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This research was undertaken t o  cha rac t e r i ze  t h e  la te  Cenozoic volcanic  

rocks assoc ia ted  wi th  a c t i v e  geothermal sys tems i n  west-central  Nevada. This 

cha rac t e r i za t ion  w i l l  s e rve  as a model for comparison with f u t u r e  explorat ion 

t a r g e t  sites t o  eva lua te  t h e i r  geothermal resource po ten t i a l .  

The Division of Earth Sciences, UNLV, u t i l i z e d  petrographic and micro- 

probe, geochemical and i so top ic  ana lys i s  and age da t ing  techniques t o  charac- 

t e r i z e  these  young volcanic rocks. These d a t a  were combined wi th  the  l imi ted  

d a t a  previously reported i n  t h e  l i t e r a t u r e  on these  same volcanic  areas t o  in- 

t e r p r e t  t h e i r  petrogenesis.  The o v e r a l l  cha rac t e r i za t ion  r e su l t ed  from in te -  

g ra t ing  the  petrogenesis  with a s t ruc tu ra l - t ec ton ic  model of t h e  region. 

Potassium-argon isotopic ages ranging up t o  14 mi l l i on  years were de te r -  

mined for e igh t  locatities wi th in  t h e  Reno 1 x 2' study region. These ages are 

cons i s t en t  with the  morphology of the  volcanic  landforms, the  a c t i v e  geothermal 

systems assoc ia ted  wi th  them, and wi th  o the r  i s o t o p i c  ages reported i n  t h e  lit- 

e r a t u r e  for these  and similar rocks wi th in  the  study region. 

Petrographic  ana lys i s  of hand specimens and thin-sect ions ind ica ted  miner- 

a log ic  assemblages of the  respec t ive  rock types and s p e c i f i c  mineral  t ex tu res  

and phenocryst compositions and c h a r a c t e r i s t i c s .  These i d e n t i f i c a t i o n s  were 

f u r t h e r  subs tan t ia ted  by microprobe ana lys i s  of s e l ec t ed  phenocrysts and 

groundmass phases. C l a s s i f i c a t i o n  of t h e  r e spec t ive  rock types was a l s o  based 

ou chemical composition and normative ca l cu la t ions  using t h e  program PETCAL. 

Basa l t ic  andes i t e s  are I i d e n t i f i e d  and descr ibed for  Steamboat H i l l s ,  Table 

Mountain, S i l v e r  Springs,  Churchi l l  Butte,  Cleaver Peak, Desert Peak and Carson 

City sites. Basalts are i d e n t i f i e d  and described f o r  McClellan Peak, Rattle- 

snake B i l l ,  Soda Lake and Upsal Hogback. S i l iceous  rocks are i d e n t i f i e d  and 
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described f o r  Steamboat H i l l s ,  Desert Peak and Upsal Hogback. The s i l i c e o u s  

rocks a t  Desert Peak, descr ibed by previous workers as Pl iocene andes i t e  flows, 

are redefined by t h i s  study as r h y o l i t i c  ignimbri tes  t h a t  are Miocene i n  age. 

Reversely zoned p lag ioc lase  phenocrysts and p a r t i a l l y  resorbed quar tz  pheno- 

c r y s t s  were i d e n t i f i e d  i n  thin-sect ions of samples from Steamboat H i l l s ,  Soda 

Lake and Upsal Hogback. 

Petrochemical ana lys i s  of t hese  volcanic  rocks f o r  major and minor element 

chemistry and for  s t ront ium i so top ic  copposi t ion ind ica ted  t h a t  t hese  rocks 

represent  a bimodal s u i t e  having e i t h e r  less than 59% or g r e a t e r  than 69% 

silica. No province d i f f e rences  are evident  based on major element chemistry. 

However, based on both minor element chemistry and i s o t o p i c  ratios,  rocks i n  

the  western port ion of t h e  study region (i.e., wi th in  t h e  Walker Lane and 

S i e r r a  Nevada Provinces) can be d is t inguished  from rocks i n  t h e  e a s t e r n  por t ion  

of the  region (i.e., t h e  Carson Desert and Desert Peak areas wi th in  t h e  north- 

e rn  Basin and Range Province). 

Petrogenesis  of t hese  volcanic  rocks , incorporat ing t h e  petrographic  and 

petrochemical d a t a  wi th  the  known s t ruc tu ra l - t ec ton ic  s e t t h g  of  t h i s  region, 

i s  in te rpre ted  as an immature volcanic  system i n  which s i l i c i c  pods der ived 

from melting of lower c r u s t a l  material and mafic d ikes  of mantle-derived magma 

have not aggregated i n t o  large chambers. Active f a u l t s  provide t h e  condui ts  

f o r  migrat ion of b a s a l t i c  magma t o  the  sur face ,  as w e l l  as f o r  downward perco- 

l a t i n g  groundwater which r e s u l t s  i n  t h e  assoc ia ted  geothermal systems by con- 

duct ing heat.  A simple depth-pressure r e l a t i o n s h i p  expla ins  t h e  cognate re- 

verse ly  zoned p lag ioc lase  phenocrysts and t h e  incompletely resorbed r e f r ac to ry  

quar tz  phenocrysts as or ig ina t ing  a t  upper mantle depths.  A s  t hese  magmas rise 

through the  c r u s t ,  contamination by c r u s t a l  rocks would a f f e c t  t h e i r  major and 

minor element chemistry and t h e i r  i so top ic  composition - such an e f f e c t  is no t  
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observed. Spec i f i c  chemical and mineralogic v a r i a t i o n s  in  these  rocks is 

the re fo re  a t t r i b u t e d  t o  inherent  regional  v a r i a t i o n s  (both laterally and v e r t i -  

c a l l y )  in t h e  age and comporition of t he  upper mantle and lower c r u s t  source 

regions for t h e  magmas. 

Late Miocene and younger volcanism i n  west-central  Nevada is bimodal 

(basa l t - rhyo l i t e )  occurr ing i n  an a c t i v e l y  extending t ec ton ic  environment. 

These pr imar i ly  b a s a l t i c  magmas o r i g i n a t e  i n  t h e  upper mantle and rise, essen- 

t i a l l y  uncontaminated, through the  c r u s t  v i a  s t r u c t u r a l  conduits.  Recurring 

volcanic  a c t i v i t y  assoc ia ted  with these  mantle der ived magmas provides a BUS- 

t a ined  hea t  source f o r  t h e  assoc ia ted  geothermal systems. 

i x  



The Division of Earth Sciences,  University of Nevada, Las Vegas, under 

cont rac t  no. ACO3-82RA50075 from the  U.S. Department of Energy, San Francisco 

Operations Office,  has inves t iga ted  the  r e l a t ionsh ip  of l a te  Ter t ia ry  t o  

Quaternary volcanic  rocks t o  a c t i v e  geothermal systems i n  west-central  Nevada. 

Previous s t u d i e s  of igneous r e l a t e d  geothermal systems by Smith and Shaw 

(1975) ind ica t e  t h a t  l a rge  high-level (shallow c r u s t a l )  s i l i c i c  magma chambers 

are o f t en  accompanied by geothermal systems with economic poten t ia l .  Evalua- 

t i o n  of geographical areas having geothermal p o t e n t i a l  cu r ren t ly  involves young 

volcanic systems dominated by the  presence of s i l i c i c  flows, t u f f s  and domes 

believed ind ica t ive  of high-level magma chambers (e.g. , Coso, Long Valley and 

Clear Lake volcanics  (Geysers) i n  Cal i forn ia ,  and Yellowstone i n  Wyoming). 

The importance of b a s a l t i c  volcanism i n  the  developnent of la rge  s i l i c ic  

magma chambers has been increas ingly  emphasized. Eichelberger and Gooley 

(1977) have suggested t h a t  addi t iona l  hea t  input t o  a s i l i c i c  magma chamber by 

underplat ing of b a s a l t i c  magma o f f e r s  a p laus ib l e  explanat ion f o r  t h e  observed 

l i f e  spans of some s i l i c i c  magma systems. Discrepancies between the  observed 

l i f e  spans of geothermal systems and the  s h o r t e r  l i f e  spans ca lcu la ted  from 

conventional models may be explained by sustained hea t  input t o  the  geothermal 

systems by b a s a l t i c  magmas (Lachenbruch and o thers ,  1976; Crecraf t  and o thers ,  

1980; Hi ldre th ,  1981). 

Late Miocene and younger volcanism i n  west-central  Nevada ( f i g .  11, how- 

ever ,  has been pr imari ly  bimodal (basa l t - rhyol i te )  in nature  (Stewart and 

Carlson, 1976; Silbenaan and o the r s ,  1975; Chr is t iansen  and Lipman, 1972). 

Rocks of b a s a l t i c  composition are derived from the  mantle and lowermost c rus t .  

These magmas rise rapidly t o  the  sur face  through narrow f i s s u r e s  and do not  
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cont r ibu te  s i g n i f i c a n t  amounts of s to red  hea t  t o  t h e  c rus t .  For t h i s  reason, 

Smith and Shaw (1975) suggest t h a t  purely bas i c  volcanic  systems r a r e l y  form 

thermal anamal ies . 
The s p a t i a l  a s soc ia t ion  i n  west-central  Nevada of high temperature geo- 

thermal systems with young volcanic  rocks o f f e r s  a unique opportuni ty  fo r  

studying the  r e l a t i o n s h i p  of bimodal volcanism t o  a c t i v e  geothermal systems. 

Numerous geothermal spr ings  and wells i n  t h e  area include 8ome high temperature 

systems with power production p o t e n t i a l  (temperatures >350°F with in  4000 f e e t  

of  t he  surface) .  These high temperature systems include the  Steamboat Hot 

Springs geothermal area, the  Desert Peak geothermal f i e l d  and the  Carson Desert 

geothermal anomaly. Two of t hese  areas (Steamboat and Carson Desert) are spa- 

t i a l l y  assoc ia ted  with young volcanic  rocks of b a s a l t i c  and r h y o l i t i c  a f f i n i t y .  

The Division of Earth Sciences has u t i l i z e d  petrographic and microprobe, geo- 

chemical, geochronologic and s t ront ium i so top ic  compositions f o r  an evaluat ion 

of volcanic  rocks assoc ia ted  wi th  high temperature geothermal systems . 
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LITERATURE REVIGW 

The ava i l ab le  l i t e r a t u r e  was reviewed f o r  s p e c i f i c  re ferences  containing 

1) da ta  on the  chemical and i so top ic  charac te r  and age of young volcanic  rocks 

i n  the  study area, 2) geochemical i nd ica to r s  of magma chamber condi t ions,  and 

3) models f o r  magma generat ion and d i f f e r e n t i a t i o n .  

A review of published sources  ind ica t e s  t h a t  l imi ted  d a t a  a r e  ava i l ab le  on 

the  geochemical and i so top ic  charac te r  of t he  young volcanic  rocks within t h e  

study area. The most extensive rock chemistry d a t a  were reported f o r  t h e  

Steamboat a r e a  by Thompson and White (1964). S ix  s t ront ium i so top ic  values  

from the  area are given by Morton and o the r s  (1980, 1983). I so topic  ages have 

been compiled on a reg iona l  bas i s  by Luedke and Smith (1981). Computer pro- 

grams f o r  f r ac t iona t ion  modeling of b a s a l t i c  magmas were obtained from Michigan 

Technological University (Rose, w r i t t e n  commun., 1982). 

PHOTOGEOLOGIC INTERPRETATION 

Detailed photogeologic i n t e r p r e t a t i o n  of t h e  Steamboat H i l l s  and v i c i n i t y  

was conducted using 1: 12,000 s c a l e  aerial photographs (GS-VBMQ; 5-21-66) and 

supplemented by ana lys i s  of 1: 16,000 s c a l e  co lo r  a e r i a l  photographs (GS-VBNQ-C; 

10-16-67) and 1:8,000 s c a l e  low sun-angle aerial  photographs (4-28-78). Speci- 

f i c  s t r u c t u r a l  f ea tu re s  ( f a u l t s )  were i d e n t i f i e d  and de l inea ted  t o  de f ine  t h e  

s t r u c t u r a l  s e t t i n g  f o r  the  Steamboat H i l l s  geothermal area.  The various vol- 

canic  flows i n  the  Steamboat H i l l s  were de l inea ted  based on flow morphology and 

sampling sites were defined. Photogeologic i n t e r p r e t a t i o n s  were v e r i f i e d  by 

f i e l d  reconnaissance and comparison with published d a t a  (Szecsody and Nichol, 

1982; Bell, 1981; Thompson, 1956; Thompson and White, 1964; White and o the r s ,  

1964) . 
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Small-scale (1:62,500) AMs aerial photography of t he  e n t i r e  study a r e a  was 

reviewed t o  eva lua te  o the r  exposures of young volcanic  rocks i n  the  remainder 

of the  study area and t o  iden t i fy  po ten t i a l  sampling sites. 

PETROGRAPHY 

A t o t a l  of  64 samples co l lec ted  fram s t r a t i g r a p h i c  sequences and various 

flow u n i t s  a t  15 sites wi th in  the  study area ( s e e  f i g .  3) were submitted t o  the  

Nevada Bureau of Mines and Geology f o r  the  preparat ion of polished t h i n  see- 

t ions.  These samples and t h i n  sec t ions  were evaluated f o r  the  presence and 

degree of secondary a l t e r a t i o n .  Based upon the  lack of secondary a l t e r a t i o n  

and geographic d i s t r i b u t i o n  of the  samples wi th in  the  study area ,  the  31 sam- 

p les  l i s t e d  i n  Table 1 were se l ec t ed  f o r  f u r t h e r  petrographic and geochemical 

analyses . 
The major i ty  of t he  samples are from t h e  young volcanic  rocks a t  Steamboat 

H i l l s  ( s ee  f i g .  6 ) .  A s  noted above, t he  various time-sequential flows a t  

Steamboat could be de l inea ted ;  t h i s  was not poss ib le  a t  the  o ther  sampling 

sites s ince  flaw morphology was not w e l l  preserved or  w a s  not as d i s t i n c t .  The 

c h a r a c t e r i s t i c s  of these  Steamboat H i l l s  volcanic rocks were then used as a 

basis for evalua t ing  o ther  volcanic-geothermal assoc ia t ions  i n  west-central  

Nevada . 

GEOCHRONOLOGY 

Mineral separa tes  and whole rock samples were prepared by L.A. Ful tz  and 

submitted t o  Krueger Enterpr i ses ,  Inc. , Geochron Laborator ies  Division, 

Cambridge, Massachusetts. The determinations were run by Thomas Bills, K-Ar 

Lab Manager, Geochron Laborator ies  Division. A l l  samples were t r ea t ed  w i t h  

d i l u t e  HF and HNO t o  reduce atmospheric argon. Argon analyses  were performed 
3 
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TABLE 1 

Sample Numbers, Lithology and Location 

AMPLE 
NO. LO CAT1 ON 

STEAMBOAT HILLS 
basaltic andesite 

1301 
$304 
3305 
3307 
3308 
3310 
3312 
3314 
331 6 
3320 
3327 
3330 
3333 

3323 

3344 

334 5 

3347 

3348 

rn S.32 
S a  S.31 
S a  S.32 
M& S.32 

S.32 
SI& S.32 
S R  S.32 rn s.5 
SI& S.32 rn s.5 
s* s.33 
S R  s.33 
N&i S.32 

T18N, R20E 
T18N, R20E 
T18N, R20E 
T18N, R2OE 
T18N, R20E 
T18N, R20E 
T18N, R2OE 
T17N, R20E 
T18N, WOE 
T17N, R20E 
T18N, R2OE 
T18N, R20E 
T18N, R20E 

rhyo l i t e  

N R  S.l T17N, R19E 

** 
TABLE MOUNTAIN (TM) 
basaltic a n d e s i t e  

M& S.3 '1'16N, R23E 

** 
SILVER SPRINGS (SS) 
basaltic a n d e s i t e  

S.31 T19N, R25 

** 
CHURCHILL BUTTE ((3) 
basaltic a n d e s i t e  

S.25 T17N, R23E 

** 
CLEAVER PEAK (CP) 
basaltic andesite 

rn S.33 T16N, R25E 

SAMPLE 
NO. LOCATION 

334 6 

DP-2A 
DP-3 
DP-5B 
3357 

3360 

3339 
3340 

3350 

3356 

3352 

3354 
3358 

McCLELLAN PEAK (Mp) 
o l  ivine basalt 

NW% S.6 T18N, R22E 

** 
DESERT PEAK (DP) 

i gnbbr i t e  

SI& S.30 T22N, R28E 
S* S.30 T22N, R28E 
S R  S.3 T22N, R28E 
SI& S.25 T22N, R28E 

basaltic andesite 

S R  S.10 T22N, R27E 

** 
CARSON CITY (CC) 

basaltic andesite 

S& S.21 T16N, WOE 
N e  S. l  T15N, R20E 

** 
RATTLESNAKE HILL (RH) 

basalt 

S.29 T19N, R29E 

** 
SODA LAKE (SL) 

basalt 

SI& S.8 T19N, R28E 

** 
U P S A L  HOGBACK (UH) 

rhyol i te  

S& S.2 T20N, R28E 

basalt 

S a  S.2 T20N, R28E 
S a  S.2 T20N, R28E 
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by standard i so tope  d i l u t i o n  procedures (Dalrymple and Lanphere, 1969) using an 

AEI MS-10 mass spectrometer. Potassium analyeee were performed by t h e  l i th ium 

metaborate f l u x  fusion-flame photometry technique (Ingamels , 1970) . Samples 

were run i n  dup l i ca t e ,  except f o r  t r i p l i c a t e  argon analyses  of  sample 

(plagioclase)  and sample 8-3344 (whole rock). 

H-3312 

Ages supplied by Geocbron Laborator ies  Division were reca lcu la ted  using 

the  following constauts :  
= 4.963 x 10-l' y r  -1 

'c = 0.572 x 10-l' yr -1 

-13 -1 'c, = 8.70 x 10 

total 

yr 

= 1.167 x 40K/K 

These constants  are based on d a t a  on the  abundance of 40K (Garner and o thers ,  

1975) and i ts  decay cons tan ts  (Beckinsale and Gale, 1969) and are ref ined  com- 

pared t o  those used p r i o r  t o  1976. The a n a l y t i c a l  d a t a  and ca lcu la ted  i so top ic  

ages are l i s t e d  i n  Appendix A. Other ages reported i n  t h e  l i t e r a t u r e  were re- 

ca lcu la ted ,  as indica ted  in t h e  tex t .  Ages no t  reca lcu la ted  vary by 10 t o  12 

percent , being youager than i f  recalculated.  

X-RAY FLUORESCENCE 

Thirty-one samples were analyzed by x-ray f luoresceace a t  Michigan Techno- 

log ica l  Universi ty  (MTU), using an automated P h i l l i p s  spectrometer u n i t  wi th  a 

dedicated computer. Rocks were pulverized t o  <325 mesh, mixed wi th  a s t a r c h  

binder and pe l l e t i zed .  HTU used an a n a l y t i c a l  scheme modified from Leake and 

(1969) and u t i l i z e d  30 i n t e r n a t i o n a l  geochemical otandards and published 

values of Flanagan (1973) for  ca l ib ra t ion .  Subsets of  t h e  s tandard group were 

selected t o  approximate t h e  mat r ix  of t h e  unknowns. W-1 diabase  was used as a 
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r a t i o  standard in  a l l  determinations.  Resul ts  of r e p l i c a t e  determinat ioas  of 

basa l t  standard BCR-1 f o r  major elements are tabulated i n  Appendix B. 

t r ace  elements, t he  special g l a s ses  GSA, GSB, GSC, GSD, and GSE (Myers and 

o thers ,  1976) were used in  addi t ion  t o  the  in t e rna t iona l  standards.  Trace 

element de t ec t ion  l i m i t s  and prec is ions  a t  t y p i c a l  concentrat ions are tabulated 

i n  Appendix B. Trace element concentrat ions f o r  the  31 samples analyzed dur ing  

t h i s  study are l i s t e d  i n  Appendix C. 

