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INTRODUCTION 35-mm flight-lipe tracking camera. The scintilla- units of Steven and others (1977, fig. 2). DISCUSSION OF RADIOMETRIC DATA Lower values of eU (<6 ppm) surround the Lake and along the north flank of the Eureka graben  intrusives of the Nellie Creek area have values Map F.--eTh/K - rocks, the caldera-collapse breccias, and the volcaniclastic rocks (Ts, Thb) commonly covered by (maps A, B, C), and northeast of Silverton, also  1intermediate composition. Oligocene rhyolite plates ; .
: tion detector consisted of 5.2 L (2 crystals, each Quaternary units are not shown for the southwest » =T 7% ’ d £1 fwely hicher i dioactivity. Lipman, P. W., 1976a, Caldera-collapse breccias in
An aerial radi 1 , ’ y , City caldera and most occur where bedrock is where values are 4.0 to >7.5 percent. The western barely >0.5, the high at Broken Hill is. clearly ! The eTh/K data show less uniformity for the quartz latite flows of Grassy Mountain (Tqg) and Quaternary sediments. Values for eU- (map A) and in the Animas valley (map A). These anomalies ows are comparatively gher in radio y X
adiometric and magnetic survey of 2.6 L) with bottom shielding (2T geometry) for art of the study area and faults are not shown at The radi ic d : i ; _ ' : ‘ ; ‘ 11 d Mi the western San Juan Mountains, Colorado:
the Lake City caldera and vicinity, Hinsdale, San diteition of Bae228 \ it 4 » p reudy . s ometric ata of this report are Oligocene volcanic rocks. Miocene rocks, both two-thirds of the caldera, as well as the lobe >0.6, that at Dolly Varden Mountain is within a Lake City caldera than the other two ratios (maps Red Mountain (Tqr). These relationships are some- eTh (map B) are slightly anomalous in this area, occur where there is abundant mining talus debris Intrusive rocks of Oligocene and Miocene age Geological Society of America Bulletinm, v. 87
Juan, and Ouray Counties Colora‘do’ vipy floa’m 1 43 . n aughter products in the air all. Specific geographic names are shown to aid p;‘esented as radioelement and radioelement-ratio those within the caldera and the intrusives extending eastward to Grassy Mountain, is 3.5 to larger area of wvalues >0.6, and the intrusive D and E). The western two-thirds of the caldera, what striking in the element data (maps A, B, C), and the eTh/K data (map F) show a distinct low, and probably relate to the debris. Ore occur north, northwest, and west of the Lake City_ no. 10 1397-1410 ’ ’
Octol;er, 1§78, for the”U o Geoiogical Surve; :lr':ieldi;xg 1(-4 frggei:yita]is’ e;;h 4e2 tL> with no 2iscussion AOf geoltc:gicalf End radiometric contour  maps. These data 1initially are outside, are generally 6 to >18 ppm. >6.0 percent and the granite (Yc) south of the north of Engineer Mountain has values »>0.5. The not including the western edge, 1is generally a while subtleties show better in the ratio data reflecting the more abundant K. The K anomaly beneficiation can result in anomalous concen- caldera, and several of rhyolitic (silicic) 1.976}; p(.;eologic ma;’ of the Lake Gity caldees
) , g ‘ ’ etry). e spectrometer was eatures. 8 a number of the wunits on the interpreted by comparison with mapped geology. - cald is 4.0 >9.0 ; first thr to h bal d ti f high of 6 >1 ' trati f dioactiv i 1s’ well s composition have anomalous radioactivity. ’
(USGS). The USGS contracted for the aerial : gy caldera 1is 4.0 to .0 percent. Henson Creek and s ee seem to have a balanced proportion o gh o to 0 with an extension to the east to (maps D, E, F). The eU/eTh data are uniform for extends to the southwest, crossing the Animas rations o radioac e minerals’ as e a ares., western Ban Juan Mountalng. - sourhwesteri
on Bekiif 4F ths Bgsr of 1oand Managements?gz;?), :a(liib;:f;:;iz tg measure gamma rays from the U-238 generalized map do T‘Ot have formal names, thgir Where correspondence exists, the geologic reason Map B.——eTh the south flank of Burrows Park, both areas of el versus eTh, while eTh is comparatively include Red Mountain. This higher area 1is the entire caldera, ~which suggests that the River, and includes part of the area of intrusives concentrations of ore minerals. The ratio maps Int_rusives of less silicic (quartz latite, Colo;‘ado- -y G:slogiszlalstr,vey uMiscella—
to obtaln aerial geophysical data for use La ril .decay series and K-40. The LSI-11 map symbols are frequently used to facilitate the for the correspondence is used to try to explain The eTh data range from <2 to >50 ppm and higher eU and eTh, are within the pattern of deficient in the outcrop north . of Engineer somewhat due to more abundant eTh but the relative proportion for these elements are the (somewhat anomalous in eU) northwest of Animas show that the mining debris in both areas has ‘monzonite) intermediate composition seldom have el In.vesti ations Series Map 1-962. scale
