
GL04558 

PRECIOUS AND BASE METAL DEPOSITION IN AN ACTIVE HYDROTHERMAL SYSTEM, 
SULPHUR SPRINGS AREA, VALLES CALDERA, NEW MEXICO 

John A. Musgrave, INC-7, 
Norman. De~artment of Geosciences, New 

Me~ico Institute of Mining and Technology, Socorro, New Mexico, 87801 

Development of the Valles calder~ complex ,: ;"::i::'-
.l t1 .... "_..I 

Of limited extent began erupting near 
fii::?ld. At 1.45 Ma, catastrophic 

ignimbrite resulted in the 
of the Bandelier 

Tuff. A second major felsic pYl'oclastic e~uption of similar volume at 
1.12 MA produced the Tshirege Member of tne Bandelier Tuff and formed 
the now-exposed Valles caldera. 

Sulphur Springs is the most active surface expression of 
h \/' d r- c; t h ;=~. r- 1 n .:':3. 1 _;"'i, c: t i \/ i 1.: ~:./ i n t: ~l :=::'? i. • ./ a. 1 1 ;:7: .~:. i'~: ·3. 1 d e ,'- .:; ~".J i t 1-, rll . ..I. fill;': r- D U. ":3 hot '::. p 1"- i r"! q .~; ; 
mud is the si~e of Continental Scientific 
Drilling Program coreholes VC-2A and VC-2~. They were drilled i. n p -:'3. r- t 
to active hydrothermal system; a 
system which has been oper~tlng for 

gr~de mclvbdenite 

::1 rilj !~~ t:.~O 1. D q 1..= 

:::; c r- l 1'1 q .~-:; .~~ "';e" '::- t E-? iT"! 

'-.IT: U .. ::. U.·::\ 1 

Sulphur Springs ~as 
bv a vapor cap o~ 

several hundred meters thickness. SeioN th:s cap is a dilute. neutral-

::-:\ t t~; u J P /', i q-' 

i'l ;:: .:9. r- t h !::: 

hvdrothermal orioin. 

. . . 
p (:- ;"1 !·:0 t j- :3 ;.:: ~~. :~j 

_ stem, circulating crimarily 

sa0dsto~e and shale, 
sequences. Rocks cored 
those exposed wit~in and 
p I'~ e \/ i (1 I...I'::'~. ':;! i7? D the;" III :::t. 1 .:~-:;. n d 

8ntlre ~tr~tigraphic 

f ;'- .::; c t L r- i \-0; :J C f b Cr t h 
ha.·::; 

-o"!.i"1,:j 

en roc~ tvoE and elevatior 11 the Sulohur S~-i~gs system. 
ignimbrite sequence is strongly 
Inc; r-' Z 0 n :1. 1.~. i:'·;: 1 ~~. .~; :\. iT :L 1. .::;. '!- 1. t "/ ~~ '--I 0 ' .i J'.J h 



HYDROTHERMAL ALTERATIO~ 

Hvdrothermal alteration at Sulphur Springs reflects the intensi~~ 

brecciation and 
~~e Precambrian quartz monzonite ar~ 

eKtensively alte~ed, whereas the 
few exceptions, is unaltered. 
limestone of the Paleozoic 
hydrothermal fluids. 

':5c.f.r-f i c i -::.l . :~. 1- (J i 1. 1 i c 
~':;l. 1. f...f. i-I i t: t7.1 ;l ,,,.U.l. fu'-' 

shales and the marbleized 
:3.qu i ti:i.1'-d 

is characterized by _ 
Illite, montmorillonite . 