For the  

The major element concentrat ions,  a s  oxides, were entered i n t o  t h e  PETCAL 

program (modified from Bingler and o the r s ,  1976; Appendix D) t o  obta in  var ious 

oxide r a t i o s ,  normative mineral  contents  and mineral  ratios, petrochemical in- 

d ices ,  and the  IUGS c l a s s i f i c a t i o n  of the  rock samples. The PETCAL output f o r  

each sample is presented i n  Appendix E. 

MICROPROBE 

Microprobe analyses  of s e l ec t ed  samples, and i n  p a r t i c u l a r  of phenocrysts, 

were conducted a t  t h e  Universi ty  of California-Berkeley using an 8 channel SEM 

Q microprobe. A l l  analyses  were converted t o  percent oxide using a D i g i t a l  

Electronics  Corporation PDP-11 computer with a code w r i t t e n  by Mark Rivers 

(University of California-Berkeley). A 15 KV f i lament  cu r ren t  was used wi th  a 

54020 nominal beam current .  No d r i f t  cor rec t ions  were appl ied t o  t h e  analyses.  

The s i x  s tandards used f o r  determinat ion of S i0  A 1  0 N a  0,  K 0, CaO, FeO 
2 ’  2 3’ 2 2 

( t o t a l  i ron ) ,  MgO and MnO are reproduced i n  Appendix 8.  

Samples se lec ted  f o r  microprobe ana lys i s  included: 3304, 3312, 3314, 

3323, 3346, 3354, 3356 and 3357 (see Table 1 ) .  The ranges i n  composition of 

minerals are presented i n  the  Petrography s e c t i o n  and the  s e c t i o n  on Microprobe 

of Plagioclase Phenocrysts. 

phenocrysts are presented i n  Appendix F. 

Microprobe t r a v e r s e  d a t a  f o r  s e l ec t ed  p lag ioc lase  
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STRONTIUM ISOTOPES 

Fourteen samples (twelve whole rock and two p lag ioc lase  separa tes )  were 

submitted t o  Teledyne Isotopes,  Westwood, New Jersey,  f o r  determination of 

s t ront ium i so top ic  r a t i o s .  The a n a l y t i c a l  technique u t i l i z e d  by Teledyne Iso- 

topes is as follows. 

Approximately 300 mg of each sample was dissolved i n  approximately 6 m l  of 

HF, 0.5 m l  HClO 0.5 m l  HNO , allowed t o  d i g e s t  cold overnight ,  then evapor- 

a t ed  t o  dryness.  The samples were then redissolved in 2.5 N €IC1 and e lu t ed  
4’ 3 

through an ion  exchange column. The s t ront ium f r a c t i o n  was col lec ted  and evap- 

orated t o  dryness. A l l  reagents  used are d i s t i l l e d  a t  sub-boiling tempera- 

tu res .  The l ab  blank i s  approximately 0.2 ng of  strontium. A l l  evaporations 

were conducted i n  f i l t e r e d  air. 

The samples were then run using an NBS design 68* sec to r ,  12-inch rad ius  

mass spectrometer equipped w i t h  computer cont ro l led  peak switching and on-line 

da t a  acqu i s i t i on  and reduction. The samples were run on baked-out, oxidized, 

s ing le  tantalum filaments.  Between 50 and 100 ratios were taken f o r  each sam- 

p le .  

The 87Sr /86Sr  r a t i o s  were normalized t o  86Sr/  88Sr * 0.11940 and t o  t h e  

Eimer and Amend SrCO., standard value of 0.7080. The r e s u l t i n g  Sr i so top ic  
2 

r a t i o s  a r e  presented in  a s epa ra t e  

subjected t o  a two sigma f i l t e r .  

standard devia t ion  of t he  mean and 

run . 

sec t ion  of t h i s  report .  The d a t a  were 

The a n a l y t i c a l  uncer ta in ty  quoted is t h e  

is  generated from each mass spectrometer 
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The study area ,  within the  Reno 1 IC 2' quadrangle ( f ig .  11, extends from 

the  eas t e rn  margin of t he  S i e r r a  Nevada i n t o  the  western Great Basin Province. 

The following general  geology of the  study region is summarized from Bonham 

(19691, Moore (1969) and Silberman and o the r s  (1975). 

Igneous, metamorphic and sedimentary rocks of Permian (?) through Recent 

age are present  within the  study area. The pre-Tertiary rocks, predominantly 

Mesozoic i n  age, are metasedimentaty and metavolcanic rocks intruded by grani-  

t i c  plutons. Rocks of Cenozoic age include Te r t i a ry  volcanic  sequences and 

Quaternary volcanics  and a l l u v i a l  and l a c u s t r i n e  sediments. 

Volcanism during midoTertiary (pre-Miocene) was predominantly r h y o l i t i c  

L a t e  Miocene and rhyodaci t ic  i n  composition and occurred as ash flow shee ts .  

volcanism was dominantly calc-alkal ine a n d e s i t i c  with t r a n s i t i o n  t o  predomi- 

nant ly  b a s a l t i c  volcanism wi th  minor amounts of r h y o l i t e  s ince  5 t o  7 mi l l i on  

years  (m.y.) ago (Silberman and o thers ,  1975). Rock u n i t s  of  s p e c i f i c  i n t e r e s t  

to  t h i s  study include volcanics  of t he  Lousetown Formation, Steamboat H i l l s  

r hyo l i t e ,  McClellan Peak o l i v i n e  b a s a l t ,  and the  b a s a l t i c  andes i t e  of Steamboat 

Hi1 1s. 

The Lousetown Formation (Thayer, 1937) c o n s i s t s  predominantly of flows and 

associated in t rus ions  of o l i v i n e  b a s a l t  and pyroxene andes i t e  wi th  i so top ic  age 

of 6.8 t o  7.1 Ma a t  the  type sec t ion  i n  Lousetam Creek. Basa l t  flows a t  Clark 

Mountain (Thompson, 1956) and i n  t h e  Steamboat H i l l s  (Thompson and White, 1964) 

have been cor re la ted  wi th  the  Lousetown Formation. 

The s t r u c t u r a l  complexity of t he  area is defined f i r s t  by a Mesozoic epi-  

sode of deformation t h a t  included folding,  f au l t i ng ,  low-grade regional  meta- 

morphism and g r a n i t i c  plutonism. A second, continuing episode of deformation 
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that is  Cenozoic in  age began i n  the Miocene and includes normal fault iag and 

associated t i l t i n g ,  warping, wrench faulting and related folding and volcanism. 
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STEAMBOAT HOT SPRINGS 

The Steamboat Hot Springs system ( f i g .  2) is t h e  o l d e s t  and most s tud ied  

geothermal area in  Nevada (White and o the r s ,  1964; Thompson and White, 1964; 

Silberman and o the r s ,  1979; White,. 1968). The geothermal system is assoc ia t ed  

with t h e  Steamboat H i l l s  b a s a l t i c  a n d e s i t e  da ted  by Silberman and o the r s  (1979) 

a t  2.53 - + 0.11 Ma (Mega-annum) (Appendix A). The thermal area is a s soc ia t ed  

wi th  four  r h y o l i t e  domes ranging i n  age from 1.14 t o  3.0 Ma, t h e  l a r g e s t  of 

which l ies  5 km southwest of t h e  hot  sp r ings  (Silberman and o the r s ,  1979). 

Silbenuan and o the r s  (1979) estimated t h a t  3000 kn? of magma would be requi red  

s t a i n  3 m.y. of  continuous thermal a c t i v i t y  a t  Steamboat. 

The resource has been designated a KGRA (Known Geothermal Resource Area) 

and shows promise of being economically exp lo i t ab le  f o r  e l e c t r i c  power genera- 

t i on .  A 3050 foot  deep geothermal test  well d r i l l e d  i n  1979 by t h e  P h i l l i p s  

Petroleum Company i n  t h e  b a s a l t i c  a n d e s i t e  vent area y ie lded  temperatures 

g r e a t e r  than 400°F (Garside and Sch i l l i ng ,  1979). 

CHURCHILL BUTTE AREA 

A moderate-temperature geothermal resource  (Wabuska Hot Springs) is loca t -  

ed approximately 5 miles south of Cleaver Peak i n  t h e  Churchi l l  Butte area. A 

well d r i l l e d  by Magma Power Company i n  1959 encountered a bottom h o l e  tempera- 

t u r e  of 227OF a t  2223 f e e t  (Garside and Sch i l l i ng ,  1979). A hydroponic green 

house was constructed a t  Wabuska, but cu r ren t  aquaculture e f f o r t s  are d i r e c t e d  

toward growing s p r i r u l i n a  algae. 
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CARSON CITY 

Numerous hot  spr ings  having temperatures up t o  120°F have been reported 

i n  t h e  Carson-Eagle Valley area (Garside and Sch i l l i ng ,  1979; Trexler and 

o thers ,  1979). The waters  have been used t o  hea t  a public  swimming pool and 

bath house. 

CARSON DESERT 

A shallow thermal anomaly wi th  temperatures i n  excess of 350°F a t  2000 

feet occurs nor th  of Soda Lake ( H i l l  and o the r s ,  1979).  In  addi t ion ,  a 10,000 

foot  d r i l l  hole ,  located approximately 16 miles t o  the  east i n  t h e  S t i l l w a t e r  

geothermal prospect,  has a reported bottom ho le  temperature i n  excess of 350°F 

(Ash, 1981) . 

DESERT PEAK 

The Desert Peak geothermal f i e %  is located i n  t..e northern por t ion  of ---e 

Hot Springs Mountains, northwest of t h e  Carson Desert. P h i l l i p s  Petroleum Com- 

pany has a cont inuing program of explora t ion  and developnent of t h i s  geothermal 

resource. To da te ,  they have encountered temperatures in excess  of 400°F with- 

i n  2000 f e e t  of t h e  ground su r face  (Benoit and o the r s ,  1982). 
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S - n  

The Reno AMs 1 x 2' shee t  study a r e a  encompasses por t ions  of t h ree  s t ruc-  

t u r a l  regimes ( f ig .  31, each character ized by cont inuing l a t e  Cenozoic t ec ton ic  

a c t i v i t y .  From east t o  west, t hese  are the: 1) northern Basin and Range, 2) 

Walker Lane, and 3) S i e r r a  Nevada. 

NORTHERN BASIN AND RANGE 

The northern Basin and Range i s  recognized by reg iona l ly  high e leva t ion ,  

ho r s t  and graben morphology (Eaton, 1979) and an extensional  stress f i e l d  

(Wright , 1976) . Pre-Basin-Range shallow extension along a WSW-ENE a x i s  

occurred during t h e  period 40 t o  20 m.y. ago. The thermal regime produced by 

major episodes of i n t r u s i v e  a c t i v i t y  developed ho t ,  thermally weakened c r u s t  

and resu l ted  i n  t h e  widespread occurrence of s t e e p r a l l e d  ca lde ra  complexes and 

tremendous volumes of calc-alkal ine magmatism (HcKee, 1971; Noble, 1972). 

P r io r  to  approximately 15 m.y. ago, t h e  t ime-transgressive superposi t ion 

of d e x t r a l  shear  assoc ia ted  wi th  the  developing San Andreas transform f a u l t  ro- 

t a t ed  t h e  stress f i e l d  wi th in  the  northern Basin and Range t o  EW t o  WNW-ESE d i -  

rected least p r inc ipa l  stress (extension d i r e c t i o n ) .  This change in stress re- 

gime wi th in  t h e  Basin and Range allowed f o r  t h e  i n i t i a t i o n  and developnent of 

deeply pene t ra t ing  f a u l t s  i n  the  upper 10 t o  15 km of c r u s t  suggest ing o v e r a l l  

cooling of t h e  c r u s t ,  f a c i l i t a t i n g  tapping of  subcrus ta l  magma systems respon- 

s i b l e  f o r  t h e  assoc ia ted  b a s a l t  and bimodal basa l t - rhyol i te  magmatism (Elston 

and Bornhorst, 1979; Rehrig and o thers ,  1980; Chr is t iansen  and Lipman, 1972; 

McKee, 1971; Noble, 1972). Basa l t ic  volcanism i s  concentrated near  t h e  margins 

of the  Basin and Range (Best and Brimhall, 1974). Dickinson and Snyder (1975, 

1979) a t t r i b u t e  Basin and Range extensional  f a u l t i n g  wi th  bimodal volcanism t o  
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Figure 3. 
and his tor ic  fault ing,  are shown with respect to  areas of young volcanic rocks and sample sites. 
(modified af ter  Be l l ,  1981) 
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t h e  upwelling of ho t  asthenosphere t o  rep lace  volume occupied by t h e  subducted 

l i t h o s p h e r i c  s l a b  behind t h e  transform. 

Modern Basin and Range s t r u c t u r e  is  defined (Stewart ,  1978) as normal 

f a u l t  con t ro l l ed  ranges and sedimentary basins.  In  t h e  nor thern  Basin and 

Range ( inc luding  t h e  study area of t h i s  r e p o r t ) ,  t h i s  type of normal f au l t i ng  

began about 10 m.y. ago and continued major developnent t o  about 7.6 m-y. ago 

(Zoback and o the r s ,  1981). For t h e  l a s t  7 m i l l i o n  years ,  t h e  Basin and Range 

has been charac te r ized  by elongate,  fault-bounded p a r a l l e l  ranges wi th  crest- 

crest spacing of 25 t o  35 km; t h e  average bas in  width is 10 t o  20 km. This 

basin width is  approximately equivalent t o  the  thickness of t he  seismogenic 

crust  (Eaton, 1980). Focal depths  of 15  t o  18 km were determined f o r  mainshock 

and a f t e r  shock 

i s m s  ind icae  ing 

Romney, 1957). 

Basin and Range 

WALKER LANE 

The Walker 

events of t h e  1954 Dixie Valley earthquake wi th  foca l  mechan- 

s t e e p  (60-70') f a u l t s  a t  t hese  depths  (Stauder and R y a l l ,  1967; 

Holocene and h i s t o r i c  f a u l t  a c t i v i t y  continues on most of t hese  

s t r u c t u r e s  ( f i g .  3 ) .  

Lane zone of conjugate s t r i k e - s l i p  (northwest-trending r i g h t  

s l i p  and northeast-trending l e f t  s l i p )  f a u l t i n g  and d i s rup ted  s t r u c t u r e  marks 

t h e  western margin of t h e  Great Basin. This zone is a l s o  Characterized by 

eastward thinning of t h e  crust  (Greensfelder, 1965; Eaton, 1963; Prodehl, 

1979). In  c o n t r a s t  t o  t h e  nor thern  Basin and Range i n  which t h e  maximum prin- 

c i p a l  stress (compression) is v e r t i c a l ,  both t h e  maximum and minimum pr inc ipa l  

stresses are i n  t h e  ho r i zon ta l  plane (Wright, 1976). Traces of  t h e  dominant 

northwes t-trending Walker Lane f a u l t s  occur as i r r e g u l a r ,  en echelon, discon- 

tinuous zones t h a t  terminate abrupt ly ,  commonly wi th in  mountain ranges, a t  in- 

t e r s e c t i o n s  with conjugate s t r i k e - s l i p  or coeval normal f a u l t s .  Rela t ive ly  17 
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in tense  spreading i n  a primary extensional  environment occurs a t  the  ends of en 

echelon s t r i k e - s l i p  f a u l t  zones and may favor  l o c a l i z a t i o n  of  volcanic  c e n t e r s  

(Wright and Troxel, 1968, 1971; Smith and Luedke, 1981). Since these  si tes are 

a l s o  general ly  points  of s t r u c t u r a l  i n t e r sec t ions ,  they are favorable  f o r  geo- 

thermal po ten t i a l  (Trexler  and o thers ,  1978). 

The stress regime and r e s u l t a n t  extension within the  Walker Lane may be 

r e l a t ed  to:  1 )  superposi t ion of t h e  San Andreas transform f a u l t ;  2) accelera-  

t i on  between P a c i f i c  and North American p l a t e s ;  3) r e l axa t ion  of  t ec ton ic  com- 

pression a t  the  Juan de  Fuca - North American p l a t e  boundary (Sbar, 1982); or  

4) ro t a t ion  of the  S i e r r a  Nevada (Wright, 1976). S t r ike - s l ip  t o  d ip - s l ip  

r a t i o s  f o r  displacement on Walker Lane s t r u c t u r e s  range up t o  8:1, i n  c o n t r a s t  

t o  values of 0.2:l f o r  normal f a u l t s  such as the  Fairview Peak f a u l t  i n  t h e  

northern Basin and Range (Bell and Slemmons, 1982) suggesting g r e a t e r  exten- 

sion. 

Continued Holocene and h i s t o r i c  a c t i v i t y  on high angle  f a u l t s  of t h e  

Walker Lane is evidenced by l e f t - l a t e r a l  displacement i n  t h e  1869 Olinghouse 

event (Sanders and Slemmons, 1979; Slemmons, 1969) ( f i g .  3) and t h e  1934 Excel- 

s i o r  Mountain event (Callaghan and Gianel la ,  1935) south of  t h e  study area and 

by the  r i g h t - l a t e r a l  1932 Cedar Mountain event (Gianel la  and Callaghan, 1934) 

a l s o  south of t he  study area.  Late Cenozoic cumulative displacement wi th in  t h e  

northern Walker Cane ( B e l l  and Slemmons, 1982) is eatimated t o  r a g e  f r o m  30 to  

50 lun (Bonham, 1969; Hardpan and o thers ,  1975). 

SIERRA NEVADA 

The S i e r r a  Nevada behave as a l a r g e  i n t e g r a l  fault-bounded block d e s p i t e ;  

the  presence of f a u l t s  wi th in  the  block. Primary f r o n t a l  f a u l t  systems bound 

the  block on both the  western and eas t e rn  margins. The large-scale  major 
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f r o n t a l  f a u l t  system on t h e  eas t e rn  boundary appears r e l a t e d  t o  major through- 

going structures t h a t  probably cu t  t h e  l i thosphere  based on the  2 t o  3” back- 

t i l t  of t h e  i n t e r n a l  blocks and g rav i ty  d a t a  t h a t  i nd ica t e s  t h e  u p l i f t e d  blocks 

are i s o s t a t i c a l l y  compensated (Zoback and o the r s ,  1981). Preliminary d a t a  from 

the  COCORP seismic r e f l e c t i o n  l i n e s  across  the  northern S i e r r a  Nevada eas t e rn  

f r o n t a l  f a u l t  tone suggest a s t eep ly  dipping s t r u c t u r a l  zone extending t o  depth 

(D. Nelson, pers.  comun., 1983). 