assessment of the mineral resource potential of :_1 Crocglllnpgter controlled the recording of the data discussion. ‘ areas where correspondence 1s nebulous or does not include a distinct central high of 18 to >45 ppm higher K west of the caldera. The remainder of Mountain. The rhyolites northwest of Animas Forks relationships are too complex to make that a valid same for all of the caldera rocks. The eU/K and Forks. This anomaly cannot be explained at this comparatively more abundant eU relative to eTh and  anomalous radioactivity. : 4 . 1:48,000. ® ' i ’
the Lake City area. The area surveyed 1s mostly elt:::s eThspe;:;fometer, mag;s’-tometer- and altim- The Lake City study area is in the San Juan exist. For these 1instances, interpretation in the western two-thirds of the Lake City caldera the caldera is <2.6 to 3.5 percent. are not apparent in the eU/eTh data, those to the generalization. . Within the high are three areas eTh/K data show higher values for the ash-flow time, but extensive hydrothermal alteration in K (maps D, E) and eTh and K are in relatively Miocene intrusives north and northwest of the Lipman ’P. W., Steven. T. A, Tuedke. R Go. and
BLM-controlled land plus adjoining U.S. Forest b of . e i mm camera photographed the flight Mountains of southwestern Colorado where extensive  depends upon some understanding of the surface that is generally coincident with the eU high. A Miocene rhyolites north and northwest of the southwest are slightly >0.5, and 1.5 km (1 mi) of >8: (1) in the west-central part of the tuff; examination of the element maps (maps A, B, middle Tertiary time may be in part responsible constant proportion (map F). caldera are silicic, alkalic rhyolites, and Burbank, W. S.. 1973. Revised voloanic hi,story
Swerlan Taed. oSe path of the aircraft. .~ ' volcanism occurred during middle Tertiary time. geochemistry that the radiometric data reflect but lobe of this high extends to the east within the caldera are either associated with somewhat higher east. is a high of >0.7 in volcanic and caldera, possibly due to more abundant eTh, (2) in C) indicates that these features result from more for the anomaly. Various phases of hydrothermal Intense  hydrothermal alteration at Red several are anomalously radioactive, as known from of the ,San Ju;n Un’compahgre Silverton. and
W. D. Heran (198la 1981b) has published : These mountains contain the remains of at least 15 which 1s not derived from the mapped geology. caldera to partially include Grassy Mountain. The K as at Dolly Varden Mountain (>4.0 percent) and volcaniclastic rocks (Thb). the north-central part of the caldera, most likely abundant eU and eTh relative to K. alteration are  K-additive, including  those Mountain within the Lake City caldera produced earlier studies (Steven and others, 1977). This Lake City calde’ras in the v;estern San’Juan
eafertn o the TLale Ci’ty el A Thet URVEY PARAMETERS calderas, volcanic depressions caused by collapse Radioelement contour maps provide direct central high extends outside the caldera to the Nellie Creek (>3.5 percent), or with comparatively This ratio in the Red Mountains area is due to more abundant eTh, and (3) on the west side Inside the caldera, outcrops of silicic associated with porphyry Cu and Mo mineralization concentrations of alunite, a K-mineral (Mehnert anomalous aspect 1in the aerial - data 1is fairly Waanraise. " Helotados UsBs - Oeplepiesl Birvey
include a magnetic map, two radiometric ﬁags and e ik " in response to the eruption of voluminous ash-flow information on the relative abundance of an ele- south where apparent values of 18 to >50 ppm occur lesser K as at Broken Hill <3.0 percent) and north generally 0.4 with no definition of intrusive of Red Mountain, reflecting less abundant K. ( intrusives (Tri, Tg) do not correlate with (Lowell and Guilbert, 1970). Several researchers and others, 1979), but the radiometric data clear, partly because these bodies intrude less sormned R:asearc‘h v.. X n.o'. A iy
stacked profiles of t:}:e tagantic ‘and radiom’etric clearance :falzwzer; &e&?“é‘:) aa:daa gozi:atfgrgum: i tuffsi ltaiva flowsi ](-gen(eLL;ally posdt—cotlllapse)l,ng;d ment in) the Fr(})lrm of Cfncentration values (ppm -and over granite (Yc) along the Lake Fork Gunnison of Engineer Mountain (£3.0 percent). Near Animas rocks. At Gladstone, two >0.7 highs east and west Outside of the caldera, rhyolites show strong localized highs of the radioelements. The ' (Steven and others, 1974, p. 405; Lipman and contain only a suggestion of relatively less silicic, less radioactive Oligocene intermediate ch, ’ s ‘
pee abou pyroclastic materials pman and others . percent). ese values are not absolute and River and Cottonwood Creek. Other extensions of Forks the rhyolit to th th ‘th in volcanic and volcaniclastic rocks (Thb) result highs of 7 to >10 at Nellie Creek, 7 to >9 at int i k. to b imil i iti 97 84; d h 1979 2 abundant K (maps F, C) for the west side of Red composition rocks--the variation in anomalous :
data. This report presents th s ; . y es to e northwest are on the g | , ntrusives are known to be similar in composition others, 1976, p. 5 Doe and others, s Pe 2, ’ Lipman, P. W. Fisher Fe- S. Mehnert, H. H.
