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Abstract1

Galenaas from the major Creede veins and their northern
extenaiona are remarkably homogeneous in Pb-isotopic composition
and are too radiogenic to have been derived from any magma
comparable in composition to the principal volcanic rocks. This
pattern was identified by Doe et al. in 1979 who proposed that
the lead was derived from the Precambrian baaement. The
homogeneity of the ore leads, however, requirea a uniform
reservolir; an unlikely prospect for lead from the Precambrian
basement. We report on 16 new analyases of geographically and
paragenetically disperaed galenas from the Creede district and
other areas aas far aa 11 kﬂogo tasqnorth. The lead values range
569m 130272 to 19.060 for Pb/ Pb, from2ag.59§0&o 15.671 for

Pb/ Pb, and from 37.781 to 37.921 for Pb/ Pb. These
ranges overlap those previoualy reported for the main ore =zone.

Recent work allows uas to extend the resultas of Doe et al.
and to conaider alternative proceassea to explain the widespread
homogeneity and radiogenic nature of the ore lead: 1) David
Matty (persa. commun., 1986) has shown that some minor volcanic
units in the area have unusually radiogneic lead valuesa; magmas
comparable in composition to the units are a possible, though
improbable, asource of the ore lead. 2) The uniformity of the
iaotopic valueas of galenas may have resulted from homogenization
during an extensive potassium-metasomatic event that predated the
orea: this possibility is being tested in an on-going study of
feldapars from metasomatized and unmetasomatized rocks. 3)
Recent regional studies suggest the posaibility of a pre-
volcanic, NNW-trending graben syastem filled by clastic sediments
derived from the Precambrian basement, a proceass that would have
an homogenizing effect on the lead iszotopes. This interpretation
impliesa importation, deep within the Creede hydrologic system, of
fluidae from remote sources. Thease alternatives zhow that the Pb-
isotope aystematics may have a profound impact on the
interpretation of the Creede hydrothermal aystem, and that
further atudy is warranted.

lAbatract published in Rocky Mountain section meeting, May 1-2,

1987, Geological Society of America, Program with Abatracts, v.
19, no. 5, p. 275.



Figure Captiona

This is a liat of alidea uased in the talk. The alidea are
reproduced aas figurea in thia report. Slides 2, 5, and 16 are
identical, aa are slidea 9 and 12.

1. General geologic map of the central San Juan Mountains
caldera cluater (modified from Steven and Lipman, 1976) showing
the locationa of the La Garita, San Luia, Bachelor (B), and
Creede calderas and the location of the graben extending between
the San Luis and Creede calderaa. The box ocutlinea the general
area of the Creede district (Figure 2), the Bondholder diatrict
is shown with a croas.

2. General geologic map of the Creede diatrict showing the
locations of major atructurea. The dots locate samplea of galena
analysed in this atudy and a previoua atudy (Doe and others,
19795 .

3. 207Pb/204pb versus 206pb/204pb diagram showing the lead
isotopic compoasition of galenaa from the Creede district analysed
by Doe and others (1979). Samplesa from the Alpha - Coraair ayatem
are shown with closed agquarea, asamplesa from the main mining
diatrict are shown with open aquarea. Maximun error at 2 sigma ia
shown by large croas.

4. Summary of the reaults of lead isotope study of the Creede
district by Doe and otheras (1979).

S. General geclogic map of the Creede district showing the
locationa of major vein atructurea. The dotas locate samplea of
galena analysed in thias atudy and a previous atudy (Doe and
othera, 1979).

6. 297pp,%%%pp verasua 2%%pb/?%%pp diagram with the results of
new analyases of galena from the Creede district, the Equity mine
area and the Bondholder diastrict. Galenas from the Alpha-Corasair
vein ayastem are ashown with diamonda, galenas from the Bulldog, OH
and Amethysat vein syastems are shown with aquarea and triangles,
galena from the northern exploration area ia shown with an X, and
sampleas from the Bondholder diatrict are shown with croases.