1.€-?·:::.·:::.e\-· amounts of gypsum. 
alunogen (A1 2 (S04)s"17He O), halotrichite (FeAl e (S04)4"22He O), rozenite 
(FeS04"4H e O), and szomolnokite (FeS04.H e O). Below this surficial 
a.l b:? r- .:,.,\ tID n , q i.). ,;:I.\'- t :~ .. _.,,;€.? r- i c i b,:?"'-p /T i t: E:' ]. '::; t h (? P i-,:?d 0 m i n~3. n 1; '':''1.1 1;.:;21'- ,'::'. t i ():, 
assemblage. This assemblage extends to about 165 m in VC-2A and 300 m 
In VC-2B. Sericite-chlorite alteration is dominant in the remainder of 

lfl thf.0 
p ; .. -:= p "~'/ 1 i tic 

Sulphur Springs system the 
( c:h 10 r- i t I'·~·--C .3.1 c i t:':?·--,:~p i do t C:c'" 

but 11'1 intensely ~ractured regions of the Precambria r 

~he quartz monzonite is 
The proP/litic assemblage in the Pe n 0sylvanian section contains varyins 
amounts of illite, chlGri~e, epldote, ~air2kite, kaolinite, calcite 21 
"j- (:.:~ c t .=1 r" i t ~;~\ .. 



VEIN MINERALIZATION AND P~P~3ENESIS 

X-ray diffraction, In 
app~o~imate decrea~ing volumetric abundanc~ within a parti~ular vein, 
t h e"= 2 {D i 11 t:: r' .:'4, l':-~' .:~ i-;;'::: q u .. ::\' r' t z <: ~:.; ~-. 1. ()() ~f~ ) C _:'4, 1. C ~ t: e <: l~:-' 1 ()()~:~ ) :- f 1. uor' i 1.;e 

epidote 
<: 1. -.-

100% illite/illite-smectite ({i-BO%). chl~rite (1-30%), ( i-~ 
hematite ({1-10X) 1 

~1-5%). rhodoc~~Dsite ({1-5%), 
amoun~s of chalcopyrite, galena, pyr2~gyrite, stibnite, chalcocite, 
adule-ia, albite, kaolin~te, wairakite. Fe-dolomite, barite, and a 
bismLth telluride (tetradyamIte?). Most velr minerals form fine- to 
coarse-grained intergrowths of subhedra! to eUhedral grains. Small (0.5 
to 1 mm) epitaxial cappings of euhedral sulfides 
terTi~ations of quartz and calcite. Vein fillings 
~he entire fracture filled to partially filled 

can be complete with 
\.~ i. ttl 

of mineralization recognized in VC-2A: Stage I 
charecterized by euhedral .-~ .-.' ~ ~- .--. 

'_..i '==. _ '.' '.-:: " 

The chlorjte and early rhodochrosite of this stage are found 
oeepe- In the corehole, molybdenite zone. 

St2ge TT is characterized ty euhedral to subhedral 
qu~r~~ and calcite, 1 " .'- .--. 

. t. -:::r. _" '::.: 

~lthough drilled m from VC-eA. VC-2B penetrated none of 
the _~Lsual molvbd0nite mineralization founa 1 ~ the shallower corehole. 

j i·:: t . ;-"~: t v!~~"" t 1. c.'::'.l. 
~.= l:~'," "'. 4~ 1 () n',; H j 1; h 
D·::':;. r- .;:..c;_ --: E? ": --i (7? ':3 :L "::5 D -(=' 
. -

and P!r2rg~rite occur at hiaher 
sulfid23 confire~ !. E~ \/:::.: 1- .::- 1.: 

VC-2A, but thE ore 



GENERALIZED PARAGENETIC DIAGRAM, VC-2A 

EARLY LATE 
STAGE I STAGE II 

QUARTZ 

CALCITE 

CHLORITE 

ILLITE/PHENGITE 

ADULARIA 

ALBITE 

FLUORITE 

RHODOCHROSITE 

PYRITE 
? 

