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GRANNY
A data bank of chemical analyses of Laramide and younger
high=-silica rhyolites and granjtes from Colorado

and north—-central New Mexico

Celia He Stetgerwald, felix E. Mutschler, and Steve Ludington

ABSTRACT

- ap > on on o

GRANNY §is a data bank containing 1{information on 507
chemically analyzed Laramide or younger high-silica
rhyoltites and granites from Colorado and north-central New
Mexicoe. The data were compited from both published and
unpublished sources. The data bank is designed to aid in
the recognition of igneous rocks with a high exploration
potential for the discovery of molybdenuwm (and other
tithophile element) deposits. Information on source
reference, geographic Llocation, age, mineralogic and
petrotogic characteristics,s major constituent analyses, and
trace element analyses for each sample are given. The data
bank §s available in two formats: (1) paper- or microfiche-
hardcopy, and (2) fixed format computer readable magnetic
tape.



INTRODUCTION

GRANNY is a computer-readable data bank consisting of
descriptive and chemical data for 507 rock specimens for
which major constituent <chemical analyses are avaflable.
The analyses were largelty compiled from publtished works and
theses, avattabte either on microfilm or through dinter-
library toan services. Several <colleagues made unpublished
chemical analyses avatlable to us, and these, together with
our own unpubltished analyses, were also included in the data
banke

The three 1/ granite (or Climax-type) molybdenite
deposits which are currently being mined in the United
States occur within the area of our compflation. The source
rocks for these deposits are high-silica Low~- <calcium
rhyolites and granites (Mutschler and others, 1981;: white
and others, 1981). OQur compilation began as an attempt to
assemblte all the available petrochemical data for these
depositsy and for the many granite molybdenite system
prospects in Colorado. We then decided to broaden the data
bank to inctude all Laramide and younger high-silica
rhyolites and granites 1in Colorado for which chemical data
were avatlable, Qur afm was to produce a data bank that
would help in the development of “chemical fingerprints® for
the recognition of high-silica rhyolites and granites with a
high expltoration potential for the discovery of Mo (and
other Lithophite elements such as Be, Sn, U, and W) deposits
in Coloradoe.

For inclusion in the data bank we have defined high-
silica rhyolites and granites as those dgneous rocks
containing at least 70.0 weight percent Si02. We have also
included 33 analyses with less than 70.0 weight percent S102
where those analyses represent rocks which are clearty
related to granite molybdenite deposits or prospects.

we have tried to structure GRANNY so that it can be
fnterfaced with other petrochemical data banks such as CLAIR
(Le Maitre, 1973), 1GBA (Chayes and Mutschler, 1978), PETROS
(Mutschler and others, 1981), and RASS (U. S« Geological
Survey, 1983). This, we hopey, witl allow the petrologist
and explorationist to rapidly test models based on the
Colorado data in other areas.
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Ues Kingy P. We Lipman, M, Ee McCatium, (. M. Rice,
Priestiey Toulmin, Ogden Tweto, and R. Ae Zielenski
gractously made unpublished analyses avatlable to us.

DESCRIPTION OF GRANNY

GRANNY {§s available in two formats: (1) hardcopy.
efither as paper- or microfiche-copy of computer printout;
and (2) computer~-readable magnetic tape.

The same information 1is contatned in both formats
except that on the hardcopy version some information which
is stored 1in code on the tape version 1is printed as the
corresponding English Lliterals. For example, the mineral
name "quartz" is stored on the tape version as "uUM", but {is
printed out as "QUARTZ” on the hardcopy.

The anatyses in the hardcopy version of GRANNY are
arranged by major groups and by secondary groups as
exptatned belowe. Major groups are arranged in alphabetic
order and secondary groups for each major group are arranged
in the order Llisted on Table 1.

On the tape version of GRANNY analyses are arranged
sequentially by record number (see below), in the order in
which they were entered 1into the data banke. Tape
characteristics are Listed on page 35.

The following two sections are addressed to different
audiences. The section, "Variable descriptions” tells the
petrologist-user what information is stored in GRANNY. The
section “"Tape description, data formats, coding form, and
program listings®” 4s directed to computer programmers and
data managers who will be responsible for Ltoading the data
bank into a computer and interfacing it with system- or
user-supplied software.

Varfable descriptions

- - -

Vatues for up to 106 variables may be stored for each
analyzed specimen. Each analysis must have values for the
variables AUTHOR, DATE, MAJOR GROUP, ROCK CODE, RECORD
NUMBER, and at least eight of the MAJOR CONSTITUENTS: Si02,
A1203, FeZOS, FeOy MgO, Cao0, Na2o0, KZO' HZO, HZO“y THZO'
T"OZQ PZOS, and MnO.

The variables are described below and are tisted on
Table 5.

AUTHOR ¢

Surname of author. Multiple authors are indicated by a
plus sign (+) following the sentfor author“s name. Complete
citations for all references and unpublished data are given
in Table 1.



DATE:
Year of publicationy, or year of inclusion in data bank
for unpublished analysese.

MAJOR GROUP:

The analytical data are divided 1into 15 major groups
which represent geographic arease. A three character
alphabetic c¢code is wused for each major groupe. Tabte 1
contains a listing of the major group codes. The areas
represented by the major group codes are shown on Figure 1.

