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APPENDIX A 

DETAILED LITHOLOGIC., STRUCTURAL., HYDROTHERMAL . ALTERA­
TION AND VEIN MINERALIZATION LOG FOR CSDP COREHOLE 
VC-2A, SULPHUR SPRINGS AREA., VALLES CALDERA, N. MEXICO 

by 

.Jeffrey 8, Hulen! if .Jamie N Gardner2 
!-UNIVERSITY OF UTAH RESEARCH INSTITUTE, SALT LAKE CITY, UTAH B4!()B 
2-LOS ALAMOS NATIONAL LABORATORY, LOS ALAMOS, NEW MEXICO 87545 

SYMBOL 

ROCK TYPE OR 
FEATURE 

= ___ . NON- TO WEAKLY WELDED ASH-FLOW TUFF 

.....mip";I __ -/V/L/l-'CI<ATELY WELDED ASH-FLOW TUFF 

~~21_-DENS.El Y WELDED ASH-FLOW TUFF 

ITHIC-RICH ZONE IN ASH-FLOW TUFF 

_LITHIC LAG BRECCIA IN ASH-FLOW TUFF 

_MOTTLED DEVITRICATION TEXTURE IN 
~~~I ASH-FLOW TUFF 

CRYSTAL'-RICH HORIZON IN ASH­
FLOW TUFF OR PYROCLASTIC SURGE 
DEPOSIT 

-HYDROTHERMALLY PITTED/ETCHED ZONE 

PYROCLASTIC SURGE DEPOSIT 

EPfCLASTIC SANDSTONE 

.~~--------ACCRETIONARY LAPILLI 

~ACCRETIONARY LAPILLI TUFF 

~ DEBRIS- FLOW A ND LANDSLIDE DEPOSITS 

~~[t>J:l~-HYDROTHERMAL BRECCIA 

. --FAULT BREC CIA 

VC-'2A: EXPLAN ATION OF LITHOLOGI C SYMBOLS 

SEPT.-OCT. 1986 
REVISED DEC. 1987 

FOR U. S. DEPARTMENT OF ENERGY- OFF ICE OF BASIC ENERGY SCIENCES 
AGRE EMENT NO. DE- FG02-86ER13555 
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INTENSITY 
CATEGORY 

WEAK (W) MODERATE (M) STRONG (S) 

OUARTZ-
ORIGINAL PLAGIOCLASE ORIGINAL PLAGIOCLASE ORIGINAL PLAGIOCLASE 
PARTIALLY SERICITIZED. >50% SERICITIZED. COMPLETELY SERICIT/ZED. 

SERICITE ORIGINAL K-FELDSPAR ORIGINAL K-FELDPAR ORIGINAL K-FELDSPAR 

(PHYLLlC) ~ 10 % SERICITIZED. 10-50% SERICITIZED >50% -.5ERICITIZED. 
GROUNDMASS <10% AL- GROUNDMASS 10-50% GROUNDMASS >50 % 

ALTERATION TERED TO MICROCRYS- ALTERED TO MICRO- ALTERED TO MICRO-
TALLINE QUARTZ-SERI- CRYSTALLINE ClUARTZ- CRYSTALLINE QUARTZ-
CITE AGGREGATE. SERICITE AGGREGATE. . SERICITE AGGREGATE. 

GROUNDMASS ~10% GROUNDMASS >10-50% GROUNDMASS >50% 

SILICIFICATION ALTERED TO ESSENTIAL- ALTERED' TO ESSENTIAL- ALTERED TO ESSENTIAL-
LY MONOMINERALIC LY MONOMINERALIC LLY MONOMINERALIC 
MICROCRYSr. QUARTZ. MICROCRYSTALLINE QTZ. MICROCRYSTALLINE QTZ. 

ORIGINAL PLAGIOCLASE SAME AS WEAK COUN- SAME AS WEAK. COUN-
<10% ALTERED TO TERPART EXCEPT PLAGIO- TERPART EXCEPT PLAGIO-
SERICITE, MINo.8 CHLO- CLASE 10-50% AL- CLASE >50% ALTERED, 
RITE AND PHENGITE. TERED, GROUNDMASS GROUNDMASS >50% 

CHLORITE- ORIGINAL K-FELDSPAR 10-50% ALTERED, ORI- ALTERED, ORIGINAL 
UNALTERED. ORIGINAL GINAL K-FELDSPAR K FELDSPAR<20% 

SERICITE MAFICS ALTERED TO FRESH OR <10% SERICITIZED. 

ALTERATION CHLORITE d: CALCITE, SERICITIZED. . 
PHENGITE, LEUCOXENE. 
GROUNDMASS < 10% 
ALTERED TO MICRO-
CRYSTALLINE AGGRE-
GATE OF SERICITE WITH 
CHLORITE, PHENGITE, 
CALCITE, AND (BELOW 
420M) ALBITE. 

CALCITE 
~10% OF ORIGINAL 70-50% OF ORIGINAL >50% OF ORIGINAL 

AFTER PLAGIOCLASE ALTERED PLAGIOCLASE ALTERED PLAGIOCLASE ALTERED 

PLAGIOCLASE TO CALCITE. TO CALCITE. TO CALCITE. 

DISSEMINATED 
~1% 1-5% >5% 

PYRITE' 

FRACTURING ~10 FRACTURES/M 10-30 FRACTURES / M >30 FRACTURES /M 

VEINING AND ~10 VEINLETS / M d: 10-30 VEINLETS/M d: >30 VEINLETS /M :r: 
VUG-FILLING ~ 7% (":,OL.) VUG-FIL- 1-5% VUG-FILLlNG* >S% VUG-FILLlNG* 

LING PHASES PHASES. PHASES 

* HYDROTHERMAL 

VC-2A: EXPLANATION OF ALTERATION, FRACTURING, AND VEINLET INTENSITY 
LOGS. 



VC-2A:ABBREVIATIONS 

AB--albite 
ACCR--accretionary 
ACC--accessory 
AF - -ash-flow 
AGG--aggregate 
ALT--altered 
ALTN--alteration 
AND--andesite 
ANH--anhedral 
APP--apparently 
AVG--average 
BX--breccia(s) 
CAL--calcite 
CALC--calcite 
CH--chlorite 
OIL - - chlo ri te 
CHLTZD--chloritized 
CM--centime ter(s) 
COMP FOL--compaction foliation 
CPY--chalcopyrite 
CRS--coarse 
DEF--definitely 
DIA--diameter 
