall Pass District,
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MINERAL POINT DISTRICT
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Uncompahgre and Mineral Point districts, Ouray and San Juan Counties, Colo.,
USEM Report Invest. 4508.



MONARCH DISTRICT

Crawford, R. D., 1909, Preliminary report on the geolégy of Monarch mining
district, Chaffee County, Colorado, Colorado Geologic Survey, no. 1.

.» 1913, Geology and ore deposits of the Monarch and Tomichi districts,
Colorado, Colorado Geol. Sur., no. 4.

Gabelman, J. W., 1950, Structural control of limestone alteration in the
Monarch mining distriet, Colorado, GSA Bulletin, vol. 61, mo. 12.

Hazen, S5. W., Jr., 1956, Exploration for lead and zinc at the Madonna mine,
Monarch mining district, Chaffee County, Colorado, USBM Repert Invest.
5218.
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Patton, H. B., 1918, The Montezuma mining district, Summit County, Colorado,
Colorado Geologic Survey, no. 18.



NORTHGATE DISTRICT

Steven, T. A., 1950, Age and structural control of the flourspar deposits in the
Northgate District, Colorado, GSA Bulletin, vol. 61, no. 12.



OURAY. DISTRICT

Burbank, W. S., Revision of geologic structure and stratigraphy in the
Quray district of Colorado and its bearing on ore deposits, Colo.
Sei. Soc. Proc. 12(6), 1930. :

Moehlman, R. S., Ore deposition south of Ouray, COIQardo, Part 'II, Econ.
Geo. 31(4,5), 1936.



PLACERVILLE DISTRICT
Hatt, John C., Petrology of two clastic dikes from the Placerville district,
Colo., Am. J. Sci. 242(4), April, 1944.

'Eiachér, R. P., and others, Vanadium deposits near Placerville, San Miguel Co.,
Colorado, Colo. Sci. Soe. Pr., vol. 5, no. 3, 1947.



PLATORD=-SUMMITVILLE DISTRICT

Patton, H. B., 1917, Geology and ore deposits of the Platord-Summitville
mining district, Colorado, Colo. Geological Sur. 13.
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Hazen, S. W., Jr., 1949, Pb-Zn in Poughkeepsie district and part of the upper
Uncompahgre and Mineral Point districts, OQuray and San Juan Counties,
Colorado, USBM Report Invest. 4508.



POWDERHORN DISTRICT

Olson, J. C., and Wallace, 3. R., 1956, Thorium and rare earth minerals
in the Powderhorn district, Gunnison County, Colorado, USGS Bull. 1027-0.



QUARTZ CREEK DISTRICT

Staatz, MT H., and Trites, A. F., 1957, Geology of the Quartz Creek pegmatite
district, Gunnison Coumty, Colorado, USGS Prof. Paper 265.
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RED CLIFF DISTRICT
Crawfotd,‘R. D., and Gibson, R., Geology and ore deposits of the Red Cliff
District, Colo., Colo. Geo. Survey, Bull 30, 1925.

Means, R., Geology and ore deposits of Red Cliff, Colo., Econ. Geo., v. 10,
1915.



RED MOUNTAIN DISTRICT

Rurbank, W, S., Structural control or ore deposition in the Red Mountain,
Sneffels, and Telluride districts of the San Juan Mountains, Colo., Colo.
Sci. Soc. Proc., v. 14, no. 5., 1941,

Coilins, George E., Localization of ore bodies at Rico and Red Mtn. Colo.
as conditioned by geologic structure and history, Colo. Sci. Soc. Proc.
12(12), 1931. *




RICO DISTRICT

Collins, €. E., Localization of ore bodies at Rico and Red Mtn., Colo, as

conditioned by geologic structure and history, Colo. Sci. Soc. Proc. 12(12),

1931. . |

Cross;‘ﬁ; and Ransome, F. L., Rico Folio, USGS Geologic Folio, 130, 1905,
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SILVERTON DISTRICT

Cross, W.} et al., Silverton folio, Geological Folio 120, 1905.

Varnes, David J., Geology and ore deposits of the south Silverton mining area,

San Juan Co., Colo., USGS Prof. Pap. 378-A, 1963.



SLICK ROCK DISTRICT

Shawe, D. R., Geology and uranium-vanadium deposits of the Slick Rock district,
San Miguel and Dolores Co., Colo., Inter. Conf. Peace, Uses At. Energy,
2nd Geneva Proceeding, v. 2, 1958.: '

Shaw, D. R., Heavy minerals as guides to uranium-vanadium ore deposits in
the Slick Rock district, Cold., also Howard E. Bowers, USGS Bull, 1167-B,

1961, :



SNEFFELS DISTRICT

Burbank, W. 8., Structural control of ore deposition in the Red Mtn., Sneffels,
and Telluride districts of the San Juan Mtns., Colo., Colo. Sci. Soc.
Pro., v. 14, no. 5, 1941.