SECONDARY GROUP:

Major groups may be subdivided into secondary groups
(abbreviated SECOND GROUP on the printout). Secondary
groups represent geographic locations or stratigraphic unit
subdivisions. A two- to four-character alphabetic code is
used to designate each secondary group. These codes are
listed in Table 1. Even if a major group is divided into
secondary groups not all analyses in that major group need
have secondary group codes. On the printout analyses not
assigned to a secondary group are Listed tast wunder each
major groupe.
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Figure 1 -- Index map showing areas represented by major group codes.



Figure 1. -- Exptltanation

Code Major group

cMO Mosquito Range

ELK ElLk Range, Ruby Range, and
West Etlk volcanic field

FRR Front Range

HAH Hahns Peak area

LAP La Plata Mountains

RAB Rabbit Ears volcanic field

RIC Rico mining district

SAJ San Juan volcanic field

SAW Sawatch Range

sSpC Sangre de {risto Mountains

SPE Never Summer Range, Medicine

Bow Range, and environs

SPP Spanish Peaks

TNM Thirtynine Mile volcanic field

WET wet Mountains

IMT Misc. Miocene tuffs, northwestern
Colorado



Table 1s == Listing of major group codes, secondary group
codesy and sources of analyses for each major aroup.

Major group Location Number of

code analyses
ARKRAR AR AR R RN AR A AR R AR A AN AN AN A A AARARARARRARAARRAA AR AR A AR A AR A ARk dd

Mo MOSQUITO RANGE, COLORADO 64

(222 SRR RSS2SR Rl dRdss iR RsRsRERSRE RS

SECONDARY GROUP CODES

Climax
C XL Late rhyotite dikes
€xs Climax stocky, undivided

CXSC Climax stock, central mass

CXS6 Ctimax stock, serjate granite

CxSS Climax stocks southwest mass

Cxst Climax stock, lower intrusive series

o] Chatk Mountain rhyolite
CLP Lincoln Porphyry (pre-ore)
Leadville district
LER Rhyotites
LEP Pando Porphyry
RU Ruby Mountain (Nathrop) volcanic complex
UK Buckskin Gulch stock

SOURCES OF ANALYSES

Butler, B. Sey and Vanderwilty Jo Wey 1933, The Climax
molybdenum deposit, Colorado, with a section on
historys production, metallurgy and development by
Charles W. Henderson: U. S. Geologtical Survey Butletin
846‘(:; Pe 195-237.

Carmichaely, 1o So Eey 1963, The crystallization of feldspar
in volcanic acid liquids: Geotogical Society of
London Journaly ve 119, p. 95-131.

Christiansen, E. Hey Bikune, Je V.y and Burt, D. M., 1980,
Petrology and gecochemistry of topaz rhyolfites, western
Ue Se Aey 3n, Burt, D M., and Sher‘daﬂ' Mo Fey
editorss Uranium mineratization in ftuorine-enriched
volcanic rocks: U. S. Department of Energy, Report
GFBX-225(80), p. 27-122.

Crossy Co Way 1886, On the occurrence of topaz and garnet
in tithophyses of rhyolite: American Journal of
Science, 3d Series, ve 31, pe. 432-438,



Table 17Te (continued)

Emmonsy, S. Fe, 1886, Geology and mining industry of
Leadville, Colorado: U. S« Geological Survey
Monograph 12, 770 pe.

Emmonsy Se Fe,y Irvingy Je Dey and toughlin, 6. Fa, 1927,
Geology and ore deposits of the Leadville mining
district, Colorado: U. S. Geological Survey
Professfional Paper 148, 368 p.

Hally We Eeoy 1973, Unpublished datae.
Johnson, D. A.y 1983, Unpublished data.

Kuntzy, Me Aey 1968, Petrogenesis of the Buckskin Gulch
intrusive complex, northern Mosquito Range, Colorado:
Stanford, Stanford University, Ph. D. Thesis, 200 p.

Luxy De Rey 1977, A major element geochemical study of
Laramide fgneous rocks of the Colorado minerat belt:
Houston, Rice University, M. S, thesis, 77 pe.

Mutschler, Fe Eoy Wrighty Eeo Ge.y Ludington, Steve, and
Abbotty Je Tey 1981, Granite molybdenite systems:
Ecomonic Geologys ve 76y p. 874-897.

Mutschler, F. E,, 1982, Unpublished data.

Rantay De Esyp 1974, Geology, alteration, and mineratization
of the Winfield (La Plata) district, Chaffee County,
Colorado: Golden, Colorado Schoot of Mines, Phe. D.
Thesis, 261 p.

Schoolery Re A+, 1982, Interpretation of rock and vapor
phase relations in the Ruby Mountain volcanic complex,
Chaffee County, Colorado: Bowling Green, Ohio,
Bowling Green State University, M. S. Thesis, 104 p.

Spencery, Edmondson, 1930, A contribution to the study of
moonstone from Ceylon and other areas and of the
stability relations of the alkali-feldspars:
Mineralogical Magazine, v. 22, p. 291=-367.

Steininger, Roger, 1973, Hydrothermal alteration in some
quartz monzonite dikes at the Climax molybdenunm
deposity Colorado: B8righam Young University Geology
Studies, v. 20, Part 1, p. 115-128.

Twetoy Ogdeny 1983, Unpublished datae.