7. General paragenetic sequences for the main mining diatrict at
Creede. Equivalent astages are shown for the Bulldog and OH vein
ayatems.

8. 207Pb/204pb veraus 206Pb/204pb diagram showing the
differences in lead isotopic compoasiton between different
generationa of galena and adularia. B = Stage II galena, D

Stage IV galena, A = Stage I adularia, * = no paragenetic
information.

9. Poaaible explanationa for the radiogenic and homogeneous
nature of the ore leadasa.



10. 207Pb/204pb veraus 20be/204Pb diagram comparing data for

galenas with data on feldapars separated from igneous rocks in
the area. Feldapars analysed by Doe and others (1979) are shown
with croasaea, feldaspara analysed by Matty (1986) are shown with
atippled field. Error baras are at 2-sigma level.

11. 208?b/2049b versus 206Pb/204pb diagram comparing data for
galenas with data on feldapars separated from igneocua rocka in
the area. Feldapars analysed by Doe and others (1979) are shown
with crosses, feldapara analysed by Matty (1986) are shown with
atippled field. Error bars are at 2-sigma level.

12. Possible explanations of the radiogenic and homogeneoua
nature of the lead compositiona.

13. Geologic map of Creede diastrict. Areas of extreme potassium
enrichment are shown with dota; Bachelor-age rocks are shown in
shaded pattern.

14. 207Pb/204pb versus 2069b/204pb diagram showing initial
results of feldaspar study. Analyasis of vein adularia ia shown
with solid aquare; all othera symbols are analyses of galenas.
Error bars are at 2-aigma level.

15. Geologic map from Baars and Stevenson (1984) showing
distribution of Permian arkosea, ahown in dashed, atippled,
dotted, and circled patterns, derived from Precambrian basement.

16. General geologic map of the Creede district showing the
locations of major structures. The dota locate samplea of galena
analyaed in this study and a previous study (Doe and others,
1979).



Introduction

Today I am going to talk primarily about the lead
iaotopic compoaition of galena from the Creede mining diatrict
and nearby areaa in the Bachelor and San Luias calderaas of the
central San Juan mountaina.

I will astart out by familiarizing you with & previoua atudy
of thease areasa because part of my talk drawas on data from thias
earlier atudy. In 1979, Bruce Doe and others published the firat
regional study aimed at underatanding the geneasis of ore depoaita
of the entire San Juan volcanic field. Included in that study
wasg a section on two mineral depoaits asasociated with the central
San Juan area - the Creede mining district and the Bondholder
diatrict.

The purpose of our atudy is to look more cloasely at
different generationa and occurrences of galena within the main
mining diastrict at Creede, and in the newly discovered northern
exploration area, and to conaider aome procesaes that may explain
the radiogenic and homogeneous nature of the ore leads.

I would like to atart by reviewing tha data and reaulta of
Doe’as atudy that relate apecifically to theae diatricta.

SLIDE 1: (General geologic map of the San Juan Mountains)

Thia alide showe the areaa that Doe and hia coworkers
atudied. They analysed aamplea from two main areas, the
Bondholder diatrict, which is located to the north in the San
Luia caldera on this figure, and the Creede district which ia
outlined by the rectangle on this slide.

Next we‘ll look at a enlargement of the Creede mining diatrict.

SLIDE 2: (Generalized geologic map of the Creede mining
digstrict)

For the Creede district, Doe and hia coworkers analysed one
or more galenaa from the major vein ayatema - the Solomon-Holy
Moaea vein to the east, the Amethyst vein, the OH vein, the
Bulldog vein, and the Alpha-Corsair vein aystem to the weat.

The reasulta of their atudy are shown with open aquarea on
the next slide.

SLIDE 3: (Lead isotopic compositions of galernas from the Creede
digstrict from Doe et al., 1379

This 207Pb/204pb versus 2Oepb/204pb diagram has the data of
Doe and others plotted with open aquarea. Analyasea for moat
veina of the main mining district and for the Bondholder diatrict
58EBLY FeBA R AE. e8P gBRER EoP0R AN 18 058R! BLYE PpEvWeen
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much more radiogenic than analyseas of the enclosing volcanic
rocka that were published in 1978 by Peter Lipman and othersa.