foductios of It,:he Eadiome:ricedr:tsaURaidOf zgighfz Illoge]l.mfllx (62ffmi{:1il)- At t:llis height above ground Intn\;sive rocks were emplaced during and following should be considered as apparent or relative 18 to >22 ppm are west of the caldera and include edge of the large K high on the north flank of the from locally deficient eTh. Along the Animas Broken Hill, 7 to >11 at Dolly Varden Mountain, to the ash-flow member (Tsp) that they intrude 19) have spe’culated Zm such mineralization in the Mountain. Features in the eTh/K data (map F) aspect probably being due to varying radioelement Na:zser, c.’w., Luec;ke, R. (’;.’ and Séeven, T:
interpratation of the redltiatrle datic g g seectr et:e iec ve 8:00!11 al.‘eaf measured by the | the extrusive events, followed by repeated cycles values. Ratioing of the radioelements highlights Henson Creek and the south flank of Burrows Eureka graben, and those to the southwest are on River at Eureka, the strong high of >0.8 over and 6 to >8 southwest of Animas Forks, all (Steven and Lipman, 1976), and their lack of western  San  Juan  Mountains, but specific possibly indicate subtleties in the pattern of mineralogy. The silicic intrusives not associated A., 1976, Multiple ages of mid-Tertiary
-at I p ometer is a strip along flight line about of extensive hydrothermal activity, and formation subtle changes in the relative concentrations that Park. The remainder of the caldera is mostly <14 the flank of a discrete high of >5.0 percent. The tailings is from comparatively more abundant eU. possibly due ‘to more ‘abundant eTh, but retaining definition in the radiometric data indicates a information relative to this anomaly has not been alteration within the caldera, but specific with anomalous radioactivity are generally those mineralization and alteration in the western
METHOD 244 m (800 ft) wide. Seventy-four flight 1lines, of major ore deposits. Metals production from the can have geochemical significance. ; : to 18 ppm. intrusions in the Red Mmgmtains arelra are in an Similarly, >3 km (2 mi) northeast of Silverton appreciable K. The granite (Yc) south of the similar radioelement mineralogy for both rock published d evidence is lacking. For the caldera, the other smaller in areal extent; the combination of S Juan Mountains Colorado: Economic
8- to 24-km (5- to 15-mi) long, were flown north- San Juan Mountains through 1976 totaled nearl i : ‘ : ) ore ) : ic- - o ’ )
) ! y one Other areas of higher eTh  occur north and area of comparatively deficient K, 1.4 to >2.2 the >0.8 high is over tailings and reflects more caldera 1is uniform (> 6), probably reflecting a types. An eU anomaly does occur in Burrows Park - West of the caldera, Henson Creek and the radiometric maps show the silicic-intermediate smaller size and possibly not anomalous radioele Geolo v. 71, no. 3, p. 571-588.