Table 1. (continued)

Van Alstine, R. Eoy 1969, Geology and mineral deposits of
the Poncha Springs NE quadrangle, Chaffee County,
Cotorado: U. Se. Geological Survey Professional Paper
626, 52 De

Whitey, Wo. Hey Bookstromy A. As.y Kamilliy, Re Jeoy Ganster,
Me Wey Smithy Re Pey Ranta, De Eoy 2and Steininger,
Re Cuy 1981, Character and origin of Climax-type
molybdenum deposits: Ecomonic Geology, 75th
Anniversary Volume, p. 270-316.



Table 1. (continued)

AXAARAAERARRAAANRR AR ARR AR AA AR AR A AN AR AR RN A A AR AR AR A Ak bk ok

ELK ELK RANGE, RUBY RANGE, AND WEST ELK VOLCANIC 95
FIELD, COLORADO

122 2R RS R ERSRE 2SS 2R 2222222222 2222222222 RSt R R}

SECONDARY GROUP CODES
BOS Boston Peak rhyoltite

Granfte of Treasure Mountain dome
™ Undivided
T™MW @ White quartz porphyry facies
TMBM Bear Mountain porphyry facies
TMTB Twin Bridges porphyry facies
TMGR Granular facies
TMGM Mafic granite facies

RM Round Mountain rhyolite

RR Redwell Basin rhyolite
Mount Emmons

EM Undivided

E MK Keystone stock

EMLP Red Lady stock, porphyry phase
EMLA Red Lady stock, aplite phase
EMLB Red Lady stock, border phase

Misceltaneous felsites

MSA Middle Anthracite Creek, Ruby Range
mse Buck Holtlow, West ElLk Mountains

MSE Emerald Lake, ELk Range

MSL Lost Trail Creek, ElLk Range

MSP Spring Creek, FLk Range

MSS Smooth Canyon, West ElLk Mountains
ITL Italian Mountain Intrusive Complex
PSS Paradise Pass stock

SNS Snowmass stock

Tomichi Dome

TD Undivided
Tou Upper unit
TDOL Lower unit
TDX Breccia pipe
DS sitt

07 Remote tuff

10



Jable 1. (continued)
SOURCES OF ANALYSES

Cunningham, Ce Gey Jr., 1976, Petrogenesis and postmagmatic
geochemistry of the Italian Mountain Intrusive
Complex, eastern Elk Mountains, Colorado: Geological
Socfety of America Bulletin, ve. 86, p. 897-908.

Ernst, Ds R.y, 1980, Petrography and geochemistry of Boston
Peak and Tomichi Dome,y and relation to other plutons
in Gunnison {ounty, Colorado: <Cheney, Eastern
Washington University, M., S« Thesis, 52 p.

Johnsony De Aey 1983, Unpublished data.

Kurtzy Je Pey 1983, A mechanism for the concentration of
copper in felsic magmas related to porphyry
deposits: Chapel Hill, Unijversity of North
Carolina, Ph, D. Thesis, 195 p.

Mutschter, F. E., 1968, Geology of the Treasure Mountain
dome, Gunnison County, Colorado: Boulder, University
of COtOVadO, Phe Do Thesis, 240 pPoe

Mutschter, fF. Eo, 1982, Unpublished data.

Vanderwilt, Je Wey 1937, Geology and mineral deposits of
the Snowmass Mountain area, Gunnison County, Colorado:
Ue S. Geological Survey Bulltetin 884, 184 p.

Whitey, We Hey Bookstrom, A« A.y Kamilliy, Re Jeoy Ganster,
M. Wey Smithy, Re Po.y Rantay D. Eey and Steininger,
Re Coy 1681, Character and origin of Climax-type
molybdenum deposits: Economic Geology, 75th
Anniversary Volume, pe. 270-316.

Youngy Es Jey 1972, Laramide-Tertijary intrusive rocks of

Colorado: U. S« Geological Survey Open-File Report,
206 pe

11



Table 1. (continueag)

ISR RS RERSXRELERESSZ R SRS RRRX2 SRR Rl aRRRSRRRR LSRN

FRR FRONT RANGE, COLORADO 39

[ZX 222 ETERESEEZLISSEEZSEL IS RSRES S 2R RS RS2SR 2R R R RaREs B2

SECONDARY GROUP CODES

Henderson-Urad
HEU Undivided
HEUH Henderson granite
HEUP Primos porphyry
HEUU Urad porphyry
HEUR Red Mountain porphyry

LVN teavenworth Gulch (Georgetown) volcanic complex
MON Montezuma stock

EBO Bostonite and rhyolite dikes~-Eastern stope

ALC Alice stock

JIm Jamestown granite complex

SOURCES OF ANALYSES

Bookstrom, A. A., 1981, Tectonic setting and generation of
Rocky Mountain porphyry molybdenum deposits: Arizona
Geologicatl Society Digesty vo 14, p. 215~226.

Braddocky We Asy 1969, Geology of the Empire quadrangle,
Grandy 64lpin, and Clear Lake Counties, Colorado:
U. S. Geological Survey Professional Paper 616,y 56 p.

Gablte, pPolores, 1983, Unpublished data.

Hoblitty, Re.y and Larson, E.y 1975, Paleomagnetic and
geochronologic data bearing on the structural
evolution of the northeastern margin of the Front
Range, Cotorado: Geological Society of America
Bulletiny Ve 86, Pe 237-242.

Jenkinsy Re Euoy IIy 1979, Geologys, geochemistry and origin
of mineral deposits in the Hill Gulch area, Jamestown.
Colorado: 6Goldeny Colorado School of Minesy, Ph. D.
Thesisy 220 pe

12



Tabte 1. (continued)
Kingy Re Usey 1971, Unpublished data.