DISS--disseminated 
DK--dark 
DW - -dens e ly welded 
E G.--for example 
ESP - - espe c ially 
EUH--euh e dral 
EXC- ~ except 

F--fine 
FL- - fluori te 
FLUOR -- fluorite 
FLD - -fluid 
FM -- formation 
FSP -- feldspar 
GEN - -generally 
GR -- grained 
HYD -- hydrotherma l 
HYDROVOLC-- h y drovo l can i c 
IL - -i lli te 
IN C- - inclu si on ( s ) 
INTM - - int er me di at e 
IRREG- - irr e gular 
K--po t ass ium 
KF -- pota ss ium f e ld s p a r 
KFSP -- potassium feldspar 
LAP-- l apil l i 
LEUC--leucoxene 
LIMEST--limestone 
LST - -least 
LT -- light 

-A3-
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M--meter(s) 
MED--medium 
MICROXLN--microcrystalline 
MM--millimeter(s) 
MO--molybdenite 
MOLYBD--molybdenite 
MoS2-- mol ybdenite 
MOD--moderate 
PH--phengite 
PHENG--phengite 
PL--plagioclase 
PLAG--plagioclase 
POSS--possible,possibly 
PPY--porphyry 
PPYTIC--porphyritic 
PR--primary 
py--pyrite 
Q--quartz 
QTZ--quartz 
REL--relatively 
RH--rhodochrosite 
RHODOCHR--rhodochrosite 
RHY - -rhyolite 
SEC--section 
SEQ--sequence 
SER--sericite 
SL--slightly 
SLTST--siltstone 
SP--sphalerite 
SPH--sphalerite 
SPHALER--sphalerite 
SS--sandstone 
SUBH--subhedral 
TRANSL--translucent 
TR--trace 
V--very 
VAP--vapor 
VNLT -- veinlet 
Wj--with 
WOj- -without 
WT--weight 
XL- - cry s t a l 
XLIN E- - crysta lline 
xLN-- crys tal l i ne 

SYMBOLS 
¢ - -a nd 

"'" -- abo u t 
1: -- angular 
> -- grea t er tha n 
<--less than 
± --wi th or wi thout 
.J.... - - perpendicular 



VC-2A: DEFINITIONS, 

Illite--White or nearly white, clay-grade, essentially non-expandable 
potassium mica-like mineral similar to muscovite but with less po­
tassium, more ~ilica, and more bound water; may contain up to 5% 
interstratified smectite, an amount not readily detectable by 
routine X-ray diffraction. 

Phengite--Brown to (characteristically) vivid gray-green, iron-rich 
illite analogue 

Sericite--A'general term encompassing both illite and illite-rich, mixed­
layer illiteismectite 

Smectite--Fully expandable, mica-like sheet silicate with charge deficien­
cy of O.2-0~6 per formula unit balanced by various interlayer cations 
(typically calcium and sodium) which readily adsorb water or polar 
organic molecules (such as ethylene glycol) to produce the characte­
ristic expansion; commonly interstratified with illite to form par­
tially expandable mixed-layer clay. 

PAGE 4 OF 11 

Leucoxene--White to light grayish-yellow, microcrystalline aggregate of 
sphene and anatase in various proportions with or without minor rutile. 

-A4-
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Figure 5. The plot for measuring the smectite:illite ratio, based on the angular distance t.d2 between reflections in 42°-48% 
region. The reflection between 42" and 45% is used to select the proper thickness of the ethylene glycol complex for smectite­
dominated compositions. Dashed'parts of the curves represent the composition range beyond which 2ld2 cannot be measured 
because of merging of analytical reflections. 

First, it can be noted that a reflection occurs between 
S.2° and 8.7°2(} (at 6.44°2(}), therefore the sample is or­
dered to some extent. An initial percent smectite is then 
determined using the "IS" curve in Figure 5A, yielding 
a value of 41% smectite. Using this value the degree of 
ordering can now be determined from Figure 6. 6.d l = 

3.29°, and 41% smectite yields a value close to V2 or­
dered (see Reynolds and Hower, 1970, for a discussion 
of degree of ordering). A return to Figure SA allows a 
value of 43% smectite to be determined for 6.d" = 3.20 
and random interstratification. Interpolation half way 
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Figure 6 The fJ1l)t for c,~tim;ttinn l)f the dcgrct.~ (,r (1rdcrine 