An aerial radiometric survey measures gamma south at intervals of 0.5 km (0.33 mi). Four tie billion dollars of gold, silver, copper, lead, and Map A.--eU northwest of the cald h ; . i ne - . ; contrast or relativel niform ratio of the ment concentrations could result ~in their not Yy T 1 M- Jl
radiation from materials at the yEarth's surgace lines were flown east-west at 6.5-km (4-mi) zinc primarily fgrom ’ com lex’ v;)ipns’ (Doe’ and The 'eU map has apparent values that (Tri) is 18 t e>4(§l on tw Erilimogenek N o e R e e o doREy, S K T 0 abundgir:lttx :Uareas f high ratio tly d nenten cou’lztr:arative et Bk ol e . e nlie oF Fle rilisre, S ls an mmes soyen flank. bl Sl b s i rog'o:i ent c S being expressed in the :erial data. The anomalous Gomelly ol D'.’ S Srlibaee,, ds ey 1900, Tatelud
Most of the gamma rays originate from K-40 an;l spacing; flight distance for this survey totaled othe;s 1979) P Beom @ ba S Pp TSP " u 1 rtangi Ll Sd . l;) M dPPm ,; ei e ;;e ,hBriﬂi(en Eureka, hligher values of >6.0 possibly relate to . e i t° . i8 elrd ths iPParE’-;log’ Ug meﬁfi:zi ie ifailingg at and northf of Eureka where  early reconnaissance( found  anomalous (2) are adjacent to the main body of the K a;xomrz\l))' adi Olim 8. S 1 Bt o 1et g : pre e Sy U. el Gkt . and vertical alteration-mineralization zoning
: : ‘ - K- s . pm. e map has a large centra , an olly Varden Mountain. e rhyolite mining talus contamination. o more abundant e nclude e two .6 an ex t a similar uniformity. South of Cottonwood radioactivity in mine dumps (Pierson and others (along the north flank of the Eureka graben 3 gocene volcanic and volcaniclastlc rocks ntrusives are known to have e in porphyry ore deposits: Economic Geology
from the decay products of the radioelements U-238 1265 km (786 mi). The flight lines are shown The study area is mostly within a large high, mostly 8 to >22 ppm, that is associated with north of Engineer Mountain is not associated with Other areas of higher K include a localized >0.7) along the north rim of the Lake City caldera Creek, over the rhyolite lava flow, the north- 1958, p. 408). ’ also are anomalous in K, and (4) also ’have east, southeast, and south of the Lake City (Steven and others, 1977); they did not v. 6pS pnoy. 4, p. 373-408. ’
ang Th-232. The distribution of these elements screened on each map. volcano-tectonic depression that includes four the western two-thirds of the Lake City caldera. higher eTh. In the Animas Forks region, one high of >4.5 percent southeast of Grassy Mountain, and the one of >0.9 west of the town of Lake south linear is >7 and probably has more abundant Exterior to the caldera, the  higher anomalous eU and eTh. These features may be part caldera’ have generally 1low to occasionally extensively alter the rocks they intruded, and the Mehnert , ’H H., ’Slack, J. F., and Cebula, G. T.,
:Zm l:};eiil;lt:::atyi proguctslis controlled by the DATA REDUCTION calderas that are closely grouped and in part A l%1ocalized high of >22 ppm occurs within the rhyolite (Ti) to the northwest is a relative high centered on the rim of the caldera, and located City. East and southeast of the caldera are eTh. concentrations continue to the south to include of the K anomaly or they may be due to different moderate radioelement concentrations, reflecting localization of the anomalous radioactivity_ is 1979, K-Ar age of alunite alteration at Red
progesses : c l:m of geological and geochemical nested (see index map). The Lake City and ca ker:a over Quaternary detritus in Burrows .of 18 to >22 ppm, the other is a low of 10 ppm, partly in ash-flow tuff (Tu) and partly in the si?eable areas of values 20.5 and >0.6 1in In the Red Mountains area, the prominent and part of the outcrop of Precambrian granite (Yc) in mineralogic occurrences. their intermediate (less silicic) composition. sut?stantiated by the aerial radiometric data. The Mountain, Lake City area, western San Juan
B suc as weathering, erosion, The data were processed to obtain contour JSilvevrton calderas are nested within the older Park. Extensions of the central high outside of and the two to the southwest form a composite high Grassy Mountain lava  flow (Tqg). South of Oligocene volcanic rocks, which have no immediate large area of 6 to >12 is due to deficient K as is take Fork Gunnison River and Cottonwood Creek. Oligocene intrusive rocks (Ti) in the study Rhyolite (more silicic) flows occur 1in the Oligocene intrusives southwest of Animas Forks are Mountains, Colorado: U.S. Geological Survey
;ian:portation, groundwater flow, and hydrothermal maps of the apparent surface concentrations of Uncompahgre and San Juan calderas, which are the.caldera are (1) 8 to >18 ppm over Quaternary of 18 to >30 ppm. In the Red Mountains area, Cottonwood Creek, a north-south linear high of explanation. In the southeastern cormer of the the area of 6 to >8 in the southwest corner of the North and northwest of the caldera, some of area reflect predominate intermediate composition Oligocene section and are seen as comparative within common. anomalous levels for all three Open-File Report 79-1642, 8 p.