The three samplea which plot away from the main group were
all collected from mines along the Alpha-Corsair ayastem. These
galenaas have isotopic compoasitiona that are diatinct from thosae
of the main mining diatrict and the Bondholder diatrict.

The samplea studied by Doe and othera clearly show the
radiogenic and homogeneouas nature of the lead iasotopic
compoaitiona of galenaa from the Creede diastrict and the
Bondholder diatrict to the north.

The companion > Pb/20 Pb diagram showa the aame general
relationahipa among gge samplea analysed by Doe and othera and
emphaaizes the fact that the Alpha-Corssair samples have

diatinectly lower valuea of 206Pb/204pb and higher valuea of
208 b/204

P Pb compared to the main mining diatrict.

Theae data lead to the conclusions that are summarized on
the next alide.

SLIDE 4: (Conclusions of Doe et al., 1979

Firat, Doe and others propoaed that the homogeneousa lead
compoaitiona of the galenaas asuggeated that the lead waa derived
from a large, well-mixed reservoir.

They alao proposed that the radiogenic nature of the lead
precluded the posaibility that it waa derived from alteration of
volcanic wallrocks or from any magma comparable in composaition to
the expoaed volcanic rocka in the area.

Theae observations led them to conclude that the lead was
derived from the Precambrian basement by a deeply circulating
hydrothermal ayatem.

Laatly, the fact that galena from the Alpha-Corsair aystem
ia isotopically diatinct from galena from the main mining
diatrict led them to asuggeat that there were probably separsate
hydrothermal cells for the Alpha-Corsair ayatem and the Bulldog-
OH-Amethyat ayatemsa.

SLIDE 5: (Sample locations for the lead iscotope study)

In our astudy so far, we’ve concentrated primarily on the main
mining district, and thoae aamples are shown with solid dots on
this map. Sampleas were alao analyased from the northern
exploration area, the general location of which ia shown by the
dot near the Equity fault, and from the other localities in the
Bondholder diastrict which are shown with dots-and-arrowa and
would plot off the map to the north. Aa you can see, samples of
galena were taken from roughly along the strike of the main
faults of the Creede mining diatrict for a distance of over 11
kilometera.



New analyaes of galenas from theae sixteen localitiea are
shown next.

SLIDE 6: (New analyses of galena Trom the Creede district and
vicinity)

On thisa 207Pb/204Pb diagram I’ve plotted samplea from each
of the vein asyatems uaing different asymbola. Before I diacuas
the individual points, I want to emphasize that the moat notable
thing that thia plot ashowa is that galenaa from each of the veinsa
in the Creede area, with the exception of the Alpha-Corsair
syatem, have compoasitiona that cover almoat the entire range of
lead isoctopic compoaitiona 358gn oaoihis diagram. They all have
extremely 58§£orﬁoxalues of Pb/ Pb, and the same general
apread in Pb/ Pb. Now let’s look at the data for each vein.

The diamonda show galena anaslyses from the Alpha-Corsair
ayastem that I talked about earlier.

The iasotopic compositions of galenaa from the Bulldog, OH,
and Amethyst veinas of the main mining district are shown with
open saquare nd anglea. The samplea range from 1 72
19.049 for aogPb/ESJLPb and from 15.618 to 15.671 for §O?Pb/584pb.

Galenas from the northern exploration area are shown with an
X, and samplea from the Bondholder district are ahown with
crosgea. Theae galenas show almost complete overlap with the
ranges defined by valuea of galenas from the main mining
district.

A 2OSPb/204Pb plot of theae data shows easentially the same
relationahipas a0 I will akip that diagram and inastead, in the
next few alidesa, we will look at isoctopic differences between
different generations of galena.