Mutschlery, Fe Eey Wrighty Ee Goy Ludington, Steve, and
Abbott, Je Ty 1981, Granite molybdenite systems:
Economic Geologys Ve 764 pe 874897,

Mutschler, F. E., 1982, Unpublished data.

Phair, George, and Jenkinsy, L. Bey 1975, Tabulation of
uranium and thorium data on the Mesozoic-Cenozoic
intrusive rocks of known chemical composition in
Cotorado: U. S. Geological Survey Open-File Report
75-501, S7 pe

Rantay De Eey 1974, Geology, alteration, and mineraltization
of the Winfietd (La Plata) district, Chaffee County,
Colorado: Golden, Colorado Schoot of Mines, Ph. D.
Thesis, 261 Pe

Ricey, C. M., 1983, Unpublished data.

whfte' We Hey Bookstrom, Ae. A,., Kamill‘h Re Jeogy Ganster,
Me Waeo Smith’ Re Pey Ranta, De Eoy and Steininger.
Re Coy 1981, Character and origin of Climax-type
molybdenum deposits: Economic Geologys, 75th
Anniversary Volume, p. 270-316.
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Table 1. (continued)
A AT AR TR AR AR AAR AR AR AARARARARNR SRR A AR R AR R AR AR AN AR
HAH HAHNS PEAK AREA, COLORADO 1
(2223202222222 222322228t s a2ttt 2
SOURCES OF ANALYSES
Segerstrom, K., and Young, E« Je, 1972, General geology
of the Hahns Peak and Farwell Mountain quadrangles,
Routt County, Colorado: U. S. Geologicat Survey
Buttetin 1349, 63 p.
RERRERRERRRRAR AR ARRARR AR AR ANRANRRR AR AR AR AR AR AR AR A AR A AR AR AR
LAP LA PLATA MOUNTAINS, COLORADO 2
I3 E 222 S22 SRS R R332 4d 222222 RaRaR2Ras 2222222 RdRR Rt &
SECONDARY GROUP CODES
AS Allard stock
SOURCES OF ANALYSES
Wwerley, Je Ley lkramuddin, Mohammed, and Mutschler, F. E.,
1983, Altard stock, La Plata Mountains, Colorado--An

enigmatic porphyry copper-precious metal deposit:
Canadian Journal of Earth Sciences (in press).

14



Tabte 1. (continued)
ARXRRRE A A AR RRRA AR AR RRARRRAARARR AR AR A RAAN A AR RAAARRRRAAA R AR AR AR
RAB RABBIT EARS VOLCANIC FIELD, COLORADO 6

I T I R S R Ty s I T T TS S 2
SECONDARY GROUP CODES

SPE Welded tuff--probably derived from Never Summer
Range (SPE)

SOURCES OF ANALYSES

Haily We Jey Jrey, 1968, Geology of southwestern North Park
and vicinity, Coltorado: U. S. Geological Survey
Bulletin 1257, 119 pe.

lzetty, G. Aoy 1968, Geology of the Hot Sulphur Springs
quadrangle, Grand County, Colorado: U. S. Geological
Survey Professional Paper 586, 79 pe

RERE AR AR AR AR AR ANN A RR R AR RNRNARAAARRRAA R AR AR AR AN AR A AN R Rk kk

RIC RICO MINING DISTRICT, COLORADO 1

RAREEE AR A R AR AR AR AR RN AR AN AR AR AR AR RAAAA AR AR AR A A A ARk R h kR ® ek
SOURCES OF ANALYSES
McKnighty Eeo Tey 1974, Geology and ore deposits of the

Rico districty, Colorado: U. S. Geotogical Survey
Professfonal Paper 723, 100 p.

15



Tabte 1. (continued)

ERARARE AR AR AR AAAR AR AN AR A AR AR ARAAARRA R AR AR AR AR AR ARk A Akt

SAJ SAN JUAN VOLCANIC FIELD, COLORADO 151

RAIRRRAR AR AARN AR RAA R AR R AR RN AR ARA AR AR AR AR Ak A A ARk A AN Rk bk

SECONDARY GROUP CODES

HIN Hinsdale Formation
Chicago Basin tntrusive center
XD Late dike (mafic rock)
XY Younger intrusive
X0p pikes related to older stock
X0 Older stock
Lake City caldera
LRI Post-caldera intrusives
LRIN Nellie Creek intrusive
LAG Alpine Gulch granite
LSP Sunshine Peak Tuff
Post-caldera intrusives near Silverton
S$S1 South Silverton area
SHI Horseshoe Rend, Chattanooga
SPl Stony Mauntain
SNI National Belle plug, Red Mountain
C(reede catldera
CMM Mammoth Mountain Tuff--Farmers Creek Rhyolifte
CwWP Wasson Park Tuff

Cochetopa Park caldera

HD Dome
HCP Cochetopa Park Tuff
Bachelor caldera
BCR Carpenter Ridge Tuff
La Garita catdera
LFC Fish Canyon Tuff
Silverton caldera
SCL Crystal Lake Tuff
San Juan and Uncompahgre calderas
SBH Burns and Henson Formations
(post-coltlapse flows)
SSM Sapinero Mesa Tuff
SDM Dilton Mesa Tuff

16



Table 1. (continued)

Ltost Lake caldera
KBM Btue Mesa Tuff

Summitville and Platoro calderas
PF Flows
PTM Treasure Mountain Tuff

 Bonanza caldera
BZP Porphyry Peak Rhyolite
BZM Miscellaneous altered rocks

Farly intermediate stratovolcanoes

EIL Miscellaneous lavas and tuffs
E1S Summer Coon volcanic center

oL #iscellaneous 0Oligocene

XX Stratigraphic position unknown

SOURCES OF ANALYSES

Burbank, We Sey 1932, Geology and ore deposits of the
Bonanza mining district, Colorado: U. S. Geological
Survey Professional Paper 169, 166 p.