Eaton (1932) f i r s t  suggested the  westward migrat ion of t he  S i e r r a  Nevada 

block wi th  ex tens iona l  f ea tu re s  on t h e  east l a rge ly  compensated f o r  by compres- 

s i o n a l  f ea tu re s  on t h e  west. Smith (1962) estimated 60 t o  80 km of l e f t -  

lateral displacement along the  Garlock f a u l t  wi th  displacement decreasing w e s t -  

ward; Taubeneck (1971) estimated 50 km of o f f s e t  i n  Cenozoic t i m e  by r igh t -  

lateral f a u l t s ,  d ike  in t rus ions  and normal f a u l t i n g  a t  the  no r th  end of  t h e  

S i e r r a  block. Wright (1976) provides a d e t a i l e d  d iscuss ion  of the  westward m i -  

g r a t ion  and r o t a t i o n  of t he  S i e r r a  Nevada. 

Extension across  the  northern Basin and Range is estimated t o  range from 

15 t o  30 percent i n  the  last 10 mi l l i on  years (Zoback and o the r s ,  1981). The 

average width of t he  Basin and Range a t  the  l a t i t u d e  of t he  study area is 

approximately 700 km; a minimum 100 km t o  as much a s L 2 0 0  km of extension is 

d i s t r i b u t e d  across  t h i s  width. While much of t h i s  ‘extension i s  undoubtedly 

taken up by t h e  northwest-trending Walker Lane-s t ruc tures ,  i t  s t i l l  suggests  a 

g rea t e r  amount of E-W extension than i s  compensated f o r  by t h e  westward migra- 

t i o n  of t h e  S i e r r a  Nevada. 

STEAMBOAT HILLS 

Within t h e  Steamb t H i l l s  a r e a  ( f i g .  41, the’dominant north-south s t ruc-  

t u r a l  t rend represent  he S i e r r a  Nevada f r o n t a l  f a u l t  zone. These normal, 
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a n t i t h e t i c  and graben f a u l t s  became progressively more complex, apparently pro- 

g re s s ive ly  younger and more recur ren t  i n  t h i s  area south of Reno (Bel l ,  1981). 

Various ages of displacement and r ecu r ren t  Holocene f a u l t i n g  have been demon- 

s t r a t e d  (Cordova, 1969; B e l l ,  1981; Szecsody and Nichol, 1982). 

Northeast-trending s t r u c t u r e s  are pr imari ly  a n t i t h e t i c  f a u l t s  assoc ia ted  

with t h e  Steamboat R i l l s  a n t i c l i n e  (Thompson and White, 1964). These s t ruc-  

tures may represent  the  nor theas t  t rends of t he  Olinghouse-Carson Lineament 

s t r u c t u r a l  zone (Bel l  and Slemmons, 1982) . 
Major f a u l t i n g  wi th in  t h e  Steamboat H i l l s  occurred a f t e r  Kate Peak volcan- 

i s m  and before  c u t t i n g  of  t h e  pre-Lousetown pediment, wi th  a t  least 300 m of 

displacement on t he  Steamboat H i l l s  f a u l t  system underlying the  main s i n t e r  

t e r r aces  (White and o the r s ,  1964; Silberman and o the r s ,  1979). S t ruc tu ra l  con- 

t r o l  of t h e  thermal area is suggested by t h e  loca t ion  of t he  hot  spr ings  along 

the  Low and Main Terraces and o t h e r  hot  sp r ings  located along f a u l t  t races .  

The thermal a rea  also l ies  along the  l i n e  of Quaternary pumiceous r h y o l i t e  

domes t h a t  extend 3 km southwest of Steamboat Springs and 5 km t o  t h e  no r theas t  

(Silberman and o the r s ,  1979) . 
A d e t a i l e d  d iscuss ion  of t h e  l o c a l  geology, s t r u c t u r a l  and s t r a t i g r a p h i c  

r e l a t ionsh ips  is provided by Thompson (1956) and Thompson and White (1964) .  

The s i g n i f i c a n t  s t r u c t u r a l  c h a r a c t e r i s t i c s  are the  predominance of a n t i t h e t i c  

f a u l t s  and fo ld ing  of  s t ra ta  i n  local a n t i c l i n a l  forms. The concentrat ion of 

these  f ea tu res  i n  t h i s  area may be a result  of i n t r u s i v e  igneous a c t i v i t y ,  t h e  

i n t e r s e c t i o n  of the  S i e r r a  Nevada f r o n t a l  f a u l t  and t h e  northeast- t rending 

s t r u c t u r e s  r e l a t e d  t o  the  Olinghouse-Carson Lineament zone, and/or t he  local-  

ized compressional environment produced by westward impingement of t h e  Basin 

and Range on t h e  S i e r r a  Nevada. 
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Potassium-argon i so top ic  ages and a n a l y t i c a l  d a t a  f o r  e i g h t  whole rock 

samples and mineral  separa tes  determined f o r  t h i s  study are l i s t e d  i n  Appendix 

A. These ages ( f ig .  5 )  and those determined by o the r  workers f o r  young (<15 

m.y.) volcanic  rocks wi th in  t h e  study area are a l s o  compiled i n  Appendix A. 

STEAMBOAT HILLS BASALTIC ANDESITE 

Two discordant  i so top ic  ages (p lag ioc lase  29.6 2 2.0 Ha; whole rock 0.212 

0.07 Ma) have been determined f o r  a sample (#H-3312) of t h e  Steamboat H i l l s  

b a s a l t i c  andesi te .  The v a r i a b i l i t y  i n  argon analyses  ind ica t e s  aon-homogeneous 

argon d i s t r i b u t i o n  i n  the  p lag ioc lase  phenocrysts. The discordancy between t h e  

p lag ioc lase  and whole rock ages suggests  t h e  p o s s i b i l i t y  of argon Loss from t h e  

groundmass (Damon and o the r s ,  1967). Silberman and o the r s  (1979) and Morton 

and o the r s  (1980, 1983) repor t  ages ranging from 2.0 t o  2.5 Ma f o r  t h e  Steam- 

boat H i l l s  b a s a l t i c  andes i t e  (Appendix A).  S i lbewan  and o the r s  (19791, 

Thompson and White (1964) and Morton and o the r s  (1980) r epor t  ages ranging from 

1.1 t o  3.0 Ma f o r  t h e  r h y o l i t e  domes i n  t h e  Steamboat area. Possible  causes 

f o r  the  suspect  discordant  ages obtained i n  t h i s  study include the  loss of 

argon from t h e  groundmass a f f e c t i n g  the  whole rock age as noted above, or t h e  

contamination of t h e  p lag ioc lase  content  during volcanic  a c t i v i t y  (e.g., inclu-  

s ion  of l i t h i c  fragments of Mesozoic granodior i te )  or during sample preparat ion 

(e.g., f a i l u r e  t o  exclude any such l i t h i c  fragments from the  p lag ioc lase  separ- 

ate).  

TABLE MOUNTAIN BASALTIC ANDESITE 

The 6.7 2 0.7 Ma i so top ic  age determined f o r  t h e  b a s a l t i c  andes i t e  flow on 
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Young volcanic rocks 

Figure 5.  Potassium-argon isotopic ages of young volcanic rocks determined in  t h i s  study. 



top  of Table Mountain is  compatible with the  age (6.83 2 0.16 Ma) of t h e  

Lousetown Creek sec t ion  of t h e  Lousetown volcaaics  reported by Morton and 

others  (1980, 1983) (Appendix A). 
a 

SILVER SPRINGS BASALTIC ANDESITE 

. The 11.8 - + 0.7 Ma i so top ic  age of the  b a s a l t i c  andes i t e  a t  S i l v e r  Springs 

i s  o lder  than the  Lousetown volcanic  rock ages reported by Morton and o the r s  

(1980, 19831, but comparable t o  the  age (10.9 2 0.3, b i o t i t e )  of t h e  Washington 

H i l l  r h y o l i t e  dome (Silberman and o thers ,  1979) (Appendix A). 

CHURCHILL BUTTE BASALTIC ANDESITE 

The i so top ic  age of 4.3 2 0.6 Ma determined f o r  t he  b a s a l t i c  andes i t e  of 

Churchi l l  Butte is younger than the  ages of t h e  Lousetown volcanics  reported by 

Morton and o thers  (1980, 1983). It is  cons i s t en t ,  however, w i th  K-Ar ages of 

3.3 L 0 . 2  and 3.5 + 0.2 Ma obtained on two samples of t he  b a s a l t  flow co l l ec t ed  

by Converse Consultants (H. A. Spellman, Jr., pets .  cammun., 1983; Nichols- 

Tingley, 1981) (Appendix A). 

CLEAVER PEAK BASALTIC ANDESITE 

The whole rock i so top ic  age of 9.2 - + 0.6 Ma obtained f o r  t h e  b a s a l t i c  an- 

d e s i t e  a t  Cleaver Peak i s  compatible wi th  t h e  age (9.1-9.2 Ma) of t h e  Mustang 

Andesite and the  age (8.7 Ma) of the  andes i te  a t  Glendale (Morton and o the r s ,  

1977) and i s  wi th in  the  age range (7.35-9.66 Ma) f o r  t h e  Clark Mountain flows 

of the  Lousetown Formation reported by Morton and o the r s  (1980, 1983) (Appendix 

A ) .  

UPSAL HOGBACK RHYOLITE 

A whole rock i so top ic  age of 6.3 2 0.3 Ma was obtained f o r  a block of 

24 



glassy  flow-banded r h y o l i t e  t h a t  was contained i n  a b a s a l t  flow a t  Upsal Hog- 

back. The b a s a l t  a t  Upsal Hogback is  interbedded wi th  Wyemaha age sediments 

having a r e l a t i v e  age of 0.04 t o  0.1 m i l l i o n  years  (Morrison, 1964) and is conr 

parable t o  the  b a s a l t  a t  Soda Lake. A block of b a s a l t  i n  tephra  from t h e  maar 

a t  Upsal Hogback has  been dated a t  200,000 years  old (M. L. Silberman, pers. 

commun., 1983). The youngest i d e n t i f i e d  a c t i v i t y  of  t he  Upsal Hogback vent is  

a b a s a l t i c  tephra  l aye r  wi th in  the  Sehoo Formation of p luvia l  Lake Lahontan 

tha t  o v e r l i e s  t he  Won0 ash bed (+ - 25,000 years)  (Davis, 1978). The K-Ar con- 

t e n t  of t h e  r h y o l i t e  was probably reset by the  younger b a s a l t i c  volcanism (H.  

F. Bonham, Jr., pers. commun., 1983). Therefore, the  6.3 Ma i so top ic  age 

should be considered a minimum age f o r  t he  rhyol i te .  

DESERT PEAK VOLCANICS 

TWO i so top ic  ages were determined f o r  samples from Desert Peak: 1 )  an age 

of 14.3 2 1.1 Ma was determined OQ a p lag ioc lase  sepa ra t e  from t h e  v i t tophyre  

of the  ignimbri te  and 2) an age of 10.2 - + 0.7 Ma was obtained f o r  a whole rock 

sample of t he  b a s a l t i c  andes i t e  flaw on Desert Peak. Four discordant  i s o t o p i c  

ages of 12.0 - + 1.1 (p lag ioc lase ,  reca lcu la ted) ,  4.1 and 4.6 (hornblende), and 

2.3 (p lag ioc lase)  M a  were obtained f o r  samples of t h e  ignimbri te  approximately 

40 percent above t h e  base of t he  sequence (Hiner, 1979; Benoit and o thers ,  

1982). The 4.1, 4.6 and 2.3 Ma ages are somewhat suspect  s ince  the  analyses  

showed very low argon content  and argon loss is poss ib le  (W. R. Benoit, pets.  

cornmun., 1983). The 12.0 - + 1.1 Ma age, however, i s  i n  chronos t ra t igraphic  

agreement wi th  the two i so top ic  ages obtained in  t h i s  study. I f  c o r r e c t ,  then 

these Desert  Peak volcanic  u n i t s  are Miocene i n  age and not  Pliocene as previ- 

ously mapped by Willden and Speed (1974) and Hiner (1979) .  These 12 t o  14 Ma 

ages are cons i s t en t  with ages reported by Willden and Speed (1974) f o r  similar 

u n i t s  bordering the  Carson Sink i n  t h e  Desert Mountains. 
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INTRODUCTION 

Petrographic and petrochemical analyses  of the  se l ec t ed  samples (Table 1) 

served as the  bas i s  f o r  c l a s s i f y i n g  the  respec t ive  rock types. Rock types are 

iden t i f i ed  based on 1) the  mineralogic composition and cha rac t e r  of t h e  ground 

mass and 2) the  chemical composition and normative ca l cu la t ions  of t h e  rock. 

Because of the  mult i tude of c l a s s i f i c a t i o n  schemes f o r  volcanic  rocks,  t he  IUGS 

c l a s s i f i c a t i o n  based on normative chemical composition is used i n  t h i s  r epor t  

(Appendix E)  Additional c l a s s i f i c a t i o n  systems were se l ec t ed  t o  i l l u s t r a t e  

p a r t i c u l a r  chemical va r i a t ions  and comparisons. Normalized oxide values  and 

normative mineral compositions (CIPW norms) are l i s t e d  i n  the output (Appendix 

E) computed f o r  each sample using PETCAL (modified from Bingler and o the r s ,  

1976; Appendix D). Chemical analyses  of t he  t r a c e  element compositions f o r  t h e  

31 samples a r e  l i s t e d  in  Appendix E. 

Mineral compositions o r  ranges of composition determined by microprobe 

analyses a r e  presented t o  support  t he  petrographic d iscuss ion ,  where appropri- 

a t e .  A more d e t a i l e d  discussion of microprobe d a t a  on p lag ioc lase  phenocrysts 

is presented in  a separa te  s ec t ion  of t h i s  repor t .  

PETROGRAPHY 

Petrologic  and petrographic desc r ip t ions  of t he  var ious volcanic  rocks are 

presented i n  the  following sec t ions .  

Steamboat H i 1  Is 

The Steamboat H i l l s  volcanics (Thompson and White, 1964) include a series 

of f l a t s  erupted from a c e n t r a l  vent along the  eas t e rn  swmnit of t h e  Steamboat 
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H i l l s  ( f i g .  2) and a number of rhyo l i t e  aomes ruttuded along a nor theas te r ly  

trend i n  the  v i c in i ty .  The flaws cover an area of approximately 1.5 square 

miles with individual  flows recognized by topographic and morphologic expres- 

s ion  ( f i g .  6 ) .  Speci f ic  loca t ions  of the  samples analyzed i n  t h i s  study are 

shown on Figure 6 f o r  both the  flows and the  r h y o l i t e  dome t o  the  southwest i n  

Steamboat H i l l s .  

b a s a l t i c  andesi te .  White and o thers  (1964) informally designated t h e  

flows as Steamboat b a s a l t i c  andesi te .  Based on mineralogic conten t ,  t h i s  is an 

appropriate  petrographic c l a s s i f i c a t i o n  s ince  the  flow samples genera l ly  con- 

t a i n  prominent o l i v i n e  and p lag ioc lase  phenocrysts t o  the  exclusion of pyroxene 

i n  a ground mass of mic ro l i t e s ,  o l iv ine ,  opaques (magnetite 1 )  and glass .  

Quartz phenocrysts (0.1 t o  5 mm diameter) are a l s o  present ,  but i n  t h i n  sec t ion  

( f ig .  7)  always exh ib i t  a r eac t ion  r i m  of clinopyroxene t h a t  completely sur- 

rounds each grain.  A few quartz  gra ins  show various s t ages  of pseudomorphic 

replacement by pyroxene. These quartz  gra ins ,  as suggested by Thompson and 

White (19641, may represent  foreign inc lus ions ,  possibly der ived from t h e  pre- 

Te r t i a ry  granodior i tes  o r  quartz  monzonites t h a t  under l ie  t h e  flows i n  t h e  

Steamboat H i l l s ,  or may be cognate phenocrysts. 

Olivine phenocrysts (general ly  <1 mm diameter) occur as subrounded t o  sub- 

angular gra ins .  Based on microprobe ana lys i s  of o l i v i n e  g ra ins  i n  samples 

3304a, 3304, 3312 and 3314, the  composition of t he  o l i v i n e  is predominantly 

magnesium o l i v i n e  or f o r s t e r i t e  (Fo), ranging from Fo 58 t o  Fo T O ,  with  some 

Mg-fayalite phenocrysts ranging from Fo 40 t o  Fo 50. Dueter ic  a l t e r a t i o n  of 

o l i v i n e  t o  idd ings i t e  is  common along g ra in  boundaries and i n t e r n a l  g ra in  frac-  

tu res ;  some gra ins  have been almost completely a l t e r e d  t o  idd ings i te .  Some of 

the  l a r g e r  o l i v i n e  g ra ins  in te r lock  with p lag ioc lase  phenocrysts. Ol iv ine  i n  
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Figure 7 .  Photomicrograph from Steamboat Hills basaltic andesite, sample 
#3308. 
indicated by fiberous growth of clinopyroxene along borders. 

Quartz phenocryst (center of photo) shows resorption as 
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t h e  groundmass, while  t yp ica l ly  more iron-rich than l a r g e r  o l i v i n e  phenocrysts, 

is  general ly  a l t e r e d  t o  idd ings i te .  

Plagioclase phenocrysts d i sp lay  d i s t i n c t  d i f f e rences  i n  shape and type of 

zoning and are i d e n t i f i e d  here  as Generation One and Generation Two phenocrysts 

( f ig .  8 ) .  Generation One phenocrysts are most abundant (80-85X),  t yp ica l ly  

euhedral,  lath-shaped and a l b i t e  twinned, wi th  o s c i l l a t o r y  t o  predominantly 

ing; some of these  phenocrysts are intergrown wi th  01 

hese lath-shaped plagioclase c r y s t a l s  range from An 50 

anor th i t e ) .  This i s  general ly  comparable t o  t h e  nonnative p l  

from l ab rador i t e  t o  andesine described by Thompson and Whit (1964) for  t h e  

volcanics  of t h i s  area. 

The Generation Two plagioc lase  phenocrysts are subhedral t o  

d i s t i n c t  reverse  zoning displayed by a c e n t r a l  s o l i d  sodic  (o l igoc lase  - ande- 

s i n e )  core (An 30 t o  An 40) surrounded by a granular  (included c e l l u l a r )  zone 

t h a t  is rimmed by a more c a l c i c  ( l ab rador i t e )  overgrowth (An 50 t o  An 6 0 ) .  

These phases of t he  Generation Two phenocrysts are shown i n  Figure 8. 

rhyo l i t e .  The dome i n  t h e  western Steamboat H i l l s  is  t h e  type l o c a l i t y  

f o r  the  Steamboat B i l l s  r hyo l i t e .  This dome i s  one of t h e  youngest of t h e  

domes assoc ia ted  with more than 10 m.y. of r h y o l i t e  magma generat ion i n  t h i s  

region (Silberman and o thers ,  1 9 7 9 ) .  Approximately one-half m i l e  wide and 

about 300 f e e t  high, t he  dome is capped by eroded remnants of t h e  c r a t e r  from 

which small amounts of pyroc la s t i c  pumice were e jec ted .  

The r h y o l i t e  is  predominantly l i g h t  gray pumiceous g l a s s  and i s  genera l ly  

phenocryst poor. Sparse phenocrysts of san id ine ,  quar tz ,  Na-plagioclase (o l ig-  

oclase;  microprobe da ta :  An 23 t o  An 261, and b i o t i t e  are observed i n  t h i n  

sect ion.  composition of Microprobe ana lys i s  of sample 3323 i nd ica t e s  79% Si0  
2 
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Figure 8. Photomicrograph from Steamboat H i l l s  basaltic andesite, sample 
#3304 showing a Generation Two feldspar phenocryst. 
zone is represented by numerous inclusions of g lass  and opaques. 
Small lath-like phenocrysts represent Generation One. 