éézi Va:‘onementt.l fIn addition, this distribution uranium (eU), thorfium (eTh), and potassium (K), separated by a Precambrian septum in the area of detritus in Henson Creek west of the caldera, (2)  three areas of higher eTh (>18 and 18 to >22 ppm) >4.5 percent correlates with higher eTh (map B) survey area, the >0.7 high north of Carson is over survey area, northwest of Silverton. Between the the Miocene intrusives (Tri) are associated with  and "...contrast markedly ..." (Lipman and others, radioelement highs where they are of-sufficient radioelements and are mapped as rhyolites, but Pierson, C. T., Weeks, W. F., and Kleinhampl, F.
. e);agrlea y romione rock type to another, and the ratios eU/eTh, eU/K, and eTh/K. These the Eureka graben. The Lake City caldera is the 8 to >22 ppm over Precambrian granite (Yc) on the  approximately correlate with quartz latite where bedrock is a rhyolite lava flow (Tl). The an Oligocene rhyolitic ash-flow (Ts).  South of caldera and Animas Forks to the west, including radiometric anomalies. The intrusives at Nellie 1976, p. 578) from the more radioactive, more areal extent at ground surface. Examples are the despite the anomalous radioactivity, u J., 1958, Reconnaissance for radioactivity in
JEATPLE granite (high  radiocelement maps are shown on maps A through F. The "e” (for youngest and the most completely exposed caldera south flank of Burrows Park west of the caldera, intrusive rocks. Along the Animas River, at and strong K high over granite (Yc) along Cottonwood the caldera, the large area of <0.4 seems to much of the Eureka graben, a large low of <4 has Creek and Dolly Varden Mountain have anomalous el silicic Miocene rocks (Tri). Where Oligocene north-south linear flow (T1l) south of Cottonwood mineralization similar to that of the Miocene the metal-mining districts of the San Juan
concentration) and quartzite (low radioelement equivalent) prefix 1is wused because of the in the western San Juan Mountains (Steven and and (3) a linear high of 8 to >35 ppm over north of Eureka, higher eTh of 18 to >22 ppm Creek extends north and west as values of »>5.0 result from slightly deficient eU. more abundant K and includes an area of <3 that and eTh and slightly anomalous K. The intrusive intrusives are anomalously radioactive, southwest Creek and the partially exposed flow (Ts) north of intrusives has not been discussed 1in the Mountains, Colorado: U.S. Geological Survey
zzgiﬁrgl::at;rzrél;SesBeacI:l:usteo zfmkth:yp:ela:‘liac;nsrheip :o potential for disequilibrium in the U- and Th- Lipma’;_‘ll; 1976).ld ; 4 durt oLt g‘scimbridancgtrtanite d(YCC:) 11? the :’akef Fo}::k Gu;l:ison probagig relates tofmihniirlllg deb:x["rils icor;kt::ilmination.h percent mostly over rhyolitic ash-flow tuff and . . ; . haz evertzhmorebl(.d Alo'ngf tt;le eastern, southeisterné at Broken Hill also has anomalous eU and eTh but and northwest of Animas Forks, they are known to Carson. 1iteratu:e ;otiate. - i e £he’ sortl Fldik Bulletin 1046-0, p. 385-413.
. N urements decay series. ese calderas were formed during gocene er and Lottonwood Creek south of the caldera. wL Ateas . B Gher © Belude.- 8 TOTCi volcanic breccia (Ts). Map E.--eU/K . and southern borders of the survey areas, lows o is not anomalous in K; the dintrusive north of be of more silicic composition (Burbank and est o 8 GRLERED SR & QEB, Inc., 1980, Airborne gamma-ray spectrometer
of radioelement distributions can be used to aid ‘Corrections applied to the radiometric dat and Miocene time. Oligocene igneous rocks Lower values of 4 to >8 ppm occur in the eastern south linear high of 18 to >30 ppm south of Lower values of K occur east of the Lake City The eU/K data show values of <2 to >3 for the <4 are due to less abundant eTh rather than more Engineer Mountain only’ has slightly anomalous Luedke, 1969). Also, these bodies are along the CONCLUSIONS of the Eureka graben, a large area of anomalous K ,and m;gnetom’eter survey, San Juan Mountains,
geologic mapping and mineral exploration. include background subtraction to remove c0unta initially were of intermediate composition, later third of the caldera. . , Cottonwood Creek at the south boundary of the caldera, east and southeast of Lake San Cristobal Lake City caldera. A north-south belt of values abundant K. eU. These rocks are mapped as silicic rhyolites bopder af . the large’ K anomaly along the north and slightly anomalous eU and eTh occurs where Colorado, July 16, 1980: QEB, Inc., Lakewood,