Ernsty Re Pay 1981, Granite and rhyoltite
retationships of the Lake City caldera area,
Hinsdale County, Colorado: Cheney, Eastern
Wwashinton University, M. S. Thesis, 60 pe.

Larseny £« Sey Jrey and Cross, whitman, 1956, Geology and
petroltogy of the San Juan region, southwestern
Colorado: U. S. Geological Survey Professional Paper
258, 303 p.

Leedyy We Pey 1971, Hydrothermatlt alteration of volcanic
rocks in the Red Mountains district of the San Juan
Mountainsy Colorado: Buffalo, State University of
New York at Buffalo, Phe D. Thesis, 108 p.

Lipman, P. We, 1968, Geology of the Summer Coon volcanic
tentery, eastern San Juan Mountatns, Colorado:
Colorado School of Mines Quarterly, v. 63, no. 3,
Pe 211’236.

Lipman, P. We, 1975, Evolution of the Platoro caldera
complex and related volcanic rocks, southeastern San
Juan Mountains, Colorado: U. S. Geological Survey
Professional Paper 852, 128 p. (Major element oxide
data is original analytical data. Data in Lipman
(1975) has been normalized to total 100 percent,
voltatite free.)

17



Table 1+ (continued)
Lipman, Pe Wey 1976, Unpublished datae.

Mertzman, Se Aey Jrey 1971, The Summer Coon volcano,
eastern San Juan Mountains, Colorado: New Mexico
Geological Society Guidebook of the San Luis Rasin,
Cotorado--Twenty~second field Conference--September 30~
October 1‘2' 1971, Pe 265-272.

Mutschlery, Fe. Eoy 1982, Unpublished data.

0{50", Jeo Cuy Hedlund’ De Co, and Hansen, W, R.y 1968’
Tertiary volcanic stratigraphy in the Powderhorn-
Black Canyon region, Gunnison and Montrose Counties,
Cotorado: U. S. Geological Survey Bulletin 1251-C,
Ps €1'C290

Ransomey Fo Loy 1901, Economic geology of the Silverton
quadrangle, Colorado: U. S. Geological Survey
Bulletin 182, 265 P

Ratte, Jo Cuy and Steven, Te Aey 1967, Ash flows and
retated volcanic rocks associated with the Creede
calderas San Juan Mountains, Cotorado: U. Se.
Geological Survey Professional Paper 524-H, p. H1-H58.

Schmitt, Le Joy and Raymond, We. Hey 1977, Geotogy and
mineral deposits of the Needle Mountains district,
southwestern Colorado: U. S. Geological Survey
Butletin 1434, 40 p. (Trace element data from:
Steveny Te Aoy Schmitty, Le Joy Jrey Sheridany, M. Jeoy
ang Williams, F, Eey 1969, Mineral resources of the
San Juan primitive area, Colorado: U. S. Geological
Survey Bulletin 1261-F, 187 p.)

Spencer, Edmondson, 1930, & contribution to the study of
moonstone from Ceylon and other areas and of the
stability relations of the alkali-feldspars:
Mineralogical Magazine, ve. 22,y po 291-367.

Steven, Te Asy Lipman, P. We, Fisher, F. S., Beiniewski,
Ce Ley Meevesy, Hs Loy Popenoce, Peter, and Luedke, R.
Gey 1977, Mineral resources of study areas contiguous
to the Uncompahgre primitive area, San Juan Mountains,
southwestern Colorado: U. Se Geological Survey
Bulletin 1391~E, pe ET1-E126,

Steven, T. A., and Ratte, J. C.y 1960, Geology and ore
deposits of the Summitville district, San Juan
Mountains, Colorado: U. S. Geological Survey
Professional Paper 343, 70 p.

18



Table 1. (continued)

Varnes, D. Joy 1963, Geotogy and ore deposits of the south
Sttverton mining area, San Juan County, Colorado:
U. S. Geological Survey Professional Paper 378-4,
Pe A1-ASG.

Zielinski, R. A.y, 1983, Unpubtished data.
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Table 1. (continued)

1222 22 R 2RSS R RTERSREEES SRR SRR R st Rt Rt s S

SAW SAWATCH RANGE, COLORADO 42

[XEZ 222 EZRESRZEE RSS2SR 2RSSR 2222822l taRdRRls 2]

SECONDARY GROUP CODES

TU Turquoise Lake
OH Ohio City

winfield
WIM Middle Mountain complex
WWP Winfield Peak complex
G2 Grizzly Peak caldera
ANT Mount Antero granite
Tw Twin Lakes stock
ASP Aspen district

SOURCES OF ANALYSES

Bryant, Bruce, 1979, Geology of the Aspen 15-minute
quadrangle, Pitkin and Gunnison Counties, Colorado:
Ue Se Geological Survey Professional Paper 1073, 146 p.