Note ce l lu lar  
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t he  g l a s s ;  t h i s  is cons i s t en t  with t h e  77% S i0  

i c a l  ana lys i s  of t h e  rock sample (Appendix E ) .  

composition determined by chem- 
2 

Carson C i ty  Basalt 

The Carson C i t y  flows are r e l a t e d  t o  a small  c inder  cone on t he  nor th  mar- 

g in  of Carson-Eagle Val ley .  The cone is composed of  well-bedded s c o r i a  frag- 

ments pr imari ly  of pebble s i z e  but  including some cobble-size fragments; most 

of the  s c o r i a  is gray t o  dark gray and black fine-grained o l i v i n e  b a s a l t  

(Bingler and Trexler ,  1977). Most of t h e  flows are composed of ves i cu la r  or 

flow banded b a s a l t i c  andesi te .  Bingler (1977) reported a K-Ar i so top ic  age of 

1.36 - + 0.29 Ma on a sample south o f  t h e  c inder  cone (Appendix A). 

In t h i n  sec t ion ,  t h e  flow banding is expressed by t h e  alignment of t h e  

lath-shaped p lag ioc lase  c r y s t a l s  i n  t h e  groundmass. The rock has a rn i c ro l i t i c  

t e x t u r e  of plagioc lase  (85x1, o l i v i n e  (5-10%), opaques (3-5%) and g lass .  Lar-  

ge r  (0.1-0.5 mm) plagioc lase  phenocrysts are very rare. Ol iv ine  g ra ins  show a t  

l e a s t  p a r t i a l  a l t e r a t i o n  t o  idd ings i te .  

S i l v e r  Springs Basaltic Andesite 

The S i l v e r  Springs flows were probably erupted from a vent  i n  t h e  e a s t e r n  

Virg in ia  Range and flowed southeastward. The b a s a l t  is black wi th  phenocrysts 

of  p lag ioc lase ,  o l iv ine ,  and pyroxene i n  a m i c r o l i t i c  mat r ix  of plagioclase,  

o l i v i n e ,  pyroxene, opaques and g lass .  

P lag ioc lase  phenocrysts are lath-shaped and commonly albite-twinned, rang- 

ing  in  s i z e  from matr ix  t o  as long as 1 mm. Carlsbad twinning is common. 

Other l a r g e r  (1 mm average) p lag ioc lase  phenocrysts d i sp l ay  zonary banding 

( T i l l e y  and o the r s  , 1964) genera l ly  due t o  ultra-microscopic-twinning. But i n  

some phenocrysts,  t h i s  zonary banding is a l s o  due t o  compositional zoning i n  
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the  phenocrysts, wi th  margins of the  zones wi th in  the  c r y s t a l s  marked by ce l lu -  

lar  zones of included o l i v i n e  and pyroxene ( ? I .  A s  many as 15 bands were ob- 

served i n  a s i n g l e  c r y s t a l .  

Ol ivine phenocrysts occur a s  subrounded t o  subangulat  g ra ins ,  or i n t e r -  

locked with plagioclase.  Margins of t h e  o l i v i n e s  are a l t e r e d  t o  idd ings i te .  

Grains genera l ly  range i n  s i z e  from mat r ix  t o  .5 nun. 

Pyroxene phenocrysts have abundant opaque inc lus ions  aloug cleavage planes 

and c r y s t a l  boundaries. Pyroxene is genera l ly  found inter locked wi th  plagio- 

clase. 

McClellan Peak Olivine Basalt 

The McClellan Peak o l i v i n e  b a s a l t  (Thompson, 1956) is present  i n  t h e  

McClellan Peak-American Flat a rea  of c e n t r a l  Storey County and i n  t h e  Long 

V a l l e y  a r e a  south and west of Clark Mountain (Bonham, 1969) . Potassium-argon 

analyses  of t h e  flows ind ica t e  i so top ic  ages of 1.1 t o  1.5 Ma (Sch i l l i ng ,  1965; 

Silberman and McKee, 1972; Morton and o the r s ,  1980)  (Appendix A). 

The flows are a dark gray t o  black ves i cu la r  b a s a l t  containing l a r g e  phen- 

oc rys t s  of o l i v i n e ,  clinopyroxene ( aug i t e )  and p lag ioc lase  ( l a b r a d o r i t e )  i n  an 

in t e rg ranu la r  groundmass of micro l i t e s ,  opaques, and glass. The clinopyroxenes 

are genera l ly  o s c i l l a t o r y  zoned and contain abundant inc lus ions  of o l i v i n e ,  

p lag ioc lase  and opaque minerals,  Fo 68 t o  Fo Olivine (microprobe composition: 

75) occurs genera l ly  as angular  t o  subangular g ra ins  l a r g e r  than 2 mm i n  dia-  

meter. P lag ioc lase  phenocrysts are lath-shaped and vary from phenocryst t o  

groundmass sizes;  zoning is  present  but r e l a t i v e l y  uncommon; and both a l b i t e  

and p e r i c l i n e  twin laws apply. Microprobe composition of t he  p lag ioc lase  phen- 

ocrys ts  range from An 65 t o  An 78 ( l a b r a d o r i t e  t o  b y t o m i t e ) .  Bioti te g r a i n s  

have been i d e n t i f i e d  in  t h i n  sec t ion ,  but a r e  r a re .  
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Churchi l l  But te  Basa l t i c  Andesites 

Basa l t i c  andes i te  samples in  the  Churchi l l  But te  area were co l l ec t ed  from 

Table Mountain, Churchi l l  Butte,  and Cleaver Peak (see Table 1). 

Table Mountain. The Table Mountain flow is a s m a l l  agglomerate flow 

located on top  of Susan's Bluff.  The rock i s  composed predominantly of la th-  

shaped p lag ioc lase  (approximately 70%) ranging i n  s i t e  from groundmass t o  phen- 

ocrys ts  averaging 0.7 mm in  diameter. Alb i te  and p e t i c l i n e  twinning are com- 

mon, with average composition of andesine t o  l a b r a d o r i t e  (about An 5 0 ) .  Oscil- 

l a t o r y  zoned and zonary banded phenocrysts show some re so rp t ion  along g ra in  

boundaries. 

Other phenocrysts present i n  small amounts include oxyhornblende (5 5%) 

and pyroxene (1-2X); o l i v i n e  is rare .  The oxyhornblende phenocrysts range up 

t o  1 mm i n  s i z e  and typ ica l ly  have opaque r eac t ion  r im.  The pyroxene ( aug i t e )  

gra ins  range fram 0.5 t o  1 mm i n  s i z e ,  wi th  opaques present  as inc lus ions  and 

along cleavage planes. Some of these  phenocrysts appear t o  have been t o t a l l y  

replaced by opaques (magnetite 1 ) .  Opaques a r e  a l s o  commonly d i s t r i b u t e d  i n  

the  groundmass. 

Churchi l l  Butte. The Churchi l l  Butte flows a r e  black and po rphyr i t i c  wi th  

occasional l a r g e  ( u p  t o  4 mm diameter) phenocrysts of i n t e r lock ing  p l ag ioc la se  

and pyroxene. P lag ioc lase  phenocrysts t y p i c a l l y  are lath-shaped or rectangu- 

lar ,  and exh ib i t  a l b i t e ,  p e r i c l i n e  and car lsbad twinning. Zonary banding, 

while genera l ly  due t o  ultra-microscopic-twinning, i s  marked wi th in  p l ag ioc la se  

c rys t a l s  by c e l l u l a r  zones o r  zones of opaque inclusions.  Pyroxene phenocrystc 

a r e  common (5-10%) and occur as subrounded t o  subangular g ra ins ,  gene ra l ly  wi th  

opaque inclusions.  Subophitic t ex tu res  a r e  common. Olivine,  though rare, 

occurs as small (<0.1 mm) rounded grains .  These phenocrysts occur i n  a ground- 

mass of plagioclase,  pyroxene, opaques and g lass .  
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Cleaver Peak. A series of  flows cap Cleaver Peak. The flow sampled 

(83348)  is a black,  ves i cu la r  b a s a l t i c  andesi te .  Mineralogical ly ,  t h e  rock is  

predominantly (80-85%) plagioclase.  These lath-shaped, a l b i t e  and pericl ine  

twinned c r y s t a l s  range i n  s ize  from groundmass to  phenocrysts 1.5 t o  2 mm i n  

length.  Normal zoning is observed, but i s  not  common. 

Olivine phenocrysts occur as subrounded t o  subangular g ra ins  o r  may be in- 

te r locking  wi th  plagioclase.  Margins of the  g ra ins  and f r a c t u r e  borders exhib- 

it minor a l t e r a t i o n  t o  idd ings i te ;  small  opaque inc lus ions  are common. Gener- 

a l l y ,  t he  o l i v i n e  g ra ins  are less than 0.5 mm diameter. 

These phenocrysts are contained i n  a microli t ic groundmass of plagioclase,  

o l iv ine ,  opaques, and g lass .  Minor secondary a l t e r a t i o n  i s  evidenced by a very 

t h i n  c a l c i t e  vein ( f r a c t u r e - f i l l i n g )  i n  t h i n  s e c t i o n  and by very t h i n  coa t ings  

of  c a l c i t e  on v e s i c l e  walls.  

Carson Desert Volcanics 

The youngest volcanic  rocks i n  t h e  Carson Desert area have been mapped by 

Morrison (1964) as b a s a l t  flows, b a s a l t i c  sediments and b a s a l t i c  l a p i l l i  t u f f s .  

These include,  as p a r t  of t h i s  s tudy,  Rat t lesnake H i l l ,  Upsal Hogback, and Soda 

Lake. 

Rattlesnake H i l l .  Morrison (1964) descr ibes  Rat t lesnake H i l l  as a much 

eroded cone one m i l e  i n  diameter and 200 f e e t  high wi th  a shallow c r a t e r  1000 

f e e t  i n  diameter a t  i t s  center .  Black t o  dark  gray flows d i p  outward from t h e  

cone. The c r a t e r  is  underlain by a chaot ic  agglomerate of ves i cu la r  b a s a l t i c  

blocks. The flows y i e ld  a K-Ar i so top ic  age of 1.03 2 0.05 Ma (Evans, 1980) 

(Appendix A) . 
In  t h i n  sec t ion ,  sample #3350 is porphyr i t ic  with in te r locking  g r a i n s  of 

p lag ioc lase ,  o l iv ine ,  pyroxene, and opaques; t h e  opaques a r e  typ ica l ly  needle- 
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shaped masses. The t ex tu re  appears plutonic;  no fine-grained groundmass i s  

present.  Feldspars are typ ica l ly  lath-shaped wi th  a l b i t e  and p e r i c l i n e  twinn- 

ing o r  rectangular  with o s c i l l a t o r y  zoning or zonary banding due t o  twinning. 

Pyroxene and o l i v i n e  d isp lay  p o i k i o l i t i c  texture .  

Upsal Hogback b a s a l t . .  Upsal Hogback cons i s t s  of a series of maars, t u f f  

r ings  and base surge depos i t s ,  wi th a t  least four and possibly seven vents  

i d e n t i f i e d  by Morrison (1964) . Maars are c r a t e r - l i k e  depressions up t o  seve ra l  

miles i n  diameter r e s u l t i n g  from repeated phreatomagmatic explosions ,and conse- 

quent subsidence; they commonly contain appreciable,  amounts of tuffaceous ma- 

terial. The youngest ( ? )  vent is a t  the  nor th  end of Upsal Hogback; i t s  c r a t e r  

i s  roughly c i r c u l a r  and about one-half m i l e  i n  diameter. The cones a r e  com- 

posed of well-indurated b a s a l t  c inder  t u f f ,  h ighly  (up t o  30%) o l i v i n e  r ich .  

In  th in  sec t ion ,  these  b a s a l t s  a r e  composed of phenocrysts of o l i v i n e  

(10%) and plagioclase (10%) in  a f i n e  m i c r o l i t i c  grouadmass of plagioclase,  

opaques, o l i v i n e ,  g l a s s  and minor pyroxene. Flow s t r u c t u r e s  i n  t h e  groundmass 

a r e  evidenced by alignment of lath-shaped p lag ioc lase  c r y s t a l s  around pheno- 

c rys t s  and ves ic les .  Some of t he  v e s i c l e s  have a very t h i n  l i n i n g  of c a l c i t e .  

Phenocrysts of o l i v i n e  (microprobe composition: Fo 77 t o  Fo 87) are typi- 

c a l l y  l a rge  (up t o  7 mm diameter) ,  wi th only minor a l t e r a t i o n  t o  idd ings i t e  

along g ra in  margins. Plagioclase phenocrysts (microprobe composition: An 60 

t o  An 71) show both c e l l u l a r  zones similar t o  the  Generation Tko phenocrysts of 

Steamboat H i l l s  ( f i g .  9 )  and c e l l u l a r  cores. A few quartz  phenocrysts were 

observed; t hese  gra ins  exh ib i t  resorp t ion  with pyroxene r eac t ion  rims enclosing 

them. 

Upsal Hogback rhyo l i t e .  In  t h e  southern port ion of Upsal Hogback, blocks 

and fragments of flow-banded r h y o l i t e  were found wi th in  the  b a s a l t i c  flows. In  

th in  sec t ion ,  the  r h y o l i t e  is very f i n e  grained wi th  flow banding emphasized by 
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Figure 9. Photomicrograph of feldspar phenocryst from Upsal Hogback 
basalt,  sample #3351. Note ce l lu lar  zone with overgrowth 
within crystal ,  similar t o  phenocrysts from Steamboat H i l l s  
a s  shown in Figure 8.  
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small (0.1 t o  0.3 mm) lath-shaped fe ldspars  or ien ted  subpa ra l l e l  t o  the  f l o w  

banding in  the  g lassy  matrix. Sparse phenocrysts of b i o t i t e  and K-feldspars 

are typ ica l ly  less than 0.5 mm diameter. 

c a l l y  twinned. 

The K-feldspar phenocrysts are typi-  

Soda Lake. Morrison (1964) descr ibes  the  Soda Lake volcanic  complex as an 

e l l i p t i c a l  cone, 100 f e e t  high and 1 113 t o  2 113 mi les  i n  diameter,  wi th  Soda 

and L i t t l e  Soda Lakes occupying c r a t e r s  wi th in  the  cone of sandy pyroc la s t i c  

debris .  Similar  t o  Upsal Hogback, t he  Soda Lake volcanics  cons i s t  of an over- 

lapping complex of maar volcanoes and assoc ia ted  base surge deposi ts .  

Two lower s t r a t i g r a p h i c  u n i t s  o r i g i n a l l y  described by Russel l  (1885) as 

dominated by b a s a l t i c  l a p i l l i  are now e s s e n t i a l l y  below l ake  leve l .  The upper 

unit composed of four  zones is  exposed around Soda Lake. The lowermost Zone is  

composed mainly of b a s a l t i c  l a p i l l i  sand and tu fa ;  t h e  second zone is s lope  

wash of pebbly sand. The t h i r d  zone (45 t o  60 f e e t  th ick)  is l a c u s t r i n e  sedi-  

ments l o c a l l y  containing up t o  60% b a s a l t i c  l a p i l l i  and less than a few percent 

volcanic bombs and blocks of  basa l t .  This t h i r d  zone is also descr ibed by 

Morrison (1964) as containing rare pebbles of gne iss ,  r h y o l i t e  and o the r  non- 

b a s a l t i c  rocks. The four th  zone i s  similar t o  the  t h i r d  but i s  poorly so r t ed ,  

unconsolidated and probably subaer ia l .  These zones are co r re l a t ed  by Morrison 

(1964) with Sehoo age (35,000 t o  6,000 years )  depos i t s .  

In t h i n  sec t ion ,  t h i s  b a s a l t  (f3356) has phenocrysts of o l i v i n e  and plag- 

i oc l a se  i n  a g lassy  groundmass t h a t  contains  m i c r o l i t e s  of o l i v i n e  and plagio- 

c l a s e  with minor opaques. Based on microprobe ana lys i s ,  the  o l i v i n e s  range i n  

camposition from Fo 65 t o  Fo 68 and the  p lag ioc lase  phenocrysts range from An 

60 t o  An 74 ( l ab rador i t e  t o  bytownitel .  A few l a r g e  (up t o  2 mm) plagioclase 

phenocrysts are present ,  but general ly  the  phenocrysts are less than 0.75 mm 

diameter. Some plagioc lase  phenocrysts d i sp l ay  c e l l u l a r  zones similar t o  those 
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of t h e  Steamboat H i l l s  b a s a l t i c  andes i t e  ( f ig .  8 )  or Upsal Hogback b a s a l t  ( f i g .  

9 )  or have c e l l u l a r  cores. A few l i t h i c  fragments of non-basalt ic composition 

and a few resorbed quar tz  g ra ins  wi th  clinopyroxene r eac t ion  rims were also ob- 

served i n  t h i n  sec t ion .  

Desert Peak Volcanics 

The Desert Peak volcanics  cover approximately 10 square m i l e s  in  t he  Hot 

Springs Mountains ad jacent  t o  the  Desert Peak geothermal area ( f i g .  10). The 

volcanics  include ignimbri tes  and l imi ted  areas of  b a s a l t  t h a t  were mapped by 

Willden and Speed (19741, Hiner (1979) and Benoit and o the r s  (1982). 

ignimbrite.  Hiner (1979) and Benoit and o thers  (1982) descr ibe  these  

ignimbri tes  as plagioclase-hornblende a n d e s i t i c  t u f f s  unconformably overlying 

sedimentary uni t s .  Based on chemical d a t a  (Appendix E), t hese  ignimbri tes  are 

rhyodacite t o  r h y o l i t e  i n  composition (see f igs .  12 through 17, PETROCEEMISTRY 

sec t ion ) ,  even though p r i o r  s t u d i e s  have i d e n t i f i e d  them as andes i t e s  based on 

f i e l d  cr i ter ia  (Hiner, 1979; Willden and Speed, 1974). Folding and f a u l t i n g  

preceded and i n  p a r t  cont ro l led  depos i t ion  of the  ash flows. The sequence is 

composed of s e v e r a l  ash flow sheets ;  t he  su r face  is present ly  e ros iona l .  

., 

The ignimbri tes  grade upward from a pumice-rich n o n r e l d e d  lower s e c t i o n  

( f ig .  11) i n t o  a densely welded v i t rophyr i c  middle tone. Degree of welding de- 

creases  higher  up i n  t h e  sect ion.  The basa l  por t ion  conta ins  abundant dark 

gray pumice fragments t h a t  commonly show f l u i d a l  banding wi th  mote s i l i c e o u s  

l i g h t  gray pumice. The abundance of pumice and l i t h i c  fragments decreases  up- 
. .  

ward . 
In t h i n  sec t ion ,  the t u f f  (samples DP-2A and DP-3) exh ib i t s  e u t a x i t i c  tex- 

t u r e  and f l u i d a l  banding. The g lassy  groundmass contains  mic ro l i t e s  of plagio- 
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Figure 10. Oblique aerial photograph of Desert Peak area showing ashflow 
and Desert Peak geothermal area. 

40 



Figure 11. Lower portion of Desert Peak ashflow showing 
mixed l i ght  and dark pumice blocks. 
i n  lower portion of photo for scale. 