SUMMITVILLE DISTRICT

Geology and ore deposits of the Platoro-Summitville mining

Patton, Hy B.,
Geological Survey, Bull. 13, 1917.

district, Colo., Qolo.

d ore deposité of the Summitville diétrict,"

Steven, Thomas A., Geology an
Pap. 343, 1960.

San Juan Mtns., Colo., USGS Prof.
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T R priad Fosrtrimis’

N artii Ymprimteed Fovoseriwmd

L




TELLURIDE DISTRICT

_ Bu:bank, W. 8., Structural control of ore deposition in the Red. Mtn., Sneffels,

and Yelluride districts of the San Juan Mtsn., Colo., Colo. Sci. Soc.
Proc., v. 14, no. 5, 1941.

" Vhay, J. 8., Geology and mineral deposits of the area south of Telluride,

' Colo., USGS Bull. 1112-G, 1962.
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TEN MILE DISTRICT
_ ]
Ermons, S. F., Ten Mile district folio, USGS Geologic Folio 48, 1898.




1J +  TINCUP DISTRICT
[ﬁ Gaddard, E. N., 1936, The geology and ore deposits of the Tincup mining district,

Gunnifson County, Colorado, Colorado Sci. Soe. Proc., vol. 13, no. 10.
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TOMICHI DISTRICT

Crawford, R. D., 1913, Geology and ore deposits of the Monarch and Tomichi
districts, Colo., Colo. Geol. Sur. 4.




TUNGSTEN DISTRICT
Kitk; C. T., 1916, Tungsten district of Boulder County, Colorado, Mining and
Science Press, vol. 112, no. 22.

Lovering, T. S., and Tweto, 0., 1953, Geology and ore deposits of the Boulder
"~ County Tungsten district, Colorado, USGS Prof. Paper 245.



TWIN LAKES DISTRICT

Rowell, J. V., 1919, Twin Lakes district of Colorado, Colo. Geol, Sur. 17.



UNCOMPAHGRE DISTRICT

Burbank, W. S., 1940, Structural control of ore deposition in the Uncompahgre
district, Ouray County, Colorado, USGS Bull. 906-E. :

Fisher,'R. P., Luedke, P. G., Sheridan, M. J., and Raabe, R. G., 1968,
Mineral resources of the Uncompahgre primitive area, Colo., GSB, 1261-C.

Bazen, S. W., Jr., 1949, Lead-zinc-silver in the Poughkeepsie district and
part of the upper Uncompahgre and Mineral Point district, Ouray and San
Juan Counties, Colorado, USBM Report Invest. 4508,

Kelly, V. C., 1966, Geology, ore deposits, and mines of the MInmeral Point,

Poughkeepsie, and upper Uncompahgre districts, Ouray, San Juan, and Hinsdale
Counties, Colorado, Colorado Sci. Soc. Proc., vol. 14, no. 7.



URAVAN DISTRICT

Boardman, ,R. L., Sedimentary features of upper sandstone lenses of the salt
wash member and their relation to uranium-vanadium deposits in the Uravan
district, Montrose County, Colo., International Conf. Peace Uses of At.
Energy Gen., V. G., 1956.

Botinelly, T., and Weeks, A., Mineralogic classification of uranium-vanadium
deposits of the Colorado Plateau, USGS Bull. 1074-A, 1957.

Fischer, R. P., Geology of the Uravan mineral belt, USGS Bull. 988-A, 1952,

Fischer, R. P., and Hilpert, L. S., Geology of the Uravan mineral district,
USGS Bull. 988-A, 1952,

Heyl, A. V., Zoning of the Bitter Creek vanadium-uranium deposit near Uravan,
Colo., USGS Bull 1042-F, 1957.

Wood, H. A., and Lekas, M, A., Uranium deposits of the Uravan mineral belt,
Intermountain Assoc. of Pet. Geologists, 9th Ann. Conf., pp. 208-215,
1958.



WARD DISTRICT

Wahlstrom; E. E., The age relations of the Ward ores, Boulder County,
Colorado, Econ. Geo. 31(1), 1936.

Walker, Stanley M., Ore Deposition in the Columbia and Dew Drop vein
systems, Ward district, Boulder County, Colorade, Engineers
Bull. (Colo. Soc. Eng.) 10(6,7), 1935. :
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WESTON PASS DISTRICT

Behre, C. H., The Weston Pass mining district, Lake and Park Counties, Colo.,
Colo. Sci. Soc. Proc., v. 13, no. 3.
)



WHITEPINE DISTRICT

farder, E. C., The Taylor Peak and Whitepine iron ore deposits, Colo., USGS
Bul. 38C, 1909.
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