Dingsy Me Gey and Robinsony . Sey 1957, Geolooy and ore
deposits of the Garfield quadrangle, Coltorado:
U. S. Geological Survey Professional Paper 289, 110 p.

Holtzclaw, Me Joy 1973, Geology, alteration, and
mineralization of the Red Mountain stock, Grizzly
Peak cauldron comptex, Colorado: Stitlwater,
Oklahoma State University, M., S, Thesis, 79 pe.

Johnson, De Aey 1983, Unpublished data.

Mutschler, F. EFey 1982, Unpublished data.

Phairy George, and Jenkinsy Le Bey 1975, Tabultation of
uranium and thorium data on the Mesoczoic-Cenozoic
intrusive rocks of known chemfcal composition in

Colorado: U. S. Geologfcal Survey Open-File Report
75-501, 57 pe
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Tabie 1« (continued)

Rantay De Eoy 1974, Geology, alteration, and mineralization
of the Winfiela (La Plata) district, Chaffee County,
Colorado: Golden, Colorado Schoot of Mines, Ph. Do«
Thesisy 261 pe.

Thompson, Te Bey and Pulfrey, Re Joy 1973, The Mt. Antero
granite, Sawatch Range, Colorado: Mountain Geologist,
Ve 101 Pe 117-122.

Toulmin, Priestley, 1982, Unpublfished data.

Wilshirey, He Gey 1969, Mineral layering in the Twin Lakes

granodiorite, Colorado: Geological Society of America
Memoir 115, pe 235-261.
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Table 1. (continued)

(222 2L R SRR3R XSS X222 8RR 8L22 22222222t RdRRR AR R LR R R

spC SANGRE DE CRISTO MOUNTAINS, COLORADO--NEW MEXICO 33

(2 2282822822222 222Xt RRtR R sR2Rs R 22 RARRtARRARE RS2 S

SECONDARY GROUP CODES
CPS Cottonwood Peak stock, Colorado

Questay, New Mexico
QUE Undivided
QUEL Late granite porphyry
QUEG Goat Hill porphyry
QUEA Questa Mine aplite
QUEC Log Cabin granite
QUEYV Volcanics

" SOURCES OF ANALYSES

Clarky Ke Rey and Read, C. By 1972, Geology and ore
deposits of the Eagle Nest area, New Mexfco: New

Mexico Bureau of Mines and Mineral Resources Bulletin
94y 149 Do

Ishiharay Shunsoy 1967, Molybdenum mineralization at Questa
miney, New Mexico, U. S. A.: Geological Survey of
Japan Report noe. 218, 64 pe.

Kurtzy Je Pey 1983, A mechanism for the concentration of
copper in felsic magmas related to porphyry
deposits: Chapel Hill, University of North
Carolinay Phe, Des Thesis, 195 p.

Mutschlery Fe Eoy 19824 Unpublished datae

Phairy, George, and Jenkinsy L. Be.y 1975y Tabulation of
uranium and thorium data on the Mesoczoic-Cenozoic
intrusive rocks of known chemical composition in
Colorado: U. S. Geological Survey Open-File Report
?75-501, 57 p.

Rantay D+ Eey 1974, Geology, alteration, and mineralization
of the Winfielad (La Plata) district, Chaffee County,
Colorado: 6Gotden, Colorado School of Mines, Ph. D.
TheSiS' 261 Pe
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Table 1. (continued)

(2222222228222 222222222 RSS2 22322022 a2 R 2R L R 2

SPE NEVER SUMMER RANGE, MEDICINE BOW RANGE, 25
AND ENVIRONS, COLORADO

ARAAA R RAKR AR RAN AN R AR A ARA AR ARR AR ARR A AR AR AR N A AT AR AR AR A AN kR

SOURCES OF ANALYSES

Corbetty Me Key 1968, Tertiary voicanism of the Specimen-
tulu=-lron Mountatn area, north central Colorado:
Colorado Schoot of Mines Quarterty, ve. 63, no. 3,
pe 1-37.

Mmc Cattumy, M. E.y, 1983, Unpublished data.
Wwahlstromy E. Esy 1944, Structures and petrotocy of
Specimen Mountain, Colorado: 6Geological Society of

America Bulletin, ve. 55, p. 77-90.

L2222 RS RS RES SRR R il 8z s8R R Rt RasRR SRR 24

SPP SPANISH PEAKS, COLORADO 5

2R e I e T e
SOURCES OF ANALYSES

Johnsony, Re B.y 1968, Geology of the ignecus rocks of the
Spanish Peaks region, Colorado: U. S. Geological
Survey Professional Paper 594-6, 47 p.

Knopf, Adolph, 1936, Igneous geology of the Spanish Peaks
region, Colorado: Geological Society of America
BUllet‘n' Ve 47, Pe 1729-1784,

Youngy Ee+ Jey 1972, Laramide-Tertiary intrustve rocks of
Colorado: U. S. Geological Survey Open-File Report,
206 Pe



Table 1. (continued)

ARERRK AR AR AR IR AR R AR RRNR A AR AR AR R RN AR AR AR A AR IR AR AN AN A kK

TNM THIRTYNINE MILE VOLCANIC FIELDy COLORADO 8

(122222222 RRCRRARRRR2RRRSRRRRRR2RREaRRRE2S2ARRRRZEAREREE R 2

SECONDARY GROUP CODES

GP Gribbles Park Tuff

TR Thorn Ranch Tuff

EG East Gulch Tuff

SR Tuff of Stirrup Ranch
WM wall Mountain Tuff

SOURCES OF ANALYSES

Episy Re Cey and Chapin, (e Eey 1974, Stratigraphic
.nomenclature of the Thirtynine Mile volcanic field,
central Colorado: U. S. Geotogical Survey Butletin
1395-Cy po C1-C23.