Hammer 
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clase, K-feldspar, pyroxene and opaques; i t  is gene ra l ly  phenocryst poor w i t h  

K-feldspar, hornblende and p lag ioc lase  phenocrysts less than 0.25 mm i n  s i z e .  

The v e s i c u l a r  dark  gray, lower s i l i c a  (as%, Appendix E) pumice (sample DP- 

5B) i n  t h i n  s e c t i o n  is  very g l a s s y  wi th  p l ag ioc la se  (<0.5 mm), o l i v i n e  (<0.25 

mm), and hornblende (<0 .3  mm) phenocrysts and minor pyroxene. Opaques are pre- 

s e n t  as l a r g e  masses (<0.3 mm) o r  wi th in  t h e  groundmass. 

The more s i l i c e o u s  (69% Si0  Appendix E), l i g h t  gray pumice from t h e  low- 

er  por t ion  of &he sequence (sample #3357) is composed o f  a ve ry  f i n e  m i c r o l i t i c  

groundmass of p lag ioc lase  and minor opaques wi th  rare (1-2X) p l ag ioc la se  pheno- 

c r y s t s  (<0.5 mm). 

2, 

Glass shards  and pumice fragments predominate. 

b a s a l t i c  andes i te .  The b a s a l t i c  a n d e s i t e  flow sample (53360) from t h e  t o p  

of Desert Peak is  composed of  a m i c r o l i t i c  groundmass of  predominantly plagio- 

clase, opaques, and o l iv ine .  Phenocrysts, t y p i c a l l y  less than 1.5 mm i n  s i z e ,  

include p lag ioc lase ,  o l i v i n e  and opaques. The p lag ioc la se  phenocrysts are typ- 

i c a l l y  a l b i t e  and p e r i c l i n e  twinned wi th  zonary banding due t o  ultra-micro- 

scopic-twinning; no c e l l u l a r  t ex tu res  were observed i n  t h i n  sec t ion .  Ol iv ine  

is  present e i t h e r  as s i n g l e  g r a i n s  o r  intergroim wi th  p lag ioc lase .  
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PETROCHEMISTRY 

The petrochemical charac te r  of t he  volcanic  rocks from l o c a l i t i e s  within 

t h i s  study a r e a  (Table 2) can be evaluated based on t h e  major element and minor 

element chemistry. 

a t e  s ec t ion  of t h i s  repor t .  

Isotope chemistry of t hese  samples is discussed i n  a separ- 

Major Element Chemistry 

Analyses of the  young volcanic  rocks i n  the  study a r e a  (Appendix E and 

f ig .  12) show t h a t  rocks containing between 59% and 69% s i l i c a  are absent  (DB- 

5B with 62.9% s i l i c a  is an included pumice). Therefore, t hese  volcanics  repre- 

sen t  a bimodal s u i t e  similar t o  those described by Chris t iansen and Lipnan 

(1972) f o r  t he  Basin and Range Province. A s  shown i n  Figure 12, t he  major ele- 

ment compositions can be used t o  iden t i fy  those volcanics  t h a t  are a l k a l i n e  or 

high-alumina i n  composition. Two d i s t i n c t  subtrends are recognized wi th in  t h e  

a l k a l i c  trend (Stewart and Thornton, 19751, one r i c h  i n  K 0 and t h e  o ther  poor 

i n  K 0. The d i s t i n c t i o n  between these  two t rends  is shown on Figure 13. Simi- 

l a r  v a r i a t i o n  i n  the  a l k a l i  versus s i l i c a  composition can be seen i n  Figure 14. 

2 

2 

Although the  Steamboat H i l l s  b a s a l t i c  andes i te  samples show a s l i g h t l y  higher  

Na 0 content than rocks from o the r  por t ions  of the  study area, the  r e l a t i o n s h i p  
I 

2 
shown he re  suggests  t h a t  K 0 replaced Na 0 i n  a base exchange r eac t ion  ( L i p a n ,  

2 2 
1965) during primary c r y s t a l l i z a t i o n  o r  secondary react ions.  

Figure 15 is a p lo t  of normative quar tz  and fe ldspar  f o r  those volcanic  

rocks with more than 10% normative quartz ,  based on PETCAL normative calcula-  

t i ons  (Appendix E) .  The rock types determined by these  normative ca l cu la t ions  

a r e  shown i n  Figure 16. A l l  of these  samples have a K O/Na 0 r a t i o  of  less 2 2  
than 2 (0.37 t o  1.33, Appendix E).  These d a t a  ( f ig .  13 through 15) suggest 

t h a t  chemical composition of these  rocks was probably cont ro l led  by c rys t a l -  

l i qu id  o r  l i q u i d - s t a t e  d i f f e r e n t i a t i o n .  
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ABBRKVIATIOH 

CB 

cc 

CP 

DP 

MP 

RH 

SL 

ss 

TM 

UH 

SAUPLE ImALITP 

Churchill Butte 

Carson City 

Cleaver Peak 

Desert Peak 

McClellan Peak 

Rattlesngke H i l l  

Soda Lake 

Silver Springs 

Table Mountain 

Upsal Hogback 

(NOTE: Abbreviations are used on Figure 12 through 

31. Steamboat H i l l s  samples are identif ied 

by open c i rc l e s . )  

Table 2. Sample loca l i ty  abbreviations. 
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Figure 17  compares the a lka l i -maf ic  (AMF) compositions of the  s u i t e  of 

rocks in  t h i s  study t o  the  Cascade and Snake River P la in  (SRP) volcanics.  The 

mafic rocks of t he  s u i t e  are depleted in  t o t a l  FeO and enriched i n  MgO wi th  re- 

spect  t o  the  cont inenta l  b a s a l t s  from the  Snake River P la in ,  and a r e  s l i g h t l y  

enriched i n  t o t a l  FeO and s l i g h t l y  depleted i n  MgO compared t o  t h e  cont inenta l  

margin volcanics  of t he  Cascades. 

Two samples, t he  McClellan Peak b a s a l t  (lF3346) and t h e  Upsal Hogback 

basa l t  (#3354), a r e  s t rongly  enriched i n  MgO r e l a t i v e  t o  a l l  o the r  rocks and 

t rends p lo t ted  on Figure 17. The high MgO content  of  t hese  two rocks was a l s o  

re f lec ted  i n  t h e i r  mineralogy (abundant o l i v i n e  phenocrysts) and i n  t h e  micro- 

probe composition of t he  o l i v i n e s  (Fo 68 t o  Fo 87) .  Computed Mg-values (= 100 

MG/(MG + Fe+2)) f o r  these  two samples ranged from 53 t o  56. These values are 

comparable t o  those computed by Suneson and Lucchita (1983) f o r  mafic volcanic  

rocks i n  t he  southern Basin and Range Province (Castaneda B i l l s ,  Arizona, Xg- 

values = 40 t o  57). The abundance of Mg-rich o l i v i n e s  i n  t h e s e  b a s a l t s  suggest  

t h a t  c r y s t a l  f r ac t iona t ion  probably occurred, and would have r e su l t ed  i n  lower 

Mg content in  the  magma. 

The a lka l i - r i ch  s i l i c i c  rocks t h a t  range from d a c i t e  t o  r h y o l i t e  composi- 

t i o n  ( f i g .  16) a r e  comparable in  major element composition and i n  range of 

mafics t o  both the  s i l i c i c  rocks of t h e  Cascades and the  Snake River P la in  rhy- 

o l i t e s  ( f i g .  17). The s i l i c e o u s  (>as% S i 0  volcanic  rocks a t  Desert Peak 

(#DP-ZA, DP-3, 3357) are high-K a l k a l i c  i n  charac te r  and should more properly 

be re fer red  t o  as r h y o l i t i c  ( f i g s .  1 2  through 17) .  This is a r e v i s i o n  of t h e  

2 

previous i d e n t i f i c a t i o n  of these  rocks as andes i tes  based on f i e l d  cr i ter ia  by 

Willden and Speed (1974) and Benoit and o thers  (1982). Hiner (1979) has also 

mapped these u n i t s  as andes i tes ,  although he r e f e r s  t o  chemical ana lyses  (not  

included i n  h i s  r epor t )  t h a t  suggest i d e n t i f i c a t i o n  as trachy-andesites.  
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Trace Element Chemistry 

Analysis of t h e  t r a c e  element d a t a  (Appendix C) revea ls  both reg iona l  

t rends  wi th in  t h e  volcanics  of  west-central  Nevada and a t  least  two enrichment- 

deple t ion  pa t t e rns  r e f l e c t e d  i n  samples from s p e c i f i c  l o c a l i t i e s .  

Rubidium (Rb), s t ront ium (Sr ) ,  t h e  l i g h t  Rare Earth Elements (REE; y t t r i um 

(Y), cesium (Ce), lanthanum (La), scandium (Sc)) and chromium ( C r )  were se l ec t -  

ed f o r  v a r i a t i o n  ana lys i s  s ince  these  elements are most suscep t ib l e  t o  frac- 

t i ona t ion  e f f e c t s  and showed t h e  most v a r i a t i o n  *within t h e  volcanic  rocks 

s tudied.  Variat ion diagrams of Rb/Sr ( f i g .  181, Sr/Y ( f i g .  191, Ce/La ( f i g .  

20) and Sc/Cr ( f i g .  21) dep ic t  t h e  reg iona l  t rends  i n  t h e s e  t r a c e  element abun- 

dances . 
The trend of  the  Rb/Sr d a t a  ( f i g .  18) may represent  a l i qu id  l i n e  of 

descent  f o r  magmas having similar source regions o r  compositions but a f f ec t ed  

by c r y s t a l  f r ac t iona t ion .  Two por t ions  o t  t h e  t rend  show a negat ive  cor re la -  

t i o n  between Rb and Sr. These are 1) t he  s i l i c e o u s  rocks of  Desert Peak and 

the  r h y o l i t e s  of  Upsal Hogback and Steamboat H i l l s  and 2)  t he  mafic volcanic  

rocks of t h e  western por t ion  of  t h e  study area, wi th  t h e  Steamboat H i l l s  sam- 

p le s  c lose ly  c lus te red .  These nega t ive  Rb/Sr c o r r e l a t i o n s  could be due t o  

f r ac t iona t ion  of t he  feldspars .  The p o s i t i v e  Rb/Sr c o r r e l a t i o n  exhib i ted  by 

t h e  Carson Desert volcanics  (Upsal Hogback, Soda Lake and Rat t lesnake  H i l l )  may 

be due t o  f racCionat ion of  the  mafic minerals. 

S imi la r ly ,  two d i s t i n c t  t rends  can be i d e n t i f i e d  f o r  Sr/Y values ( f ig .  

19). A p o s i t i v e  coincident  c o r r e l a t i o n  is  evident  f o r  Sr/Y values  of t he  

Carson Deeert b a s a l t s  and t h e  Desert Peak volcanics .  Data on Sr/Y values f o r  

the  western por t ion  o f  t he  study area exh ib i t  a nega t ive  co r re l a t ion ,  with t h e  

Steamboat tiills samples c lus t e r ing .  These d i f f e r e n t  t rends  may r e f l e c t  varying 

pat tern8 of f r a c t i o n a t i o n  and/or d i f f e r i n g  i n i t i a l  magma compositions. 
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Data on the light REE abundances (Ce/La, fig. 20) do not indicate any dif- 

ferences in regional trend for the Carson Desert-Desert Peak samples as conr 

pared to the other volcanics of this study. The positive correlation and vari- 

ability of Ce/La values of the regional data include the Steamboat Hills sam- 

ples that are enriched in both Ce and La compared to the other volcanics. 

The ignimbrites of Desert Peak and the rhyolites of Steamboat Hills and 

Upsal Hogback show variable Cr content but are generally depleted in Sc (fig. 

21) compared to the more mafic volcanics. The basalts of Upsal Hogback, Soda 

Lake and McClellan Peak show enrichment in both Sc and Cr. The remainder of 

the samples are fairly similar (clustered) in Sc/Cr content. 

Two contrasting enrichment-depletion patterns are reflected by the elemen- 

tal compositions of the samples from Steamboat Hills and the pumice samples 

from Desert Peak. The various basaltic andesite flows of the Steamboat Hills 

do not exhibit any consiatent variation in elemental content; this is illus- 

trated by the trace element variation diagrams (fig. 18 through 20) in which 

the Steamboat Hills data points closely cluster. Comparison of the basaltic 

andesite elemental composition (typified by sample 83327) with the elemental 

composition of the rhyolite dome at Steamboat Hills shows depletion of all ele- 

ments except for major enrichment in silica (Si), potassium (K), rhubidium (Rb) 

and niobium (Nb) and minor enrichment of chromium (Cr) (fig. 22).  

This pattern is in sharp contrast to the enrichment pattern based on the 

pumice samples from Desert Peak (fig. 23). The low silica (63%) pumice in the 

lower portion of the Desert Peak ignimbrites is most closely representative of 

the magma composition. The specific enrichment-depletion pattern shown in 

Figure 23 depicts the changes in the magma composition as eruption continues 

and fractionation and crystallization affect the magma. Similar t o  the Steaar 

boat Hills enrichment pattern (fig. 221, comparison of the light gray siliceous 
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Nb 

Figure 22. Enrichment factors for 20 elements of the  Steamboat 
H i l l s  rhyol i te  compared t o  the composition of the 
basalt ic  andesite typif ied by sample 3327. Arranged 
by atomic number, the enrichment factor is the  ra t io  
of the element content i n  3323 t o  3327. 
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Figure 23. Enrichment factors for 22 elements in  Desert Peak 
pumice. Arranged by atomic number, the enrichment 
factor i s  the ratio of the element content in  3357 
t o  DP-5B and DP-3 to  3357. 
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(692' Si0  ) pumice (P.3357) t o  t h e  dark gray, low s i l ica  (63%) pumice ( D F S B )  

( f i g .  23) of Desert Peak shows enrichment of S i ,  K, Jib, and Nb, but t h e  
2 

magnitude of enrichment is decreased by a f a c t o r  of 2 o r  3. Minor enrichment 

of sodium (Na), zirconium (Zr), barium (Ba), lanthanum (La), and cesium ( C e )  

are a l s o  indicated.  The enrichment dep le t ion  f ac to r s  comparing the  siliceous 

l i g h t  gray pumice (#3357) with the  highest  s i l i ca  content  (70%, Appendix E) 

pumice (DP-3) shows only minor enrichment or dep le t ion  of each element, wi th  

the  exception of chromium. 
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MICROPROIDE OF PEEUOCRYST PHASES 

Microprobe analyses  were performed on cellular p lag ioc lase  phenocrys t s  i n  

samples of  Steamboat H i l l s  b a s a l t i c  andes i tes  and Upsal Hogback and Soda Lake 

basa l t s .  Representative a n o r t h i t e  histograms of microprobe t r ave r ses  from 

these  samples are shown i n  Figures 24 and 25. Normalized oxide compositions 

and ca lcu la ted  f e ldspa r  contents f o r  t hese  t r ave r ses  are l i s t e d  in  Appendix F. 

These c e l l u l a r  p lag ioc lase  phenocrys t o  are reverse ly  zoned, t y p i c a l l y  wi th  

more sodic  cores  (An 20 t o  An 35) and more c a l c i c  rims (An 50 t o  An 70). The 

ranges of v a r i a t i o n  i n  composition are r e f l e c t e d  by t h e  e igh t  histograms in  

Figures 24 and 25. The compositions of  t he  phenocryst rims approach those of 

non-cellular,  lath-shaped p lag ioc lase  c r y s t a l s  (shaded por t ions  of  histograms, 

f i g .  24 & 2 5 )  t h a t  occur e i t h e r  wi th in  t h e  groundmass or as a second phenocryst 

generat ion (see f ig .  8). 

The c e l l u l a r  zones and d i f f e rences  i n  composition between the  cores of  

t hese  phenocrysts and t h e  rims suggest t h a t  t hese  f e ldspa r s  were no t  i n  e q u i l i -  

brium wi th  the  c r y s t a l l i z i n g  condi t ions (P-T-X; pressure-temperature-chemical) 

of  t he  hos t  rock. Two o r i g i n s  are therefore  possible;  t h e  phenocrysts may have 

no  r e l a t i o n  t o  t h e  hos t  rock or they may be cognate phenocrysts. 

These Steamboat H i l l s  b a s a l t i c  andes i tes  and Carson Desert b a s a l t s  have 

been intruded through a v a r i e t y  of  o lde r  volcanic  and sedimentary rocks and ig- 

neous masses. L i t h i c  fragments or s e l e c t i v e  mineral  phases (e.g., t h e  fe ld-  

spars )  could have been incorporated i n t o  t h e  r i s i n g  magma. Arguments aga ins t  

any s i g n i f i c a n t  contamination are based on normative f e ldspa r  compositions, 

bulk chemical composition and S r  i so top ic  data .  The modal compositions of t h e  

normative fe ldspars  i n  t h e s e  rocks (andesine t o  l ab rador i t e )  are i n  f a i r  agree- 

ment with t h e  range of An composition of t h e  phenocrysts determined by micro- 
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probe ana lys i s  ( f i g .  24 and 25).  The bulk chemistry, both major (Appendix E) 

and minor (Appendix C) chemistry, of t hese  rocks has not  been s i g n i f i c a n t l y  al- 

tered by contamination with genera l ly  more s i l i c i c  c r u s t a l  rocks. The Sr  iso-  

top ic  ratios of p lag ioc lase  separates are comparable t o  whole rock, ratios (see 

Strontium Isotope d iscuss ion) ,  a t  least f o r  t h e  Steamboat H i l l s  b a s a l t i c  aude- 

sites. 

Therefore, s i n c e  these  phenocrysts are not  fore ign  t o  t h e  magma, they m u s t  

be cognate phenocrysts t h a t  c r y s t a l l i z e d  under a p a r t i c u l a r  set of P-T-X condi- 

t i ons  t h a t  d i f f e r  from those  condi t ions under which t h e  hos t  rock c r y s t a l l i z e d .  

The implicat ions of t hese  cognate phenocrysts on t h e  petrogenesis  of t hese  

rocks i s  discussed i n  a later s e c t i o n  of t h i s  repor t .  

. .  
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SZ”TIM ISOTOPES 

Twelve whole rock samples, represent ing  t h e  range of rock types wi th in  t h e  

study area,  were se l ec t ed  f o r  S r  i s o t o p i c  a n a l y s i s  (Table 3).  P lag ioc lase  min- 

eral sepa ra t e s  from two of t h e  samples (533044  and 1F3312-S) from t h e  Steamboat 

H i l l s  b a s a l t i c  a n d e s i t e  were a l s o  included. Because of t h e  r e l a t i v e  young ages 

and low Rb/Sr r a t i o s  (Table 3) in  these  samples,  t h e r e  has not  been s i g n i f i c a n t  

build-up of radiogenic 8%r/8%r through decay of Rb. Therefore, t h e  Sr  iso- 

tope r a t i o s  observed are cons i s t en t  wi th  i n i t i a l  values,  except f o r  t h e  Steam- 

boat H i l l s  r h y o l i t e  (Table 3). 