for aSec:intfllation detectors aredtypically used due to cosmic rays and aircraft contamination z became more silicic, while Miocene igneous rocks Other areas of higher eU correlate with survey area. Here bedrock is primarily a rhyolite where Oligocene rocks are <l.8 to 2.6 percent: >3 occurs in the west-central part of the caldera SUMMARY OF RADIOMETRIC INTERPRETATION similar in composition to the silicic tuff (Tsp) flank of the Eureka graben. The intrusives <4 km The aerial radiometric data for the Lake City bedrock is ‘mapped as Oligocene volcanic and co, 21 p: :
al gamma-ray surveys, and the detectors ’ are a bimodal suite of primarily mafic and silicic mapped outcrops of rhyolitic intrusives North lava flow (Lipman, 1976b) that is part of the and is perhaps d to slightl bundant eU : " d ini indi trologi volcaniclastic rocks. Published information does
‘ k ; ; spectral correction for the Compton effect. and : . s p Southeast and south of the caldera and across the P p ue siightly more abundant e - within the caldera eesare anomalously (2.5 mi) southwest of Animas Forks are anomalous caldera an vicinity ndicate petrologic Rogers, J. J. W., and Adams, J. A. S., 1972a,
with their associated electronic e‘quipment are normalization to the nominal sur\?e iy e’ compositions (Lipman and others, 1973). Oligocene and. northwest of the caldera, Miocene rhyolites lower ash-flow tuff unit (Tl) of Oligocene age. Lake Fork Gunnison River, these rocks are <1.0 to rather than deficient K. Other features thought radioactive, and in ’ places contain  small in all these radioelements. Several of the differences between several rock types. Within not explain the anomaly. Th:)rium, in We’depohl, K. 1;,, ed., Handbook of
y de (122
mounted in, aircraft which should' follow the m, 400 ft) to remove variations caused by ch rocks “shown on the generalized map are divided (Tri) are 8 to >22 ppm at and east of Nellie Another relative high of 18 to >22 ppm occurs west >2.6 percent. due to comparatively more abundant eU are (1) the The radiometric data show relatively higher quantities of supergene uranium minerals” (Steven Miocene quartz latite intrusives (Tq) in the Red the caldera, higher radioelement concentrations An effect of hydrothermal alteration is seen geochemistry, v. II/3:  Berlin, Springer-
c;:nto;r of the ground with a clearance of "o more 11’1 the ground clearance. Normall; a c};riezzfirsl into seven units on the basis of superposition and Creek, at Broken Hill, and at Dolly Varden of the caldera, just north of the Fureka grabsn, Map D U/eTh >4 high within the west side of the caldera at concentratlons of the wadioalepents wll, eTh, amd (R and others, 1977, p. E21). They intrude Oligocene Mountains area differ mineralogically from other . characterize the Sunshine Peak Tuff, a silicic in the Red Mountains area at the southwest corner Verlag. ’ '
rtlezz 20 m“f(700 ft). The low ground clearange is 1s applied to el data for Rn-227 da’ughters P type of. rock (ash-flow tuff, lava flow, = Mountain. West of the caldera and north of and .south of Henson Creek where bedrock 1is a P 'i'hi: :a " . i . £ B g Burrows Park, (2) the >3 area outside of the for the western two-thirds of the Lake City volcanic rocks (Ts, Thb, Tu, Tup) of predominantly nearby quartz latites, as reflected by slightly ash-flow rock, and lower concentrations indicate of the study area, where depletion of K has 19720, Urénium, in Wedepohl, K. H., ed.,
) ssary for statistically valid measurements using data obtained by the 2 7 detector. Because -volcaniclastic, intrusive). Miocene rocks are Engineer Mountain, a rhyolite (Tri) intrusive that combination of rhyolitic and intermediate ash-flow 1 11 pfs <t>lws kun S Satae o y or caldera on the southwest flank of Burrows Park, caldera. Most of the bedrock within the caldera less silicic, intermediate composition, and the anomalous eU and eTh. the less silicic or intermediate-composition of enhanced the ratios of eU and eTh with K. This T Handbook of geochemistry, v. II/3: Berlin,
ecause gamma rays are absorbed at an exponential the survey area is an area with large topographic divided into three major units on the same bases. includes a breccia pipe (Lipman, 1976b) is >8 tuffs, lava flows, and related volcaniclastic ;‘ezr y 1a - tfe Lake City caldera, possibly (3) the rhyolites (>4) southwest of Animas Forks, 18 the Sunshine Peak Tuff (Tsp), which resulted compositional contrast increases their anomalous ‘The Red Mountains area at the southwest caldera collapse breccias and quartz-latite lava-  area has been intensely altered, and geochemical Springer-Verlag.