Van Alstiney, Re. E.y 1969, Geology and mineral deposits of
the Poncha Springs NE quadrangle, Chaffee County,
Colorado: U. S. Geological Survey Professional Paper
6269 52 Pe
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Tabte 1. (continuea)

ARXRAAKE AR AR A AR AN A AR AR AR R AR ANA A AR AR AT A AR AR AR AR AR A AN ANk

WET WET MOUNTAINS, COLORADO 20

AKRARRARRR A ARAEAARAA A IAAANRA RN AAARR AR A AR A AR A A AN AR AR AN ARA N Kk ok bk

SECONDARY GROUP CODES

AN Antrim Lode plug
RO Rosita volcanic center
SL Sitver CLiff volcanic center

SOURCES OF ANALYSES

Andersons Fe. Goy Selvigy We Aey Baur, Ges Sey Cotbassoni,
Pse Jes and Bank, Walter, 1956, Composition of perlite:
Us Se Bureau of Mines Report of Investigations 5199,
13 Pe

Crossy Whitman, 1896, Geology of Silver CLiff and the
Rosita Hills,y Colorado: U. S. Geotogical Survey
17th Annual Report, Part 2, p. 263-402,

Mutschter, F. Eoy 1982, Unpublished data.

Mutschlery, Fo Eoy lkramuddin, Mohammed, and Ludington,
Steve, 1983, Sitver Ctiff, Coltorado--Possible
high-level expression of a granite molybdenite system
in a8 bonanza sitver camp: Economic Geoloagy (§n press).

Phair, George, and Jenkfns,y L. Bey 1975, Tabulation of
uranium and thorium data on the Mesozoic-Cenozoic
intrusive rocks of known chemical composition in
Colorado: U. S. Geological Survey Open~-File Report
75-501, S7 pe
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Table 1« (continueg)

2 2222 RS 22222222 X232 8232222222222 R R 2R RS RaRtR S

IMT MISC. MIOCENE TUFFS, NORTHWESTERN COLORADO 5

I ZE 2R EIREEZ R R SR ERE RS2SRRSR SRS SRS R R RS SRS SRR R R R 2
* SOQURCE AREAS MAY BE OUTSIDE OF COLORADO +*

SECONDARY GROUP CODES

BPF Browns Park Formation
NPF North Park Formation
TRF Troublesome Formation

SOURCES OF ANALYSES

Izetty Go Aey 1968, Geology of the Hot Sulphur Springs
quadrangle, Grand County, Cotorado: U. S. Geologicatl
Survey Professional Paper 586, 79 p.

Izett, G« A.y, Denson, N« M., and Obradovich, J. D., 1970,
K~-Ar age of the ltower part of the Browns Park
fFormation, northwestern Colorado: U. S. Geologicat
Survey Professional Paper 700-C, p. C150~-C152.
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LATITUDE:

Latitude (abbreviated LAT on the printout) of the
sample location to the nearest one-hundredth part of a
decimal degree, followed by an “N" for north.

LONGITUDE:

Longitude (abbreviated LONG on the printout) of the
sample location to the nearest one-hundredth part of a
decimal degree, followed by a "W" for weste.

FLAGS:

fFlags give information on the nature of the analytical
data. Up to six flags may be stored for each analysis, but
a maximum of two are used fn this version of GRANNY. Each
flag consists of two characters as shown below:

INFORMATION FLAG

-- s e e e - - .- - - .-

Total tron 4s reported as 20
either fFel203 or FeO

Analytical data represents 3K
an average of analyses of
two or more specimens

ROCK NAME -- CODE:

ROCK NAME is the name assigned to the analyzed specimen
by the authore It 4s recorded by a Ltiteral name, and
consists of up to 20 alphabetic characters. CODE consists
of a four integer number which may be transtated as shown on
Table 2, and which represents the Lliterat name stored in
ROCK NAME.
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Table 2. == Rock names and codes.

ROCK NAME CODE
NOT NAMED BY AUTHOR c010
NAME NOT RECOGNIZED IN GRANNY 0020
ALASKITE CO8O
ANDESITE 0190
APHANITE 0280
APLITE 0290
BOSTONITE 0750
FELSITE 1240
GLASS 1390
GRANITE 1420
GRANODIORITE 1490
MICROGRANITE 1440
MONZONITE 2310
NEVADITE 2400
OBSIDIAN 2500
PERLITE 2730
PITCHSTONE 2820
PORPHYRY 2870
PUMICE 2930
QUARTZ BOSTONITE 0760
QUARTZ LATITE 1980
QUARTZ MONZONITE 2330
QUARTZ PORPHYRY 2890
RHYODACITE 3000
RHYOLITE 2010
SODA GRANITE 1470
SYENITE 3350
TUFF 3880
VITROPHYRE 4000
WELDED TUFF 4060
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AGE:

Both minimum and maximum values for stratigraphic and
isotopic ages may be given for a sample. The method for
determining ages may be specified. AGE: STRATIGRAPHIC:
Minimum (MIN) and maximum (MAX) Llimits may be given with
four character codes from the fotiowing list.