SPHALERITE 

MOLYBDENITE 

GALENA 

CHALCOPYRITE 



QUARTZ 

GENERALIZED PARAGENETIC DIAGRAM, VC-2B 

EARLY 

CALCITE 

FE-DOLOMITE 

CHLORITE 

ILLITE-SMECTITE 

ILLITE 

LATE 

KAOLINITE -----

WAIRAKITE -----

FLUORITE ---------

RHODOCHROSITE -----

ANHYDR I TE ------

BARITE 

HEMATITE 

ADULARIA (7) 

(?) ALBITE 

EPIDOTE 

PYRITE 

PYRARGARITE 

SPHALERITE 

CHALCOCITE 

CHALCOPYRITE 

STIBNITE (7) 
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TRACE ELEMENT STUDIES 
Trace element studies were conducted in o-der to see if the Valles 

hydr~thermal system followed the same el~mental zonation observed in 
oth8r active geothermal and some fossil hyd~~thermal systems. Th i r·· t y.'. 

fou~ whole rock samples from VC-2A and 2~ whole rock samples from VC-
2B~ and thirteen vein and wall rock sections from VC-2A were examined 
for thelr trace element content ~sing the Los Alamos nuclear microprobe 
-fa c iIi t;/ (F' I X f~::< • 
I,~ n t i \.- ,,;,> d r- i 1. 1 €-':! d 

The whole rock and c:o\./e~-I~~d t:hE7 
interval in VC-2A, from 30 m to ~15 m. In general, ~ne 

trace element chemistrv follows the trends noted other systems with 
the volatile elements and goid enriched l~ the highest elevations of 
the system along with gold and base metais show a crude increase with 
d:-:7.lp th ~ Molybdenum is confined mostly to the upper 165 m. 

Mo was deposited early. 
that pyrite In the 
pyrite. ThlS data also 
.,::l.nci 1 .. :~. t I~? r~ 

()f the vein fillings in VC-2A indicates 
of vein a·,d wall rock pyrites 
is mo~e enriched in Mo than the 

th.::! .. 1.; 

':::.h0 V·J 
'.It:' '!. n 

suggests that the 00 was early paragenetically, 
stages were net 0S enriched in Me as the early 
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FLUID INCLUSION STU0IES 
Nearly 700 ~luid 

'~;p h .=. : e ;"- i t;~? h.::?. \/':? 

[::(1 i ~-d iC~::4.t,'.·'.· th"!.t 
be'::~il 

the sulfide deposition tC)O k 
t l:""7l"il;= 7.? ':- E;l. 1.~ U.l-l:?·5 0 f fluid not unlike the present 
C,.3.'~./ CD jTipD '~:i- i t i Dr! C1f the hydrothermal 

deposited from the 
flu.id. Th t-? ,TiO 1. ··~./b d t:? 11 i t f? 

d i 1 c{ tE' flu.i.d but ",j; .::'. 
sli;-tly cODler temoerature, 220-230D C. The salini~y vs homogenization 
temperature plot shows tWD populations Df inclusio~s both of which have 
abou~ the same homogenization C) U.'':: differing salinities. 
Thess inclusion s~mOles are from the higher elev3tiDns of the systEm~ 
.:~.nd t h i ~::; to gas contents 0; 

result of boiling. Gas analysis OT inclusion fluids 
alsc indicate high gas/water ratios for these samples. 

mass soectrometry 
data from ~~-2B also 

incJ.u·si.on~:;; b'~.(t these diffe~ences 3re due to fluids of 
different compositions. ~:;u. l phi ... '. r" 
stac~ ad hydrothermal system with a cooler; dilute ~luid circulating In 
the ~olcanic section and hotter, more 
Penrsvlvanian and Precambrian section with the PE-mian redbeds acting 



Frequenc~ HistoQram of Ho~)qenization 
Temp ~rature; VC2A QTZ~ CC~ SL 

..... .... ...... .... .... .... : ... .... ... \ 1 
.. :.3 
: ~ 
: j 
.:j 

- ..~ 
[1 t ~. , I = ' ~---;' .J 

160 200 240 280 320 360 
HOMOGENIZATION TEMPERATURE~ DEGREES C 

SALI NITY vs TEMPERATURE . VC2A PRIMARY 
ItWLI I:=:II·'N:=; · (Ii V'F'T '" ,-:"L,-:lTE ::::pLl'Lr:~'l F _ _ _ _ _ . . . _ H , ~ ~ _ H _ ~ _ ,H _ I". _ c. 