The t h r e e  b a s a l t s  (McClellan Peak P3346, Rattlesnake H i l l  f3350 and Upsal 

Hogback 53354) have Sr  r a t i o s  of 0.7036 t o  0=7048. The b a s a l t i c  andes i t e s  

range from 0.7042 t o  0.7051. The more s i l i c i c  ( r h y o l i t i c )  rocks have high 

Rb/Sr r a t i o s ,  wi th  Steamboat H i l l s  r h y o l i t e  (153323) having a 87Sr/86Sr r a t i o  of 

0.7059 (ca lcu la ted  i n i t i a l )  and Deser t  Peak ign imbr i te  (53357) having a r a t i o  

- 

of 0.7044. Although wi th in  the  range of values f o r  oceanic b a s a l t s  (Hedge and 

o the r s ,  19721, Sr  r a t i o s  f o r  t hese  western Nevada rocks are h igher  than almost 

a l l  oceanic rocks which t y p i c a l l y  are less than 0.7040. In t h e  Great Basin and 

eas t e rn  S i e r r a  Nevada, b a s a l t s  commonly have Sr r a t i o s  of 0.7027 t o  0.708 

(Hedge and Noble, 1971; Mark and o the r s ,  1974; Leeman and Rogers, 1970; S c o t t  

and o the r s ,  1971; Leeman, 1982). These values (Table 3) are: 1 )  comparable t o  

the  range of S r  r a t i o s  (0.7027 t o  0.7043) f o r  t h e  southern Cascades (Peterman 

and o t h e r s ,  1970; Mertzman, 1979); 2) wi th in  t h e  range of i n i t i a l  values 

(0.7034 t o  0.7062) f o r  5 t o  1 2  m.y. old b a s a l t s  i n  t h e  southern Basin and Range 

(Suneson and Lucchita, 1983); and 3) genera l ly  wi th in  t h e  range (0.7043 t o  

0.7056) reported by Morton and o the r s  (1980, 1983) f o r  younger volcanic rocks 

i n  the  nor thern  Virg in ia  Range including McClellan Peak and Steamboat H i l l s .  

The Sr  r a t i o s  (Table 3) a r e  lower than values (0.7054 t o  0.7076) reported by 
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SAMPLE 

3 304 

3312 

3314 

3323 

3339 

3344 

3346 

3347 

3348 

3350 

3354 

3357 

3304-S 

331 2-S 

LOCALITY 

Steamboat Hills 

Steamboat Hills 

Steamboat Hi1 1s 

Steamboat Hills 

Carson City 

Table Mountain 

McClellan Peak 

Churchill Butte 

Cleaver Peak 

Rattlesnake Hi1 1 

Upsal Hogback 

Desert Peak 

Steamboat Hills 

Steamboat Hills 

0.70466 2 0.00007 

0.70456 2 0.00011 

0.70506 2 0.00012 

0 -70633 2 0.00008 
0.70586 2 0.00008* 

0.70453 2 0.00006 

0.70419 2 0.00006 

0.70483 - + 0.00010 

0.70474 2 0.00009 

0.70460 - +’ 0.00010 

0.70426 20 .00004  

0.70364 - + 0.00005 

0.70443 - + 0.00009 

0.70451 - + 0.00004 

0.70487 2 0.00006 

Rb/Sr 

0.036 

0.038 

- 

0.057 

11.600 

0.035 

0.010 

0 -029 

0.029 

0.025 

0.090 

0.056 

0.379 

-- ‘ 

Table 3. Strontium isotope data for young volcanic rocks from 

west-central Nevada. 
+ ,  

66 



Leeman and lanton (1971) f o r  t he  Snake River P la in  volcanics  but are comparable 

t o  values (0.703 t o  0.706) f o r  b a s a l t s  and r h y o l i t e s  i n  t h e  Modoc Plateau re- 

gion of northwest Nevada and adjoining s t a t e s  (Leeman, 1982). 

Corre la t ions  of 8 7 S r g 6  Sr wi th  Sr ( f i g .  26) and with Rb/Sr ( f i g .  27) a r e  

used t o  evaluate  the  r o l e  of c r u s t a l  contamination i n  generat ing the  mafic 

(<59%, Si02) volcanic  rocks i n  t h e  study area.  I f  a mafic magma were contamin- 

a ted by c r u s t a l  material wi th  high Rb content ,  high Rb/Sr r a t i o  and high 87Sr/ 

86Sr r a t i o ,  p l o t s  of 87Sr/ Sr versus Sr would show a negat ive  c o r r e l a t i o n  and 

87Sr/ As shown on Figures  

27 and 28, p o s i t i v e  c o r r e l a t i o n s  e x i s t  i n  both of t hese  d a t a  sets. Therefore,  

contamination of t hese  magmas by c r u s t a l  ma te r i a l  with s i g n i f i c a n t  amounts of  

radiogenic Sr  can be ruled out .  

86 

Sr  versus  Rb/Sr would show a pos i t i ve  co r re l a t ion .  86 

Examination of Figures  26 and 27 and a p l o t  of 87Sr/86Sr versus  Rb ( f i g .  

28) reveals  regional  t rends  t h a t  p a r a l l e l  t rends  i n  t h e  t r a c e  element chemistry 

( see  f ig .  18 through 21). In p a r t i c u l a r ,  t he re  is a d i s t i n c t i o n  between t h e  

Carson Desert-Desert Peak volcanics  and t h e  volcanics  of  t h e  western por t ion  of 

the  study area.  Figure 26 i l l u s t r a t e s  t h e  genera l ly  low Sr content  and lower 

87Sr/86Sr r a t i o s  of  t he  Carson Desert/Desert Peak volcanics.  Figure 27 indi-  

ca t e s  t w o  subpa ra l l e l  p o s i t i v e  t rends ,  w i t h  t h e  Upsal Hogback and Rat t lesnake 

H i l l  b a s a l t s  having lower 87Sr/86Sr r a t i o s  but higher  Rb/Sr r a t i o s  than any of 

t he  o ther  mafic rocks; sample 13357 f r d  Desert Peak exh ib i t s  t hese  same char- 

a c t e r s i t i c s ,  although more s i l i c e o u s .  Figure 28 a l s o  shows two t rends  wi th  t h e  

Carson Desert-Desert Peak samples having a more systematic  c o r r e l a t i o n  between 

87Sr/86Sr and Rb than t h e  volcanics  of t h e  western por t ion  of  t h e  study a r e a  

which genera l ly  tend t o  be more depleted i n  Rb. 

Sample f3323 of t h e  Steamboat H i l l s  r h y o l i t e  wi th  an i n i t i a l  Sr i so tope  

r a t i o  of 0.7059 is wi th in  the  range reported by Noble and o the r s  (1972) f o r  

s i l i c e o u s  volcanic  rocks in  the  western Great Basin. Morton and o the r s  (1980) 
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Figure 26. Strontium versus strontium isotope ratio for non-rhyolitic 
volcanic rocks of west-central Nevada. 
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for  mafic (<59% S i 0  ) volcanic rocks from west-central 
Nevada, DP-3357, whh  69% S i O q  has Rb/Sr of 0.379. 
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r epor t  a comparable 87Sr/86 Sr r a t i o  of 0.7055 f o r  t h e  Steamboat H i l l s  rhyo- 

l i t e .  

The t h r e e  br i sa l t ic  andes i t e  samples of Steamboat B i l l s  have Sr i so tope  

values ranging from 0.7046 t o  0.7051 (Table 3) .  Morton and o t h e r s  (1980) 

r e p o r t  a comparable value of 0.7052. This range of Sr  i s o t o p i c  r a t i o s  is 

probably not  due t o  c r u s t a l  contamination because of t h e  high Sr contents  

", .J 
-.. 

(Appendix C) and low Rb/Sr r a t i o s  ( f ig .  28). Large proportions of c r u s t a l  

material would have t o  be assimilated t o  modify 87Sr/86Sr, and t h i s  would be 

r e f l e c t e d  i n  t h e  chemical compositions of t hese  b a s a l t i c  andes i t e s  (Leeman, 

1970; Hedge and Noble, 1971). Such contamination by c r u s t a l  material is not 

r e f l e c t e d  i n  e i t h e r  t h e  major o r  t r a c e  element chemistry of these volcanics  

(Appendix C, f i g .  18 through 22). Lack of contamination is f u r t h e r  substan- 

t ia ted by t h e  S r  i eo top ic  r a t i o s  f o r  t h e  two mineral s epa ra t e s  (Table 3) which 

are c o n s i s t e n t  wi th  t h e  whole rock values. 

. . . ~ .  . " i 

I .  

, . .  
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Eruptions of bimodal (basa l t - rhyol i te )  magma are common t o  areas of  conti- 

nenta l  c r u s t a l  extension, p a r t i c u l a r l y  t h e  Basin and Range Province (Best and 

Brimhall, 1974; Chris t iansen and Lipman, 1972; Metz and Bacon, 1980). &yo- 

l i t e - b a s a l t  volcanism does not  genera l ly  occur i n  o t h e r  cont inenta l  c r u s t a l  

s e t t i n g s ,  s ince  th i ck  non-extending c r u s t  r e t a r d s  pene t ra t ion  by b a s a l t  and 

favors hybridism and t h e  production of intermediate  (dac i t ic -andes i t ic )  ac t i -  

v i t y  (Eichelberger and Gooley, 1977). Hi ldre th  (1981) ind ica t e s  t h a t  t h e  co- 

erupt ion of r h y o l i t e  and b a s a l t  is only l i k e l y  t o  occur around t h e  periphery o f  

la rge  s i l i c ic  systems ( f ig .  29)  or i n  immature zones of  c r u s t a l  mel t ing where 

s i l i c ic  pods and mafic d ikes  have no t  y e t  aggregated i n t o  chambers l a r g e r  than 

a few cubic ki lometers  i n  volume. To f a c i l i t a t e  b a s a l t i c  e rupt ions ,  condui ts  

(e.g., f a u l t s )  must provide connection between t h e  mafic magma 8 w r c e  and t h e  

su r f  ace. 

Petrographic,  chemical and i so top ic  d a t a  can be in t e rp re t ed  t o  o u t l i n e  

more s p e c i f i c  c h a r a c t e r i s t i c s  of  t h e  petrogenesis  of t hese  young volcanic  rocks 

i n  west-central Nevada. 

PHENOCRYSTS 

The ranges of composition i n  t h e  cognate p lag ioc lase  phenocrysts can be 

used t o  c a l c u l a t e  pressures  under which they c r y s t a l l i z e d  (Table 4). The more 

sodic cores  of these phenocrysts .genera l ly  c r y s t a l l i z e d  a t  pressure8 g r e a t e r  

than about 18 k i loba r s  (kb). The groundmass p lag ioc lase  t y p i c a l l y  c r y s t a l l i z e d  

a t  pressures  of  about 8 kb. The c a l c i c  rims of  t h e  phenocrysts show interme- 

d i a t e  c r y s t a l l i z a t i o n  pressures  (10-13 kb, Table 4) t h a t  r e f l e c t  condi t ions of  

re-equi l ibrat ion wi th in  t h e  r i s i n g  magma. Equi l ibra t ion  pressures  of 8 t o  18 
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Figure 29. Basaltic shadow around large s i l ic ic  magma 
system (after Eichelberger and h o l e y ,  1977). 
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Local i ty Anorthite Range 

steamboat Hi 1 1s An 30 - An 40 
(Na-rich cores) 

An 55 - An 65 
(Ca-rich rims) 

An 50 - An 70 
(gr oundmas s 1 

McClellan Peak An 65 - An 78 
Upsa 1 Hogback 

Soda Lake 

An 40 - An 50 
(Na-rich cores) 

An 60 - An 71 
(groundmass & rims) 

An 30 - An 40 
(Na-rich cores) 

An 60 - An 74 
(groundmass & rims) 

*P = -0.38 ( X  An) + 34.7 from Nash (1973) 
kb 

Crystallization 
Pres sure* 

23.3 - 19.5 
'kb 

= 13.2 - 10.0 'kb 

Pkb = 15.7 - 8.1 

Pkb * 10.0 - 5.1 
'kb = 19.5 - 15.7 

Pkb = 11.9 - 7.7 

P * 23.3 - 19.5 
kb 

P = 11.9 - 6.6 
kb 

Table 4. Calculated Crystallizatioa Pressure 

for Plagioclase Phenocrys ts 
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kb represent  depths  of 30 t o  70 km. This suggests  an upper mantle o r i g i n  f o r  

these  mafic magmas. 

Chemical condi t ions under which these  phenocrysts c r y s t a l l i z e d  can be in- 

Binns and o the r s  f e r r ed  from the  normative f e ldspa r  compositions (Appendix F). 

(1970) c i t e  numerous experimental s t u d i e s  which ind ica t e  the  tendency of  near- 

l iqu idus  p lag ioc lase  t o  become more sodic  a t  higher  pressures.  This expla ins  

the  r e l a t i o n s h i p  of composition and depth shown on Table 4. In  comparison t o  

o ther  regions ( f i g .  30), the  composition of t he  phenocrysts from Steamboat 

H i l l s  and the  Carson Desert samples ranges from An 20 t o  An 70 with  no diver-  

gence toward or thoc lase  (<3%).  This composition range i s  similar t o  the  plagi-  

oc lase  megacryst compositions determined by I rv ing  (1974). In con t r a s t ,  potas- 

sium content  has been found t o  increase  €o r  Na-plagioclase co-existing i n  

potass ic  magmas approaching equi l ibr ium (Carmichael and o thers ,  1974) ( f ig .  

30). In  s i l i c i c  rocks, a similar increase  (approximately 3 t o  10%) is seen i n  

the  d a t a  of Bacon and Metz (1983) ( f i g .  30). This suggests  t h a t  t he  potassium 

content of t he  parent mafic magma has remained low and e s s e n t i a l l y  constant  

with no contamination by potassium-rich crustal  rocks. 

Similar  cons idera t ion  must be given t o  t h e  presence of quartz  phenocrysts 

i n  these  rocks (see Petrography sec t ion ) .  Quartz-bearing b a s a l t s  and b a s a l t i c  

andes i t e s  are found i n  a v a r i e t y  of t ec ton ic  s e t t i n g s  in  t h e  western U. S. 

(Best and Brimhall, 1974). Contamination from intruded c r u s t a l  rocks has  been 

suggested by Thompson and White (1964) f o r  t he  Steamboat H i l l s  system. As d i s -  

cussed previously,  s i g n i f i c a n t  contamination would be r e f l e c t e d  i n  t h e  chemical 

and i so top ic  compositions; it is 5. These quar tz  phenocrysts and t h e i r  en- 

c los ing  pyroxene r eac t ion  rims ( f i g .  7 )  together  with o l i v i n e  may a l s o  be cog- 

na t e  phenocrysts evolving wi th  the  magma. Nicholls and o the r s  (1971) showed 

t h a t  quartz  can c r y s t a l l i z e  i n  b a s a l t i c  magma a t  pressures  between 15 and 25 kb 
I 
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Compositions of feldspars 
from potassic lava8 
(Carmichael and others, 

K A I s 1308 
A I bite Microprobe analyses from 

silicic host rocks (Bacon 
and Metz, 1083) 

Figure 30. Albite-anorthite-orthoclase triangular diagram showing 
compositions from t h i s  study compared to  other studies.  
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(corresponding t o  depths  of 55 t o  85 km with in  the  mantle).  Experimental work 

by Green and Ringwood (1967) showed t h a t  a t  pressures g r e a t e r  than 13.5 kb, py- 

roxenes are the  f i r s t  phase t o  c r y s t a l l i z e ;  o l i v i n e  is the  dominant phase a t  

pressures  of about 9 kb o r  less. This suggests ,  along wi th  the  depth-pressure 

ranges f o r  t he  p lag ioc lase  phenocrysts (Table 41, t h a t  t he  quartz  c r y s t a l l i z e d  

a t  depths  wi th in  t h e  mantle and then re-equi l ibrated wi th  the  r i s i n g  b a s a l t i c  

magma forming pyroxene reac t ion  rims , with  o l i v i n e  c r y s t a l l i z i n g  a t  shallower 

depths (lesser pressures)  . The quar tz  remains as incompletely resorbed re f rac-  

t o ry  phenocrysts. 

Reversely zoned fe ldspars  have been a t t r i b u t e d  t o  magma mixing (Evashko, 

f982; Hibbard, 1981) i n  Miocene volcanic  rocks i n  western Nevada. The explana- 

t i o n  provided above, however, is favored here  s ince  i t  expla ins  by a simple 

depth-pressure model both the  fe ldspar  compositions and quartz  phenocrysts 

without invoking complex va r i a t ions  i n  temperature, pressure,  magma i n t e r a c t i o n  

and/or contamination. 

CHEMICAL MODELING 

The bulk chemistry of t h e  volcanic  rocks can be used with least squares  

mixing model6 (Wright and Doherty, 1970) and Raleigh f r ac t iona t ion  (Shaw, 1970) 

t o  test  ttie p o s s i b i l i t y  of magmatic d i f f e r e n t i a t i o n  i n  t h i s  region, Table 5 

l ists  the  chemical and mineralogic results of  t hese  models f o r  de r iv ing  t h e  

Desert Peak ignimbri tes  and the  Steamboat H i l l s  b a s a l t i c  andes i t e  from respec- 

t i v e l y  more mafic parent  mater ia l s .  The p a r t i t i o n  c o e f f i c i e n t s  used in  these  

models are given i n  Table 6. 

Mixing ca l cu la t ions  f o r  t he  Desert Peak pumice were made using a b a s a l t i c  

Fraction- parent matetiat with composition equivalent  t o  the  Soda Lake basa l t .  

a t i o n  modeling as shown on Table 5 demonstrates t h a t  f r ac t iona t ing  out 12% 
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PARENT 
SodaLake 

3356 

OBSERVED CALCULATED PARENT OBSERVED CALCULATEC 

Model pumice t u f f  
DP-5 DP-5 DP-2A Model . pumice 

14.91 
8.66 

10.28 
9.7 
3.11 

18.45 18.59 
8.08 8.08 
2.11 2.28 
6.45 6.78 
4.6 5.12 

CaO 

Na20 

K2° 
T i 0 2  

'2'5 
MIlO 

8.12 4.17 4.25 
3.15 4.31 4.12 
1.94 3.13 3.71 
1.81 .89 .89 

.52 .24 1.07 

.17 .14 .35 

4.17 
4.31 
3.13 

.89 

.24 

1.34 1.34 
5.23 5.23 
4.09 4.07 

.38 .38 

.07 .32 

- 
- 
- 
- 
- 
- 
- 

- 16.0 % 

13.0 % 

17.0 % 

- 4 . 0  % 

- 1.5 % 

- 
- 

- - 
- 1.39 

Plag . 
01 i v  . 

- - 12.5 % 
- - - 

- 
- I11 

3.2 % 

1.2 % 

- 
- 

Rb 32 59 57 
Sr 416 461 488 
Ba 8 92 1105 1659 
La 21 30 36 

59 94 75 

461 150 451 
1105 1316 1407 

30 38 38 

..................................... ...................... . ..... . . . . . . . . . . . . . . . . . . . . . . . . . . .  ... .- ..... . ___~_L_~_~ ..*" 

a Steam oat 

sio2 I 51.55 I 62.91 1 62.84 62.91 I 69.84 I 69.84 49.24 I 55.68 I 55.46 - I I 1 

A1203 I 15.62 I 16.68 I 16.77 16.68 I 15.34 I 15.34 
FeO I 10.59 I 5.68 I 5.68 5.68 I 3.08 I 3.08 
Mgo I 6.07 I 1.72 I 1.81 1.72 I .38 I .38 

1.55 I 1.45 I 1.45 
.57 I .57 I 1.14 

U 
00 - I - I 10.7 % 

- I - 1 2 . 0 %  
- 1 -  I -  
- I - I 4 . 0  % 

h P  I - I - I 30.0 % - I - 1 10.7 % 

923 I 945 I 1113 
974 I 1259 I 1854 

31 41 I 51 

Table 5. Mixing Model Calculations. 