SLIDE 7: (General paragenetic sequernce for the main mining
district at Creesede)

Thia alide sahowa the general paragenetic sequence for the

main mining district at Creede. It is divided into two parts,
one that deacribea the paragenetic atages for the OH vein and the
other describea the equivalent atagea for the Bulldog systenm.
All of Doe’s samplea were taken from D- or fourth-stage galena,
but, as you can asee from thias slide, galena also occurs earlier
in both veina, in the second or B-atage. In addition, adularia
and galena occursa in the earliest or A-stage.

Analyaeas of galena and adularia from these earlier stages
are shown next, in comparison to analyaea from D-stage galenaa.

SLIDE 8: (fmalyvses of different generations of galerna)

This slide shows the reasulta of looking at different
generations of galena.



The two B’as on thias diagram represent aamplea of galena from
the atage two or B of the Bulldog aystem. Theae can be compared
with moat of the data, identified with D’a, which are from the
fourth or D-stage. (The samplea shown with aateriaka are not
correlated with paragenetic astage).

The A on this slide is an analysia of adularia thought to be
from the earlieat atagg. £B4falls roughly at the extreme high
end of the range of Pb/ Pb values for the field of D-atage
galenaas.

Thease apparent differences in lead isotopic compoaition
among the stagea are very minor, only alightly more than twice
the analytical uncertainty. However, they do suggeat that more
thorough atudy of the different generationa of galena may be
uaeful in tracing the evolution of the lead isotopic compoasition
of the ore fluid.

Some alternative proceases to explain the unuasually
homogeneoua and radiogenic compoaitiona of the ore leads are
shown on the next alide.

SLIDE 9: (Alternative explanations for radiogenic and
homogeneous lead compositions)

We’ll first conaider the radiogenic nature of the ore leads.
Doe and othera initially propoased that the radiogneic lead wasa
derived directly from the Precambrian baaement. The recent work
of Dave Matty on the lead ayatematica of volcanic unita in the
area, part of which he presented thia morning, haa shown that
some volumetrically inaignificant unita have lead iaotopic
compoaitiona that reaemble thoae of galena and it’a been
auggested that these unitas or their hypabyassal equivalenta might
be a aource of the lead.

SLIDE 10: (Lead isctope diagram showing compositionsg of
Ffeldspars from volocanic rocks and ore leads)

Thia 207Pb/204Pb diagram compares the galena data, in
aquares, with data on feldapara from ignecuas rocka from the area
publiahed by Lipman and othersa, 1978, in crosaea, and the field
repreaenta common lead analyasea by Dave Matty of volcanic rocks
from the area. This field includea Dave’s moat radiogenic values
which may reflect alteration. The curvesa on this diagram are
average evolution curves of Doe and Zartman’a 1979 plumbotectonic
model; for reference the middle curve ias the curve for the
orogene.

206 Iﬂoaeneral, the galenas have morezsediogszic values of

Pb/ Pb, but comparable valuea of Pbé Pb. However, the
207 04 ,
galenas trend towaag 10385 values of Pb/ Pb with only a
alight change in Pb/ Pb.

There ia some overlap with galenas from the main mining



diatrict having the higheat valuea of 207Pb/204pb and the more

radiogenic pointa of Dave Matty’s data. Galenaa from the
Alpha-Coraair ayatem are contained entirely within the field of
Dave Matty’a data.

These pointa raise the possibility that the lead 58 the gyee
L. 8 2
and roc586m3y283ve had similar sourceas. However, the Pb/ Pb
versusa Pb/ Pb diagram shown on the next slide clearly

discounts the possibility that they may have had similar sourceasa.

SLIDE 11: (Lead isctope diagram showing compositions of
feldspars from volcanic rocks and ore leads)

The fielda on thia diagram are the same as on the previousa
alide.

Thia 208Pb/204pb plot clearly ashowa that the galenas from
the main mining district and the Alpha Corsair ayatema were
probably derived from a source or sourcea having a different Th/U
ratio that that of the volcaniec rocka. Esés déaaram also
ﬁgghaséass the restricted ranges of the Pb/ Pb and

Pb/ Pb that characterize the galenasa.