G i, r ' ~-~~' . ~7' :~-: '1 

2i 5 .: . . . . . . . .. .. c . . . . ·:QO' · · · · ······ . ' ' ,' c· ··· ':' -i 
...t-: (I : -' 

-. ~ : a g : ~ 

~ : ~~ ••••••••••.•• ~ •••••. ;~< ••• •••••••• ••• ••.• •••••• ""'" '.' 1 
j..:: -': : r8 a 8 : a ' . 

3:: : 8 a : 

.... . - , 
;- ~ 
r-
H 
~ ...... ...... 
.-J 
<I 
if! 

~j 

.. ' 
. D D a g·D 

. , . ,. ~. , . .. , .,;a~·,: ... " " " " . . :' ... , ... , . ... : . .. .. . .. . 
. a 

a aa 
1I a 

D . DaD 
. ag .. ... . " . ... a q, . .... ... .. .... .. .. . .. .. 

',p 0 :0' til 

~a ria Q' a a :a d: a ad' aa a aa a a . 
ttl a rQ:. D D :a o . .. . . . . . .. :, ' D .... . . . . . . ' .. 0 . . ,' il- .• . . . DO ..... "'---____ -1---."""'--_ ........ _ 

170 ~~u 230 ~~~ 290 320 
HOM OGENIZAT ION TEMP ERATURE. DEGREES C 

Frequency Histogram of Homogenization 
Temperature, Primary Inclusons, VC2B 

50 r"'~~' ",~T 

0 ' :0 L,EL , "'"",, 
I 

: l 
. 1 

,_, .. ·.k1 f- .... , . . . .. . , .. . 
c - - ~ : 

. . . . . , . . , .. .. . .. ... . . . . . . . ... . . . . .... , . . . " :' 1 

: i ; t : 
,..,. ' . 
; ~ . 
'J.' '~'~71 r ...... .... .... . . ~- . 
4= : 

.. ...... .. .... · .... ··i 

1+ -
~ : 

C1 t I ~ 
1':"7. '_'~_I 220 ~~~ 300 

HOMOGENIZATION TEMPERATURE 

PLor OF SALItlITY vs lEMPERArURE 
PRIMARY INCLUSIC~S, UC2B 

340 

~ : r['-~~-~ q'~~~ 
((; ~: : j 
:z 4 L .: ..... ... . .... : . . .. . . . .... . : ........... ~ .. ~ .~ .. D 

•...• ~. . D' lEI . - ~ . . . 

r- t· · • _ . c a 

: 3 [' .\ ... . . .. ... . . . ( . .... .. . . .. ... . .. ... ... .. :. ~ ·aD. ~ . D~: . 'L,,' ..... .... . ~. 
r- . . . o . ~ . 0 • 
....... . . . a. . 
7' ."::. ,' ............ .1' •• • • •••• • • • • ,' •• • • •• •• •• •• .& 0 .....• D .. . . ' •...•• • ••••• ,' , 
- -. . . . aD· . 
H · . . . . . 

~ r~: a D 

((, 1·: .. , ..... " . . .' . . . . . . . . .. . . . .. .. . .. . . . . 
· . . 
· . 
· . ~o· 'j r : .~ :tpll. - . ,; 

r·. q "'0 . o t- .; ... ..... : .. . ~~1) .:.~_: .; ... ... ~ , .. ;.. .. I ' .~~ 

180 210 240 270 300 330 
HOMOGENIZATION TEMPERATURE~ DEGREES C 



::r, 
u 
C 
'11 =; 
cr' 
'I, 
:;.. 

'11-

,-1 

(J 
PI;; 

:z: 

Frequenc~ HistoQram of Homoq@nization 
T@m~erat~ri~ Fl~orite,-VC2A 

: -1 

.. : ~ 

\J 
.. ..•......... ....•. ~ 
~1 
It. _____ :L.J 

160 180 ~~u 220 240 
HOMOGENIZATION TEMPERATURE~ DEGREES C 

PLOT OF SALINITY vs TEMPERATURE 
FLUORITE, VClA 

.... a ......... -o .... O·~D· a 
. .::.'-~....... 0 o· 0 i 

- . a . ~: ·0 0·0 OJ , Q;~': '0 III '""""""". "",,. : w . . .-. ;········1 
c'·: ... ~ ~ . i 
~ . . 