U sing the initial value of percent smel·tite obtained using picllS 
in Figllrn ~, 7, or g :tnd the angular di<;tance ~d I betwccil tlte 
rclkction:. ill the range !O"-5"~o. The: \laci~itinn', in ~ II ;1": ;\f­

fccted hy the thicknc"" of the ethylene glycol-sInce tc ({)I11-

p!c\ anu dO[l1:lln '>llC ddfC'!-C'rK'c\ arl~ \h\.)\l,i n for nu\ mllm IS 
~).rdl'nf1g [0 iiithrr;tfC tf1l'i! innUl'n--.:C. All t.)rhcr wert: 
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between the IS ordered and IS random results in a final 
value of 42% smectite layers. 

The thickness of the ethylene glycol complex layer 
can now be determined from Figure 58 as approxi­
mately 16.8 A based on the peak spacing at 44.0002() and 
the percent smectite of 42%. 

Method II 

This method uses, for most of the compositional 
range, the stronger of the two reflections between 42° 
and 48°2(} (the 42° -45°2() migration peak) and the strong 
reflection that migrates from about 26° to 27°2(}. The 
determination is slightly affected by domain size and 
strongly affected by the manner of interstratification 
and the ethylene glycol-smectite layer thickness. Fig­
ure 7 shows the migration curves for these reflections, 
calculated for 1-8 layers for the randomly and ordered 
interstratified cases, and for ethylene glycol-smectite 
layer thicknesses of 16.6, 16.9, and 17.2 A. The figure 
also includes points of the migration curve for domains 
of 1-14 layers and an ethylene glycol-smectite layer 
thickness of 16.9 A. It can be seen from these points 
that the domain size effect is apparent, but minor. Fig­
ure 7 include,,; an additional cllrve at low smectite con­
tents for the 17.2-A, ethylene glycol-smectite complex, 
il:,ing the peak th:!t l11igr~.r(', fnHll 4') to 48°:'11. The 
change to lIsing this peak is c:tllv:d ily the fact that the 
--1::>_45°211 peak is weak in the i7.2-A, ethylene glycul­
srnc'ctite compicx and cannot he re'ol v"ti at low SllleC 

lite contcilh. 
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DETERM I N I NG SALI NIT I ES OF FLU I D I NCLUS IONS -o.1t=-. 0'701 '/ It 

A. " Freezing Data 

When a fluid inclusion has no daughter sal~s, salinity may be 
approximated by using the following formulas: 

wt % NaCl equivalent = 1.769588 - 4.2384x--lO:-
2()2 + 5.2778 x 10-

4
8 3 ± 0.028 

molality NaCl equivalent = 0.306048 - 2.8598 x 10-
3

8
2 + 4.8690 x 10-

603 ± 0.007 

o = Temperature in °c at which last ice crystal in inclusion melts. 

-;{D, 'it °C < e < OOG 

Reference: Potter, Clynne, and Brown, 1978, Freezing point depression 
of aqueous NaCl solutions: Econ~ Geol., V. 73, p. 284-285. 

B. Salt Dissolution Data 

tfuen daughter salts are present within fluid inclusions, by. noting 
the temperature at which the last bit of salt finally dissolves, 
salinity may be determined. 

1. If only halite is present: 

wt % NaCl equivalent = 26.218 + 0 . 0072t + 0.OOOl06t
2 

± .05 wt % NaCl 

Reference: Potter, Babcock, and Brown, 1977, A .new method fo r determin­
ingthe solubility of salts in aqueous solutions at elevated 
temperatures: Jour. Research U. S. Geol. Survey, V. 5 (3), 
p . 389- 395. 

2. If both . hal ite and sylvi te are p r e s e nt and the t emper a tures 
at wh i ch e a c h salt crystal fi nally disapp e ars is n o t ed, t hen 

wt % NaCl + KCl equivalent 

is determined by using the chart in Figure 7 as explained 
at the bottom o f the figure. 

Reference: Roedder, 1971, Fluid inclusion studies on the porphyry - type 
ore deposits at Bingham, Utah, Butte, Montana, and Climax, 
Colorado : Econ. Geal., V. 66, p . 98-120 . 
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