* O l i V  CPX Ill 

0.0 .03 0 0 

.014 .12 0 0 

.01 .026 0 0 

- . 56 0 0 

Rb 

hPh 

.29 

.46 

.2 

03 
I 

Sr 

Ba 

La 

Plag 

. os 

2 

01 

01 

Table 6.  Crystal-Liquid Partition Coefficients used 
for Crystal Fractionation Modeling 
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plagioc lase  and 30% amphibole of t h e  b a s a l t  is capable (CB 2 <2.0) of producing 

the  l o w  s i l i ca  (63%) pumice a t  Desert Peak. Continued f r ac t iona t ion  of 10% am- 

phibole and p l ag ioc la se  would produce compositions similar t o  t h a t  of t h e  main 

t u f f  sequence. Trace element compositions employing t h e  above phase percen- 

tages  show close agreement (except f o r  Sr concentrat ion)  with observed values 

(compare wi th  f ig .  23). Excessive amphibole f r ac t iona t ion  i s  supported by a 

deple t ion  of Sc and Cr with in  the  Carson Desert and Desert Peak samples as 

shown on Figure 21. 

The de r iva t ion  of  t h e  Steamboat H i l l s  b a s a l t i c  andes i t e  was modeled using 

a high-potassium o l i v i n e  b a s a l t  parent  material wi th  composition equiva len t  t o  

the  McClellan Peak o l i v i n e  b a s a l t  (Table 5). Calculat ions using 16% plagio- 

c l a ses  13% o l i v i n e  and 17% clinopyroxene produce compositions similar t o  the 

b a s a l t i c  andesi te .  Trace element compositians d i f f e r  by an order  of magnitude 

with observed values,  but t h e i r  general  t rends  are comparable. Enrichment of 

l i g h t  REE i n  t h e  Steamboat H i l l s  basaltic andes i t e  may the re fo re  be compatible 

with low pressure l i qu id  state f r ac t iona t ion  from a pa ren ta l  b a s a l t i c  magma 

similar i n  composition to  the  McClellan Peak o l i v i n e  b a s a l t  but having lower K, 

Rb, La and Be. 

STRONTIUM ISOTOPES . 

The s t ront ium isotope ra t io  values f o r  t h e  mafic volcanics  range from 

0.7036 t o  0.7051. The Steamboat H i l l s  r h y o l i t e  has a r a t i o  o f  0.7059. A com- 

parison of t h e s e  values  wi th  age of t h e  respec t ive  u n i t s  ( f ig .  31) does not  re- 

veal  a time-trend. This suggests  t h a t  t he  v a r i a t i o n s  i n  i n i t i a l  Sr i so top ic  

r a t i o s  have pe r s i s t ed  through t h i s  time i n t e r v a l  (2  15 mop.) and must be ex- 

plained by o t h e r  fac tors .  Hi ldre th  (1981) and Leeman (1982) suggest t h a t  t h e  

va r i a t ions  in  observed i so top ic  r a t i o s  can be a funct ion of t he  s t r u c t u r a l  

( tec tonic)  s e t t i n g ,  composition and age of the  underlying c rus t .  
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As Leeman (1982)  ind ica tes ,  t h e  northwestern Great Basin is  underlain by 

Cordil  leran eugeosynclinal rocks and magmatic arc-type igneous rocks (a1 1 of 

oceanic" character) .  The magmas derived from these  'oceanic '  sources are I 1  

86 systematical ly  lower i n  87Sr/ 

f ig .  30). These Sr  values  together  wi th  the  pe t ro logic  d a t a  discussed above, 

suggest t h a t  the  magmas or ig ina ted  i n  t h e  upper mantle and lower c r u s t  of  t h i s  

region. 

Sr r a t i o s ,  but a r e  high i n  t o t a l  

The s t r u c t u r a l  charac te r  of t h i s  region i s  dominated by t h e  normal fau l t -  

ing of t he  Great Basin and t h e  high-angle f a u l t i n g  of t h e  Walker Lane and t h e  

Sierran f r o n t a l  f a u l t  systems. These f a u l t  zones may se rve  as t h e  conduits f o r  

r i s i n g  b a s a l t i c  magmas from t h e  upper mantle and lower c rus t .  The r e l a t i v e l y  

th in  c r u s t  i n  t he  Walker Lane region cut  by high angle  f a u l t s  would allow rapid  

upward movement of magmas without the  p o s s i b i l i t y  of mixing of  b a s a l t i c  magma 

and r h y o l i t i c  magma generated i n  the  lower c rus t .  

The r e l a t i v e l y  th icker  unfaulted c r u s t  i n  the  Great Basin region t o  t h e  

e a s t  would tend t o  i n h i b i t  the  upward movement of magma and allow f o r  poss ib le  

hybridism and the  generat ion of more intermediate  magmas such as the  ash flows 

in  ea r ly  t o  middle Tertiary time. This Tertiary ca lc -a lka l ine  volcanism was 

r e l a t ed  t o  the  subduction zone along t h e  western con t inen ta l  margin. Progres- 

s i v e  shut-down of t h e  subduction zone occurred, beginning about 25 t o  29 m.y. 

ago, as the  t r i p l e  junct ion migrated northward. Subsequent bimodal volcanism 

was i n i t i a t e d  wi th in  the  new t ec ton ic  regime and migrated through t h e  Basin and 

Range Province. With progressive developnent of Bas in  and Range normal f a u l t s  

during l a t e  Te r t i a ry  time, conduits developed t h a t  allowed f o r  more rap id  

ascent of b a s a l t i c  magma co t he  surface.  

The age of the  lower c r u s t a l  and upper mantle material i n  t h i s  region is 

It is l i k e l y  t h a t  t he re  i s  both lateral  and v e r t i c a l  v a r i a t i o n  i n  age unknown. 
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of these  rocks as wel l  as lateral  and v e r t i c a l  compositional v a r i a t i o n -  The 

ex ten t  of inf luence on the  young volcanic  rocks of western Nevada is uncertain.  

However, the  major chemical d i s t i n c t i o n  between the  volcanic  rocks of  t h e  

Desert  Peak-Carson Desert  area and those volcanic  rocks f u r t h e r  w e s t  might bes t  

be explained by regional  v a r i a t i o n  i n  age and composition. 
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CaucLlJSIms 

During ea r ly  and middle Te r t i a ry  t i m e ,  volcanism i n  t h e  northern Basin and 

Range region was pr imari ly  s i l i c ic  and intermediate  i n  cha rac t e r ,  removing much 

of t he  low-melting s i l i c i c  phases i n  the  lower c rus t .  The i n i t i a t i o n  of c rus t -  

a l  extension and development of normal f a u l t i n g  s t a r t i n g  i n  la te  Miocene t i m e  

coincided with the  change t o  dominantly bimodal (basa l  t - rhyol i te )  volcanism. 

The va r i a t ions  i n  s t roa t ium i so top ic  ratios and chemical composition of these 

young volcanic  rocks r e f l e c t  t he  lateral and v e r t i c a l  inhomogeneities of t h e  

mant le  source region. The t o t a l  volume of t hese  la te  Cenozoic bimodal volcanic  

rocks is minor compared t o  the  e a r l y  Tertiary intermediate  s i l i c i c  volcanism. 

However, they represent  magmas t h a t  o r ig ina t ed  i n  t h e  modern mantle beneath t h e  

Basin and Range and a6cended v i a  s t r u c t u r a l  conduits wi th  l i t t l e  or no contam- 

inat ion.  

The development of an extensional  t ec ton ic  env i romen t  wi th  normal f a u l t s  

and high angle  s t r i k e - s l i p  f a u l t e ,  as w e l l  as the  t r a n s i t i o n  from i n t e m e d i a t e  

t o  bimodal volcanism, was not instantaneous i n  t i m e  nor  geographically coinci-  

dent within the  Great Basin. The o lde r  Desert Peak volcanic8 may represent  

t h i s  t r a n s i t i o n a l  period. The age of the  bimodal Desert  Peak volcanics  (10 t o  

14 Ma) suggests t h a t  t he  present  t ec ton ic  regime i n  t h e  western margin of  t h e  

Great Basin has maintained an "immature" volcanic  regime f o r  t h e  las t  15 m-y. 

This immature regime is  character ized by s i l i c i c  pods and mafic d ikes  t h a t  have 

not y e t  aggregated, or matured, i n t o  chambers l a r g e r  than a few cubic k i lo-  

meters i n  volume and can not generate  hybrid intermediate  magmas. 

The observed volcanic  rock s u i t e s  with p a r t i c u l a r  chemical, i so top ic  and 

petrologic  c h a r a c t e r i s t i c s  are therefore  a funct ion of t h e  magma composition 

and the  t ec ton ic  s e t t i n g  of t he  e rupt ion  area. The rhyol i te -basa l t  magmatism 
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i n  west-central  Nevada is similar t o  the  model of Hi ldre th  (1981, f i g .  15A), 

with b a s a l t  l o c a l l y  erupted wi th in  and between t h e  r h y o l i t e  dome c l u s t e r s  as a t  

Steamboat H i l l s ,  or with r h y o l i t i c  i n t rus ions  t h a t  a r e  not observed a t  t h e  sur-  

face  (except as inc lus ions  i n  t h e  b a s a l t s )  a5 a t  Upsal Hogback and Soda Lake. 

Variat ion i n  the  proportion of b a s a l t  t o  r h y o l i t e  erupted a t  the  su r face  is 

probably due t o  lateral  v a r i a t i o n  i n  crus  t a l  thickness  (eastward thinning) 

across  t h i s  region. The volcanism is fundamentally b a s a l t i c  i n  an ex tens iona l  

regime t h a t  suppressed mixing 'of  t he  r h y o l i t e  and b a s a l t  (Hildreth,  1981). 

Thus, t h e  volcanic  rocks observed a t  t h e  su r face  form a bimodal s u i t e .  

The geothermal resources  assoc ia ted  wi th  these  bimodal volcanic  systems in 

west-central Nevada a r e  predominantly a funct ion of t h e  t ec ton ic  s e t t i n g .  The 

r e q u i s i t e  hea t  source is provided by continued b a s a l t i c  magmatism from t h e  man- 

t l e  i n  a continuing extensional  stress regime. The s t r u c t u r a l  zones which 

serve  as conduits f o r  t h e  upward migrat ion of magma toward and t o  the  su r face  

a l s o  se rve  as conduits f o r  c i r c u l a t i n g  groundwaters t o  depth where heat  is  pro- 

bably conductively acquired and then convectively c a r r i e d  t o  the  near-surface 

or  surface.  This c i r c u l a t i o n  r equ i r e s  a t  least seve ra l  thousand years; Flynn 

and Ghusn (1984) concluded t h a t  t h e  Steamboat recharge cyc le  is  on the  o rde r  of 

seve ra l  thousand t o  40,000 years ,  wi th  l i t t l e  modern (<0.03 K a )  water d i lu -  

t i on .  

The s p a t i a l  r e l a t ionsh ips  of geothermal systems with lineament in te rsec-  

t i o n s  noted by Trexler  and o the r s  (1978)  and the  temporal assoc ia t ions  and 

alignment of volcanic  l o c i  noted by Smith and Luedke (1981) a r e  supported by 

the  d i s t r i b u t i o n  of young bimodal volcanic  rocks and geothermal systems i n  

west-central  Nevada. These r e l a t ionsh ips  and the  magmatic-tectonic associa-  

t i ons  described i n  t h i s  r epor t  suggest a high p robab i l i t y  f o r  t he  presence of 

a s  ye t  unrecognized geothermal resources  in  western Nevada where primary 
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basaltic magmatism has occurred but surficial expression of a geothermal system 

is lacking. 
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Isotopic Age Determinations 
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ISOTOPIC AM DETERMINATIONS 

I so top i c  age determinations f o r  e i g h t  samples are l i s t e d  below. Analyt 

The ages were c a l  methods are discussed i n  the in t roduct ion t o  t h i s  report.  

calculated using the fo l l ow ing  constants: 

A @  = 4.963 x 10 -10 y-l 

AE = 0.572 x 10-l' yr-' 

A i  = 8.78 x 10 -13 y-l 

= 1.167 x 40K/K Total 

Sample locat ions are i 1 lust ra ted on the accompanying map ( f i g .  1). Where 

appropriate, addi t ional  comments are included under the sample descr ipt ions i n  

t h i s  report.  Further discussion o f  the r e s u l t s  i s  presented i n  the t e x t  o f  

t h i s  report.  These i so top ic  ages and those reported i n  the l i t e r a t u r e  f o r  

young (e15 m.y.) volcanic rocks w i t h i n  the study region are tabulated. 
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1. H - 3312 K-Ar 

Steamboat Hi1 Is Basa l t i c  Andesite. 

sec. 32, T18N, R20E; 3g022.6'N, 119'46.0' W; M t .  Rose NE 7 1/2' 

quadrangle; Washoe Co., NV). Ana ly t i ca l  data: (Plagioclase) K20 = 

0.425%, *Ar4O = 8.39 x 10"O moles/gm, *Ar4'/zAr4' = 0.018; (Whole Rock) 

K20 = 2.003%, *Ar40 = 2.9 x 

Po rphy r i t i c  b a s a l t i c  andesite (SW/4, 

moles/gm, *Ar  40 /zAr4' = 0.008; co l lec ted  

b ~ :  L. A. F u l t t ;  dated by: T. B i l l s ,  Geochron. 

(Plagioclase) 29.6 5 2.0 Ma 

(Whole Rock) 0.21 - + 0.07 Ma 
*Ar4' re fers  t o  radiogenic A r  40 

2. H - 3344 K-Ar  

Table Mountain Basa t i c  Andesite. Po rphy r i t i c  b a s a l t i c  andesite (NW/4, 

sec. 3, T16N, R23E, 39'17.2' N, 119'23.5' W; Church i l l  Bu t te  15' 

quadrangle; Lyon Co., NV). Ana ly t i ca l  data: K20 = 1.052%, *Ar40 = 4.71 x 

10-l' moles/gm, * A r  /zAr4' = 0.042; co l l ec ted  by: 

Bel l ;  dated by: T. B i l l s ,  Geochron. Comment: Twenty f o o t  t h i c k  

aggomerate f low. 

40 L. A. F u l t z  and E. J. 

(Whole Rock) 6.7 + 0.7 Ma - 

3. H - 3345 K-Ar  

S i l v e r  Springs Basa l t i c  hndesite. 

NW/4, sec. 31, T19N, R25E; 39'28.5' N, 119'13.4' W; S i l v e r  Springs 15' 

Po rphy r i t i c  b a s a l t i c  andesite (NE/4, 

quadrangle; Lyon Co., NV). Ana ly t i ca l  data: K20 = 1.443%, *Ar40 = 1.141 

x 10" moles/gm, *Ar  /zAr4' = 0.249; co l l ec ted  b i :  L. A. F u l t z  and E. J. 

Bel l ;  dated by: T. B i l l s ,  Geochron. 

40 

(Whole Rock) 11.8 - + 0.7 Ma 
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4. H - 3347 K-Ar  

Church i l l  But te  Basa l t i c  Andesite. Po rphy r i t i c  o l i v ine-bear ing  basa l t i c  

andesite (NE/4, sec. 25, T17N, R23E, 39'18.9' N, 119O20.7' W; 

Church i l l  But te  15'  quadrangle; Lyon Co., NV). 

1.205%, *Ar40 = 3.45 x 10-l' moles/gm, *Ar4'/xAr4' = 0.126; co l l ec ted  by: 

Ana ly t i ca l  data: K20 = 

L. A. F u l t z  and E. 3. Bel l ;  dated by:. T. B i  1 Is, Geochron. 

(Whole Rock) 4.3 - + 0.6 Ma 

5. H - 334% K - A r  

Cleaver Peak Basa l t i c  Andesite. Po rphy r i t i c  b a s a l t i c  andesite (NW/4, sec. 

33, T16N, R25E; 39'12.8' N, 119'11.6' W; Wabuska 15' quadrangle; Lyon Co., 

NV). Ana ly t i ca l  data: K20 = 1.292%, *Ar4' = 7.87 x lo-'* moleslgm, 

*Ar4'/ZAr4' = 0.155; co l l ec ted  bx: 

T. B i l l s ,  Geochron. Comment: Thin ves icu la r  f l o w s  over ly ing  an e a r l i e r  

Te r t  i ary  andesite. 

L. A. F u l t z  and E. J. Bel l ;  dated by: 

(Whole Rock) 9.2 - + 0.6 Ma 

6. H - 3355 K - A r  

Upsal Hogback Rhyol i te.  Black glassy r h y o l i t e  (SE/4, sec. 2, TZON, R28E; 

39'37.4' N, 118'48.2' W; Soda Lake 15 '  quadrangle; Church i l l  Co., NV). 

Ana ly t i ca l  data: K20 = 3.835%, *Ar40 = 1.619 x 10'' moles/gm, *Ar4'/Z 

Ar40 = 0.518; co l lec ted  by: L. A. F u l t z  and E. 3. Bel l ;  dated by: T. 

B i l l s ,  Geochron. 

(Whole Rock) 6.3 - + 0.3 Ma 
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I 7. 

8. 

H - DP-2A 

Desert Peak R h y o l i t i c  Ign imbr i te ,  V i t rophyre o f  i gn imbr i t e  (SW/4, 

sec. 30, T22N, R28E; 39'44.7' N, 118O53.0' W; Church i l l  Bu t te  15' 

quadrangle; Church i l l  Co. , NV). Ana ly t i ca l  data: K20 = 0.698%, 

*Ar4' = 6.66 x 10-l' moles/gm, *Ar4O/cAr4' = 0.163; co l l ec ted  by: 

L. A. F u l t z  and D. T. Trex ler ;  dated by: T. B i l l s ,  Geochron. 

(Plagioclase) 14.3 5 1.1 Ma 

K-Ar  

K-Ar H - 3360 

Desert Peak Basa l t i c  Andesite. Basa l t i c  andesi te f l ow  (NW/4, SW/4, sec. 