::; . 0 0; ... :.~ 
a ."". . j .r- :" .: ................ ; ...... a _ : 1- j ~.:-............. .. 0 ; 

..... . a. z • . -~ 

.-1 
'I 
if) 

• D II II • ~ 
." a DO : I 

" :m" ".:~ at ....... .oQo • . . ..•. ' ........ II· .. : ... [ ~1 t··"""" I - ! 

aD 
II 

150 170 190 210 230 
HOMOGENIZATION TEMPERATURE, DEGREES C 

Freq~enc~ Histogram of Homog@~!zation 
Temperat~re~ Fluorlte, Vl~B 

1~::1 t-- ............ : ............ : ......... , ... : ............. : ............. :. 

t 
:::f- .. · ... · 

i- . 
• I- . , . 

~ I. 
_01 t' r . 
!::: .':.. r-':'" 
L L . 

~: I: 

;:;. I-~: t 4 .:". 
+ . 

: -i 

~.~ ... j' : [ ...... ;n: ········I··.,········· .. ,j 
-~--'-..-........ I I • I! • .t.---L .... I.. I 

180 190 200 210 ~lU 230 
HOMOGENIZATION TEMPERATURE, DEGREES C 

PLOT OF SALINITY vs TEMPERATURE 
FLUORITE, VC2B 

;; 0.75 r'····='·· .. ·······' .... '..j 

f ~ • .. · · : j 
- .~ r ~ _.' ~.:1. '~"_' ~':""""""'. . ......................... .' ............ .' ............ .' 

H t' =, : 
c; I : w .... . 
:"': [1.55 ....... , ...... , ... , ... , ...... ' .. , ............ ' .... , '" ...... . 
f-
3: 

::-
f- -
H ;.:.1.45 
Z 
H 

........... , ..................... , .. , .. , '.' .. , ........................ . 

-.J 
':I 
((I 

(1, :35l~:· ";" """:" .;".: '.:..:.:..:.' /"'"'''''' .;".:":",, "j' 
180 184 188 192 196 200 

HOMOGENIZATION TEMPERATURE, DEGREES C 



The Sulphur Springs hydrothermal J ... _ .i_i.. __ _ 
! ... U l,.ll::.::.' 

tid f...~ 1.::\, \_. J . . ~:\ -- ~:;f.:-: " .. i cit t-.? t: \~/;J €~ C 1-' e d ep 0 .~::. ito 1" t·i.:~. \·-8 E\ Eo? 1,; .::l. 1." (J. c;'E;~~.; ) 1 j"\ Cl'·:':l. \-i '~/ 

respects except that no significant economIC mineralization has been 
discovered to date. 

The subore grade molybdenum mineralizatl~n in VC-2A may represent 
a high level expressioll of a deep Climax-type molybdenum deposit. 

Fluid inclusion data indicate that the v?por-dominated ?ortion of 
the system was once liquid-dominated with 
The Th and salinity data from shallow depths, -Qwever, suggest that tne 
system must h0ve been overpressured or the ~'/drostatic head w~s great 
for the fluid to remain on the boiling poin~-depth curve. GeolOGic 
evidence indicates that a caldera lake was p~2sent at Sulphur Springs, 
which would have supplied the necessary hydrostatic head for the system 
1; 0 r' 'f-:" CIl·::1, i i-j :::"J nth ~:.::, c i..l r- \,/;:-?: '" 

The Sulphur Springs hydlothermal 
system ~ith temperatures Df abol!t 230D C and salinities gener~lly less 
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in t:hf:? vDlcanic section and 

Pennsylvanian and Precambrian section. 
actinq as an aquitard. 
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