Age MeYo Code
Cenozoic 0-65 CENO
Pliocene 2=-5 PLIO
Mjocene 5-232 MIOC
Oligocene 23-38 OLIG
Eocene 38-52 FOCE
Paleocene 53-65 PALC
Cretaceous 65-135 CRETY

Each code is followed by two blank characterse 7These were
teft for insertion of modifiers if the user desires.

AGE: ISOTOPIC: Six-digit minimum (MIN) and maximum (MAX)
ages may be given in me.y. Two decimal places are provided
fore.

AGE: METHOD: A code of up to four characters may be used to
destgnate the age determination method. The current version
of GRANNY uses the following codes.

Method Code
Potassium=-argon KAR
Fission track FSTR

NUMBER OF MINERALS:

This field contains the number of mineral names coded
for the specimen (see below). It is not included on the
printout.

MINERALS:

Up to ten codes for rock-forming minerals occurring in
the anatyzed sample may be included here. The first two
characters of each code represent the mineral name as shown
on Table 3. The third through fifth characters refer to the
habit of the mineral. Only one of these habit codes %s used
in this version of GRANNY (see Table 3).

The print program transtates the codes stored in the
data bank back into mineral names on the printout.
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Tabte 3.

-= Mineral

Framework

$i02

names and codes.

MINERAL
PRINTOUT

siticates

minerals
CRISTORALITE
QUARTZ
TRIDYMITE

Feldspars

FELDSPAR

Alkali feldspars

ALKALI FELDSPAR
ANORTHOCLASE
K-FELDSPAR
MICROCLINE
ORTHOCLASE
PERTHITE
SANIDINE

Pltagioclase feldspars

ALBITE

ANDESINE
NA-PLAGIOCLASE
OLIGOCLASE
OLIGOCLASE-ANDESINE
PLAGIOCLASE

Sheet silicates

BIOTITE
CHLORITE
MUSCOVITE
SERICITE

Chain silicates

Orth- and

AMPHIBOLE
AUGITE
DIOPSIDE
HORNBLENDE
PYROXENE

Ring sflicates

EPIDOTE
GARNET
SPESSARTINE
TOPAZ
TOURMALINE

30

CODE

UK
um
UN

NB

NC
ND
NE
NF
NH
N1
NS

NP
NT
NN
NR
NS
NL

PR
PG
PD
PF

QA
RG
RH
ad
RA

TH
T1
T0
TR
TS



Table 3. (continued)
Non-silicates

FLUORITE

HABIT SUFFIX
(PRINTOUT)

- o - -

PHENOCRYST (PHENO.)

31
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OCCURRENCE AND PETROGRAPHY:

Mode of occurrence and petrographic descriptors
(abbreviated OCCUR-PETROG. on printout) are listed by up to
six codes for each specimen. The occurrence is always
listed first. The occurrence and petrographic descriptor
codes are listed {n Table 4. The print program transltates
the codes back into their literal names on the printout.

Table 4. == Occurrence and petroagraphic descriptor codes.

OCCURRENCE CODE
ASH FLOW AE
BRECCIA Ad
DIKE AM
DOME AN
FLOW AP
FLOW BRECCIA AQ
LACCOLITH AW
PIPE Bl
PLUG BJ
PLUTON eK
PYROCLASTIC BN
SILL BS
STOCK BU
TUFF BZ
WELDED TUFF CE
PETROGRAPHIC

DESCRIPTOR CODE
APLITIC bu
DEVITRIFIED D2
EQUIGRANULAR ED
GLASSY EH
HOLOHYALINE EQ
PORPHYRITIC FP
PUMICEOUS FQ
VITROPHYRIC GC
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ALTERATION:

Up to four codes may be used to describe alteration
assemblagess Each code consists of a one or two character
codey, which may be suffixed with an additional character to
indicate alteration intensity. The <codes are Listed below.
The print program translates the codes into English on the
printout.

ALTERATION
ASSEMBLAGE CODE
FRESH F
ALTERED (Assemblage IC
not specified)
ALUNITIC AL
ARGILLIC AR
POTASSIC K
QUARTZ-MAGNETITE QM
QUARTZ~SERICITE Qs
SILICIFICATION S1
INTENSITY
SUFFIX (PRINTOUT) CODE
WEAK (~W) W
MODERATE (-Mm) ]
STRONG (-S) S
EXTREME (-X) X

AUTHOR NUMBER:

AUTHOR NUMBER is the author”s sample number or the page
(P.) or table (T.) on which the analysis is given 1in the
source. Up to ten characters.

RECORD NUMBER:

Each analysis was assigned a sequential five-digit
record number when it was entered d{nto the data bank. This
version of GRANNY contains 507 records.

MAJOR CONSTITUENTS:

Weight percentages of wup to 26 <constituents may be
stored for each analysise The constituents are given in the
following order: $Si02, AL203, Fe203, Fe0, Mg0, (a0, Na20,
K20, H20+, H20-, THZ20 (Total HZ20), LOI <(Loss on ignition),
TiOZ. P205, MnO, ZrOZ, o2,y SO3, clLy Fy S, Crzo3, NiO, Bao,
Rb20, Sr0. Major constituent wvatues generally have two
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>