rate as the ﬁthickness V}of the ’air beneath the variations and because the 2T detector measﬁred Precambrian rocks crop out south and ppm. Northwest and southwest of Animas Forks, rocks- (Ts, Thb) of Oligocene age plus Quaternary ndicating a uniform comparative mineralogy f.or (4) the tailings (>4) at Eureka, and (5) the gran-— from eruption of the Lake City caldera during aspect. . The variation in anomalous level may  corner of the study area includes an area of flows, all of Miocene age. Silicic intrusions data support the above interpretation reached from Steven, T. A., and Lipman, P. W., 1976, Calderas
aircraft iqcreases. Because the gamma rays are gamma rays from canyon side walls and stee southwest of the Lake City caldera, south of the four outcrop areas of Oligocene intrusive rocks detritus. these radioelements in the caldera. The major ite (3 to 5) at Cottonwood Creek. Features Miocene time and consists of a silicic rhyolitic result from mineralogic differences between the strongly positive values in the ratios eTh/K (map within the caldera do not have locally higher or the aerial radiometric data. No other direct of the San Juan volcanic field, southwestern
also absorbed .exponentially by the surface Slopid, - Thid. sorvRetisn Wie not saplicd’ ks thz Eureka graben. The principal rock type is the (Ti) mapped as rhyolites by Burbank and Luedke East, southeast, and south of the caldera and exc;ptiim 1s at the west side of the caldera where thought due to comparatively deficient K are (1)  ash-flow tuff and caldera-collapse breccias (Tsp, rhyolites. ' . F) and eU/K (map E). These higher values may anomalous radioactivity, probably because they are correlations of aerial data with areas of knowr Colorado: U.S. Geological Survey Professional
ma;:riils, the measurements only detect the data. The corrected radiometric datgpwereﬁreduced granite of Cataract Canyon (Yc) which locally (1969) range from 6 to >l4 ppm. Northwest of across the Lake Fork Gunnison River, a large area Z (;ca iz;;l high °§ »1.0 is in the Lake Fork the granite (3 to >7) along the Lake Fork Gunnison b). The breccias are mostly clasts of older Other outcrops of silicic rhyolite have no reflect depletion of K during hydrothermal alter- similar in composition to the rocks they alteration exist for this study area. ' Paper 958, 35 p.
1(:;). 5oe ement concentrations in the uppermost 0.5 m to apparent concentrations of the radicelements b contains inclusions of gneiss and schist of the Gladstone, in the Red Mountains area, three areas of <2 to 10 ppm has the lowest values of eTh in u;g i hver o butzows Parks Sl gt e River; (2) the rhyolites at Nellle Creek (3 to intermediate—composition .rocks ek Fhaine ' The expression in the radiometric data, especially ation because (1) the K data (map C) are here the intrude. Pervasive hydrothermal alteration has Steven, T. A., Luedke, R. G., and Lipman, P. W.,
43 £t) of rock and soil. using equations based upon calibration dat:}; Irving Formation (Proterozoic X) and is intruded of >8 ppm approximately coincide with intrusives the survey area. — This feature correlates with e t:-e-ra’tht etglrianite §Y8)6 itn(:l;ideSS aW Promi_negt >4), Broken HLLl (3 to >5), Dolly Varden Mountain gaderg amd fell imeo it suming esupblel  awd those smaller in areal extent north and northwest lowest in the variably altered and mineralized Red occurred throughout the caldera, but its effects 1974, Relation of mineralization to calderas
EQUIPMENT obtained at the calibration pads established by e see .k Opisalan B TN Spd SeRpeCas Jumcts larites (lo)» West of the rown opissemtabives ot mast. of the Oligooens. sostlan Z:id = tYleSH neal’CO k. ¢ h 5 leSt of SZ (3 <t 26, -and morth-af-loliser Mounteln (3); collapss (Lipman, 1976a, 1976b).. Ehyelifile socks of the caldera. Possibly the smaller intrusives Mountains Nos. 1, 2, and 3, and (2) geochemical cannot be assessed from available data. A deposit in the San Juan volcanic field, southwestern
: ' , the U.S. Department of Energy at Walker Airport, Quaternary deposits (unit Q) are widespread of Lake City, at the northeast corner Of. i (Te, T1, Ts, Thb, Tu, Tup) present in the survey to >e(;:a9, arexd ;nSSOHkm r?i‘ 5811':13) :: t‘;;aeausets 3f t;l () & lange atez of 3 o GKhe Rel Hountalns; tygicaTtly(Rhave ele:a;sd con;:ge;n;rat:igt;;b)of I;’ . were not within the effective ground area measured dakn SR eioe Ehat here - "-..decreases Gf E-Reh alonits A Rad Maeetats ichils the pals Colorado: U.S. Geological Survey Journal ®