The moat likely proceas and source for the radiogenic lead
remaina, a direct derivation from Precambrian basement.

We will now conasider two possible causes of the
homogenization of the lead.

SLIDE 12: (Alternative explanaticrns for radiogenic and
homogeneous lead compositions)

In the first case, the uniformity of the lead isotopic
compoasition may be a result of an extenaive Bachelor-age K-
metasomatic event that predated the orea. And secondly, recent
regional studiea by Baars and Stevenson sauggeat the poassibility
of a pre-volcanic, NNW-trending graben ayatem which may have been
filled by claatic sedimenta derived from the Precambrian.

These posaible wayas of deriving the homogeneous compoaitionsa
of the ore leads are treated in the next three alidea.

SLIDE 13: (Vaolecanic rocks showing extreme potassiuam ervichment)

Thia alide showa the Bachelor-age rocks in dark gray and the
dota mark areaa of extreme potaaaium enrichment. The K-
enrichment is centered around the Bulldog, OH, and Amethyat vein
aystems which all have fairly similar lead isotopic compoaitionsa.
The Alpha-Corsair, which has a lead isotopic compoaition that is
diatinctly different from that of the main mining diatrict is in
an area that doeas not ashow the extreme K-enrichment. These two
observationa suggeat the possibility that the homogenization of
the lead in the main mining diatrict may have resulted from the
aame procesaea that caused the K-metasomatic event affecting some
combination of igneous rock, Permian, and Precambrian leadsa.



The lead samples from the northern exploration area and the
Bondholder district are similar in lead isotopic compoaition to
the main mining diastrict, but they occur in areaa that do not
have K-metasomatized surface samples. However, K-enriched rocks
may occur at depth.

The posaibility that the uniform ore leada were generated in
thia way is being teated in an on-going study of feldapars from
metaaomatized and unmetasomatized rockas in the area; the next
alide showa some initial resulta of that atudy.

SLIDE 14: (Imitial results of feldspar lead study)

The solid aquare on thia slide showa the resulta of a aingle
analyaia of vein adularia from atage 1 of the OH vein asystem that
will be used to compare with rock feldapara. (This ias the same
analyaia that was shown earlier as point A on alide 8). The rest
of the aymbola repreaent galena analyses. Vein adularia has a
leadzbgotog6g compoaition that falla at the extreme high end of
the Pb/ Pb ratioa of the galena.

Next, we’ll conaider the aecond poaaible explanation for
homogenization of the feldspars.

SLIDE 15: (Geologic map showing distribution of Permian arkoses)

Baara and Stevenson, in 1984, raiaed the posaibility that
Permian arkoaesa, derived from Precambrian basement, may £fill
rifts produced by late Paleozoic block faulting. The
distribution of theae arkoaea are shown in patterned areas on
this map. Such a mechanical mixing of various unitsa in the
Precambrian baasement coupled with wideapread leaching of lead may
have acted to produce a homogeneous and radiogenic lead
reaervoir. Thia idea impliea that fluida were imported deep
within the Creede hydrologic ayatem from fairly remote sourcea.

All of theae alternativea auggeat complexities in the lead
ayatematica that need to be more clearly defined and that may
have a profound impact on the interpretation of the Creede
hydrothermal ayatem.

SLIDE 16: (Gerneral geslogic map of the Creede district)

To conclude, we have shown that ore leadas from the main
mining diatrict at Creede, the northern exploration area and the
Bondholder diatrict are remarkably homogeneoua and radiogenic for
over 11 kilometera along atrike of the ore depoaita. Thia
character auggeata that the hydrothermal ayatem waa fairly open
to a uniform lead reservoir along it“a entire length at least
during the later atagea of ore development. And, this character
haa important implicationa for the hydrology of the ore fluid.

In addition, we’ve shown that minor variationa in the lead
iasctopic compoasitiona for different generationa of galenas may be

10



useful for tracing the evolution of the ore fluid, although the
amall magnitude of the changea will require a good paragenetic
base and extremely detailed and careful analytical work.
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