tne equipment used for this survey is &  Grand Junction, Colorado (QEB, 1980). in the study area, frequently blanketing oy ') @rea, 4 localized high of >14 ppm is in  area. i e s i t 5oy and  (4)  the tailings (>4) northeast of  and e S o Yoo oT€%% by the aerial detector, or the combination of  continuously in abundance in progressively more  dera is not distinctive in the radiometric data. Research, v. 2, no. 4, p. 405-409. ©
multi-channel gamma-ray = spectrometer cam . ; rhyolitic ash-flow tuff (Ts), but 1is not BEARLLE Bt SURLoEd--fatic 18 8- aigher Afms-of S0:7 Silverton. The area of scattered values of <1 intermediate igneous rocks do not. Therefore, it i : altered rocks..."” (Fisher and Leed 73 . Exterior to the caldera, the radiometric data , ) ipman, P. W., Fisher, F. S. g <
: g : e eter with its : Precambrian and Tertiary bedrock, and include associated with d ; Map C.——-K ' over Quaternary detritus All of these features is concluded that these higher concentrations small = size and slight or not anomalous ( 2y a3 seeven, 1y e, Lipnag, ? ’ @ o
associated electronics, a 38.8 L sodium iodide GEOLOGY alluvium, colluvium, talus deposits rock ocieLel With & dREppec rhyolife Intfueive. " Ar The K d £ <1.0 9 ) ~ south of the caldera is probably due to deficient & radioactivity resulted in their response being  19). Concentrations of eTh (map B) and eU (map A) reflect the general distribution of rock types and Bieniewski, C. L., and Meeves, H. C., 1977, ¢ ®
intill : & 3 and north of the town of Eureka, southwest of th e ata range from 0 to >9.0 percent seem to reflect comparatively more abundant eU eU, while the areas <l west of the calder re reflect the predominance of silicic rhyolitic . . h ilicic-1 d h i 5 ©
scintillation detector, a  proton-precession glaciers landslide and earthflow deposits ; g & : ; | ’ estEg e era. a lost in the statistics of the gamma-ray are slightly anomalous in this area but the higher the silicic-intermediate contrast that occurs in , Mineral resources of study areas contiguous to 3 b
: ’ > , »  Lake City caldera, apparent values of 8 to >18 ppm and are dominated by a large area of higher K that rather than deficient eTh as deduced from the because of more abundant K rocks in the western part of the caldera. Lower ~ h 1d 011 lcani d g <
magnetometer, radar and barometric altimeters, a The geologic data (shown screened on Maps A- glacial moraines, and glacial outwash gravels 4 PP Ll = 8 measurement. ratios probably reflect deficient K rather than the caldera. gocene volcanic an the Uncompahgre Primitive Area, San Juan %
s X : [ may reflect mining talus contamination--the con— ncludes the western two-thirds of the Lake City element maps (maps A, B). ) concentrations in the remainder of the caldera N , .
DEC LSI-11 microcomputer; a digital magnetic tape F) were compiled from Lipman (1976b) d Burbank (Lipman, 1976b). West of the caldera and along the north flank more eTh or eU. " volcaniclastic rocks predominate outside of the Mountains southwestern Colorado: Ue S« ©
P ~ ARG » P and Burban : s tours follow the Animas River valley in an area of caldera and the granite outcrop to the south. The The Miocene rhyolites north and northeast of mostly result from the occurrence of less ¢ 1d d their low-to-mod di ivity 1 1 ©
recorder, an analog strip-chart recorder, and a and Luedke (1964, 1969), using the generalized {ve ‘mind higher K also includes an area west of the caldera the caldera sh light highs f hi i Th dioacti 1 ilici di i of the Eureka graben, strongly anomalous K occurs - Anomalous radioelement concentrations occur caldera and thelr low-to-moderate radioactivity is Geological Survey Bulletin 1391-E, p. E1-E126. ®
’ ' extensive mining. 8 . Fa show 8llg BB GEE" SIS DAL € raclogetive, ‘ess silicle Intermediate-composdtien where bedrock is mapped as Oligocene volcanic and  in the Animas River Valley, at and north of Eureka apparently  indicative of  their  generally -
» o ™

M(200)
MF_..
&

INTERIOR—GEOLOGICAL SURVEY, RESTON, VIRGINIA— 1982

g, GEOLOBIC
.9 RESTON, /9,

By &rar}
James A. Pitkin and Joseph S. Duval :
1982

For sale by Branch of Distribution, U.S. Geological Survey,
Box 25286, Federal Center, Denver, CO 80225