10, T22N, R27E; 39'47.2' N, 118'56.8' W; Desert Peak 15' quadrangle; 

Church i l l  Co., NV). Ana ly t i ca l  data: K20 = 1.277%, *Ar  40 = 8.66 x 

lom1' moleslgm, *Ar4'/ZAr4' = 0.161; co l l ec ted  by: L. A. Fu l tz ;  dated by: 

T. B i l l s ,  Geochron. 

(Whole Rock) 10.2 2 0.7 Ma 
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RADIOMETRIC AGES OF YOUNG (<15 Ma) VOLCANIC ROCKS 

Rock Type, Locality Age (Ma) Locat ion Reference 

1. Basaltic andes i te .  2.54 + 0.2 (ave.) SW/4, Sec. 33 Silberman and o the r s ,  1979 
Steamboat H i l l s  

2. Rhyol i te  dome, 
Steamboat H i l l s  

3. Rhyol i te  dome, 
Truckee Meadows 

4. Rhyol i te  dome, 
Truckee Meadows 

f e l d s p a r s  
2.15 + 0.10 
who 1 e r o c  k 

1.14 + 0.05 
san idyne 

1 .21  + 0.06 
s an i d h e  

2.97 + 0.09 
3.03 7 0.12 
who le rock  
1.16 + 0.05 
sanidzne 

5. Sut ro  Rhyolite dome, 1.51 + 0.22 
Virg in ia  Range f e ldspa r  

1.51 + 0.06 
obsidian 

6. Rhyol i te  dome, 8.2 + 0.3 
Mustang p l ag ioc la se  

7. Rhyol i te  dome, 10.9 + 0.3 
Washington H i l l  b i o  t i t e  

9.7 + 0.3 
plag'ioclase 

T18N, R20E 

SW/4, Sec, 1 
T17N, R19E 

NW/4, See. 27 
T18N, R20E 

NW/4, See. 23 
T18N, R20E 

N W l 4 ,  See. 16 
T17N, R22E 

NE/4, See. 8 
T19N, R21E 

11 

S/2, Sec. 34 
T19N, R21E 
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Rock Type, Local i ty  Age (Ma) Location Reference 

8. Andesite t u f f  i n  5.7 N/C, Sec. 16 Evernden and James, 1964 
Coal I .  Valley Formation plagioclase T19N, R18E Silberman and McKee, 1972 

9. Oliv ine  basa l t  11.0 Sec. 14 l t  

whole rock T19N, R18E 

.O. Dacite t u f f  12.4 
plagioc lase  

S/C, Sec. 4 
T23N, R21E 

1. Andesit ic t u f f ,  
Chloropagus Formation 

13.9 Sec. 3 
plagioc lase  T22N, R27E 

tt 

2. Olivine basalt flow, 14.5 + 1.5 SE/4, Sec. 4 Bonham, 1969 
Chloropagus Formation whol e-rock T21N, R23E Silberman and McKee, 1972 

Krueger and Schi l l ing ,  1971 

3 . Olivine basa l t ,  15.2 + 2.4 W/4,  Sec. 3 tt 

Pyramid Format ion plag iGclase . T23N, R21E 

4. Porphyr i t ic  d a c i t e  flow, 12.8 + 0.8 W 4 ,  Sec. 9 
Kate Peak Formation plagiGclase T16N, R21E 

5. Basal t ,  6.90 + 0.19 W/4, Sec. 21 Dalrymple and o thers ,  1967 
Lousetown Formation whol e-roc k T18N, R21E Silberman and McKee, 1972 



Reference Rbck Type, Local i ty  Age (Ma) Locat ion 

16. Ol iv ine  b a s a l t ,  1.14 + 0.04 SE/4, Sec. 8 Doell and o the r s ,  1966 1 

McClellan Peak b a s a l t  whol e-r ock T16N, R21E Silberman and McKee, 1972 

17. Pumiceous r h y o l i t e  tuff  breccia, 12.3 + 0.5 S/C, Sec. 30 Silberman and McKee, 1972 
Coal. Valley o r  Truckee h. b i o t i z e  T€8N, R;22E 

I 1  18. Virtophyre,  glassy rhyol i te  flow, 12.4 + 0.2 W/C, Sec. 29 

. .  
upper Kate Peak Formation b i o t  iFe T18N, R22E 

19. Dacite flow 

20. Hornblende andes i t e ,  
l a p i l l i  t u f f  

12.0 m / 4 ,  Sec. 21 Willden and Speed, 1974 
hornblende T24N, R28E Silberman and McKee, 1972 

NW/4, Sec. 29 i t  12.2 
hornblende T16N, R29E 

21. Basalt, 
Rat t lesnake H i l l  

22. Basal t ,  
Red Mountain 

1.03 + 0.05 
whol e r o c k  

6.96 + 0.42 
whole-rock 

Nw/4, Sec, 29 Evans, 1980 
T19N, R29E S i b b i t t ,  1983, pers .  conrmun. 

S W / 4 ,  Sec. 20 II 

T18N, R27E 



Rock Type, Local i ty  Age (Ma) Locat ion Reference 

23. Basalt, 3.3 + 0.2 Sec. 25 Micho 1 s-T ing l  ey , 198 1 
Churchill  Butte whol; rock T17N, R23E Spellman, 1983, pers. commun 

24. Basalt, 
Churchill  But te  

3.5 + 0.2 Sec. 25 
wholz rock T17N, R23E 

25. Andesite flows, 12.0 + 1.1 T22N, R28E Hiner, 1979 

4.*1, 4.6 
hornblende 

Desert Peak plagi7;clase Benoit and o thers ,  1982 Benoit, 1983, pers. commun. 

i l  
2.3 

p lag ioc lase  

!6. Basalt f low,  1.36 2 0.29 C/E, Sec. 22 Bingler,  1977 
North of Carson. City whole rock T16N, R2OE 

!7. Andesite, 8.7 + 0.3 'SW/4, Sec. 12 Morton and o thers ,  1977 
Glendale b io tTte  T14N, R18E 

8. Porphyr i t ic  hornblendeandesite, 9.2 5 0.3 
h s t a n g  Andesite whole rock 

SE/4, Sec. 18 
T19N, R22E 1983 

Morton and o the r s ,  1977, 1980 

9. Porphyr i t ic  hornblende andesite, 9.1 + 0.3 NE/4, Sec. 18 
whol; rock T19N, R22E ..._ I h s t a n g  Andesite 

I- 

ll 



Rock Type, Local i ty  Age (Ma) Locat ion Reference 

30. Lousetown Formation, 6.83 + 0.16 NE/4, Sec. 15 Morton and o the r s ,  1980, 1983 
Lousetown Creek who1 e r o  ck T18N, R21E 

31. Mustang Andesite 8.65 + 0.26 NE/4, Sec. 26 
hornbiende T19N, R21E 

32. Lousetown Format ion, 9.66 5 0.30 C/NW, Sec. 26 
Clark Mountain whole rock T19N, R21E 

33. Olivine b a s a l t ,  
McClellan Peak 

34. Olivine b a s a l t ,  
McClellan Peak 

35. Lousetown Formation, 
Clark Mountain 

NE/4, Sec. 7 
T18N, R22E 

1.51 + 0.18 
who 1 e r o  ck 

1.54 + 0.13 NE/4, Sec. 12 
who 1 e-r oc k T18N, R21E 

7.35 + 0.70 W/4 ,  Sec, 26 
who 1 e r  o ck T19N, R21E 

11 

36. Alta Formation 14.4 + 0.4 NE/4, Sec. 5 
p l ag i sc l a se  T16N, R21E 

37. Kate Peak Formation 13.8 + 0.3 SW/4, Sec. 9 
bio t iFe T17N, R21E 

Whitebread, 1976 

11 

11 38. Kate Peak Formation 13.7 + 1.6 W/4,  Sec. 32 
hornbiende T18N, R21E 



Rock Type, Loca l i ty  Age (Ma) Locat ion Ref erence 

39. Kate Peak Formation 12.9 + 0.4 NE/4, Sec. 33 Whitebread, 1976 
hornbiende T17N, R21E 

40. Kate Peak Formation 12.3 + 0.2 NE/4, Sec. 5 
b i o t  iFe T18N, R21E 

I t  

41. Basaltic andes i t e ,  
Table Mountain 

42. Basaltic andes i t e ,  
S i l v e r  Springs 

43. Basaltic andes i t e ,  
C h r c h i l l  But te  

44. Basaltic andes i t e ,  
Cleaver Peak 

45. Rhyol i te  inc lus ion ,  
Upsal Hogback 

46. Rhyo l i t i c  ignimbrite,  
Desert Peak 

47. Basaltic andes i t e ,  
Desert Peak 

6.7 + 0.7 
wholz rock 

11.8 + 0.7 
whole-rock 

4.3 + 0.6 
whol; rock 

9.2 2 0.6 
whole rock 

6.3 + 0.3 
w h o l z  rock 

14.3 + 1.1 
p1agiZclase 

10.2 2 0.7 
whole rock 

Nw/4, Sec. 3 This  study 
T16N, R23E 

NW/4, Sec. 31 
T19N, R25E 

NE/4, Sec. 25 
T17N, R23E 

"bJ/4, Sec. 33 
T16N, R25E 

SE/4, Sec. 2 
T20N, R28E 

SW/4, Sec. 30 
T22N, R28E 

SW/4, Sec. 10 
T22N, R27E 

I t  

I t  

I t  

I t  

I1  

I 1  
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XRF Whole Rock Analysis 

Si02 

A1203 

FeO* 

MgO 

c a0 

N a20 

K20 

T i 0 2  

p205 

T o t a l  

15 rep1 i c a t e  determinations o f  BCR-1 (one p e l  l e t  1 

Mean One Sigma % Precision - Publ. Value 

54.50 54.12 0.27 0.5 

13.61 13.'66 ' 0. os 0.4 

13.49 13.26 0.04 0.3 

3.46 3.32 ' 0.01 0.4 

6.92 6.80 0.04 0.6 

3.27 3.32 0.03 0.8 

1.78 1.76 0.01 0.5 

2.20 2.20 0.01 0.3 

0.36 0.39 -0.01 2.0 

99.50 9s. a3 
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XRF Trace element detertion limits and typical precisions 

X Precision (at value ppm) Element Detection Limit, ppm 

Ba 

Cr 

c u  

La 

Mn 

Ni 

Pb 

Rb 

S 

sc 

Sn 

Sr 

V 

Y 

Zn 

Zr 

25 

15 

10 

5 

25 

10 

2 

3 

50 

3 

2 

10 

15 

3 

10 

5 

5% 

4% 

3% 

4% 

3% 

6% 

6% 

7% 

4$ 

3% 

4% 

a 
4% 

6% 

3% 

5% 

1000 

100 

100 

100 

1000 

100 

50 

100 

500 

30 

50 

300 

100 

30 

100 

200 
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Averages o f  Analyses o f  Laboratory Standards Used for  Microprobe Analysis 

Si02 

A 2O3 
FeO 

C a0 

N a20 

K20 

MgO 

MnO 

TOTAL 

i 

AMELIA 
ALRI TE 

68.77 

19.78 

0.00 

0.02 

11.75 

0.16 

0.00 

0.00 

100.45 

ORTHOCLASE 
PR-1 

64.74 

18.50 

0.00 

0.01 

1.09 

14 . 95 

0.01 

0.01 

99.30 

- 

1 

" 
.. 

OIOPSIOE HESS 30 
HESS #35 BYTONN1,TE T I  TANAUGI TE 

55.21 

0.21 

2.90 

25.04 

0.11 

0.00 

17.21 

0.17 

49.50 

32.26 

0.44 

15.53 

2.70 

0.07 

0.11 

0.01 

5:. 36 

1.94 

11.36 

19.34 

0.30 

0.09 

14.88 

0.25 

100.83 100.63 99.43 
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Trace Element Data 
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STEAMBOAT HILLS 

266 89 79 78 78 92 76 87 

801 <lo <lo (10 <lo <lo <lo <lo 

i a  42 39 37 41 42 43 19 

132 150 144 146 148 146 152 141 

Nb 

Zr 

Y 

Sr 

Rb 

sc 

Ce 

Zn 

cu 

Ni 

V 

c r '  



STEAMBOAT HILLS 
SILVER MCCLELLAM 

I SPRINGS I PEAK 

331 6 3320 3323 3327 3330 3333 3345 3346 

1256 1499 103 1373 1490 1341 1168 9 74 
~~~~~~ ~ 

Ba 

P 
w 
o\ 

94 119 108 100 108 113 127 50 6 cr 

*ND = None detected. 



I CARSON CITY 1 CHURCHILL BUTTE AREA I CARSON DESERT 

TABLE MTN. CHURCHILL CLEAVER RATTLESNAKE UPSAL UP SAL 
BUTTE , PEAK HILL HOGBACK HOGBACK 

3339 3340 3344 3347 3348 3350 3352 3354 
m 

Ba 1156 1241 591 8 72 1217 1106 1351 709 

48 37 27 - . -  - 



. . . . . . . . .  . . . . . . . . .  ..... ........... ~ - - ~ .  - _. ._ -. ~~ ~ ~~~.. .  ......... ....... . . . .  ......... ........... . . . . .  ... . . . . . . . . . . .  . . . . . . . . . . . . .  - 

I 

U P S A L  
HOGBACK 

3358 DP-2A DP-3 DP-5B 3357 

Ba 1005 892 1316 1322 1105 1323 

Nb 31 32 42 - 37 20 35 

Zr 207 187 330 331 257 3 24 

Y 25 27 17 20 27 20 

Sr 506 416 150 190 461 240 

Rb 49 32 94 87 59 91 

sc 22 29 6 6 12 5 

Ce 145 144 104 102 108 109 

La 33 21 38 34 30 33 

Zn 78 72 112 86 112 102 

cu <lo  9 < lo  < lo  (10 45 

Ni 90 54 <5 <5 <5 <S 

v 174 199 33 44 88 41 

Cr 251 264 37 53 226 231 
_-- 

3360 

1159 

- 
25 2 

39 

70 1 

33 

18 

153 

26 

97 

<lo 
21 

161 

153 



PEl'CAL: A Basic Language Camputer Program 

for Petrographic Calculations 
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INTRODUCTION 

A discussion o f  the operation o f  PETCAL (PETrologic CALculations) program 

can be found i n  PETCAL: 

calculat ions, by Bingler, E.C., Trexler, O.T., Kemp, W.R., and Bonham, H.F., 

Jr., (19761, Nevada Bur. Mines and Geol., Rept. 28. 

A BASIC LANGUAGE computer program f o r  pe t ro log i c  

Modif icat ions t o  the o r i g i n a l  code were made by Wayne Kemp and Don Hudson 

while graduate students a t  Mackay School o f  Mines, Univers i ty  of Nevada, Reno. 

These modif icat ions include various l i t h o l o g i c  discr iminators based on 

normative mineral composition. The fo l l ow ing  references cover the 

modif icat ions t o  the o r i g i n a l  code. 

I rv ine,  T.N., and Baragar, W.R.A., 1971, A guide t o  the chemical c l a s s i f i c a t i o n  
o f  the common volcanic rocks: Can. Jour. Earth Sci., v. 8, p. 523-548. 

Ishikawa, Y., Sawaguchi, T., Iwaya, S., and Horiuchi, M., 1976, Del ineat ion o f  

Mining Geol., v. 26, p. 105-117 
prospecting targets  f o r  Kuroko deposits based on modes o f  volcanism of 
underlying dac i te  and a l t e r a t i o n  haloes: 
( i n  Japanese). 

Kuno, H., 1966, La te ra l  va r ia t i on  o f  basal t  magma type across cont inental  
margins and i s l a n d  arcs: Bul l .  Volcanol., v. 29, p. 195-222. 

Macdonald, G.A., and Katsura, T., 1964, Chemical composition of Hawaiian lavas: 

Maldrett,  A.J., and Arnt, N.T., 1976, AIME Trans., v. 260, p. 14. 

Jour. Petrology, v. 5, p. 82-133. 

Miyashiro, A., 1974, Volcanic rock ser ies i n  i s l and  arcs and ac t i ve  cont inenta l  
margins: Amer. Jour. Sci., v. 274, p. 321-355. 

Rittman, A., 1960, Vulkane und i h r e  Tat igkei t ,  2nd - ed., Stut tgar t ,  Ferdinane 
Enke: 336 p. 

Sugimura, A., 1968, Spat ia l  r e l a t i o n s  o f  basa l t i c  magmas i n  i s l and  arcs, i n  
Hess, H.H., and Poldervaart, Arie, eds., Basalts, v. 2: New York, 
Interscience Publishers, p. 537-571. 
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s 1  
S t  

3 

R E S D ' S J  
P R I N T  SS 
FOR J = 1  TO 11 
R E A D  U ( J )  
NEXT .I 

8948 fL.I€N 08720 
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01510 
0152G 
01530 
01540 
01550 
0 560 
0 i 570 

81588 
OlCOO 
01610 
01620 
01630 
01640 
01650 
0 660 
01670 
oibacl  

01720 
81700 o f m !  
0013~00 
o i t e o  
01790 
01800 
01810 
0 82U 
61830 
01843 

01930 

01960 
01970 
01980 
01990 
O2OOO 

8foP88 

02040 
02050 
0 060 

02080 
0 $ 070 

st!i8 021 0 

02200 

P k i G l  "**e*  NOkHATIVE P I N E R A L  
FOR K - 1  T O  23 

P2 

02040 

02130 

r)2210 

891c1 

****" 

OVES CAO" N (  

, 
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02916 
GZ526 
0293G 
02940 
029 5u 
0296G 
02970 
c2Srao 
02990 
03000 
03013 
0 020 

03013 
03c15U 
03060 
03070 
C306C 
03G90 
0310ci 
03110 
OJlZC 
03130 
03140 
03155 
0314C 
03176 
0318u 
03190 
0320G 
03220 
03230 
0324 J 
03250 
63260 
03270 
G328U 
03296 
0330G 
93310 
0 3 3  2u 
C333b 
03340 
03350 
03360 
0337C 

03400 
03410 
03420 
03430 
03440 
03450 
03460 
G34 70 
0 3 4 @ 0  
03490 
03500 
03510 
0 3 5 2 ~  
03530 
03546 

. 03550 
03560 
03570 
03500 
03590 
03600 

02030 

03210 

8338 
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04310 
04320  
0 4 3 5 0  
0 4 3 4 0  
0 4 3 ~ )  
04360 
04370 
0 4 3 6 0  
6 4 3 9 0  
9 4 4 0 0  
0441cI  
0 4 4 2 0  
0 4 4 3 3  
04440 
64430 
0 4 4 6 0  
044 70 
04480 
0 5 4 9 0  
G4506 
0 4 S 1 0  
04520 
0 4 3 3 0  
0 4 5 4 0  
04530 
04560 
0 4 5 7 0  
04580  
0 4 5 9 0  
04600 
0 4 4 1 0  
04626 
04630 
04640 
0465G 
04660 
0 4 6 7 6  
04680 
04690 
0 4 7 0 0  
O C 7 1 O  
04720 
0 4 7 3 0  
0 4 f 4 0  
04750 
04760 
04770 
04780 
0 4 7 9 0  
0 4 8 0 0  
0 4 8 1 0  
04820 
04630 
0 4 8 4 0  
0 4 6 5 0  
0 4 8 6 0  
0 4 8 7 0  
OCEBCi 
0 4 8 9 0  
04905 
0 4 9 1 0  
0 4 9 2 0  
0 4 9 0 0  
049 c( 
049% 
04960 
04970 
04960 
0 4 9 9 0  
05COb 

P R I h f  "THE FOCI( IS CALC-ALKALI: (MIY6SHlk0,1074)" 
I F  1 r ( l ) > 5 7 . 5  THfN 6 4 3 t 0  
If U ( 1 ) < 3 . 6 4 7 * ( ~ ( 7 ) t 5 ( e ) ) + 3 d . 3  TYEN 04450 
IF ~ ( l ) < " . t 1 7 * ( ~ ( 7 ) + ~ ( e ) ) + 3 7 o ~  T'4EY 04430 
GC* TO C 4 4 1 0  
I F  k(l)<P0260*(r(7)+~(6))030~ THEN 04450 

I F  k ( t  < 5 o C l 7 * ( ~ ( 7 ) + U ( b ) ) t 3 7 . 4  THEN 04430  
I F  W(l)<60467*(~(7)+d(6))+2~0~ THEN 04430" 
PRIKT 'gTHt R t C K  I S  T H G L E I I T I C  (KUkG819bb) 
GO TO 04460 
PRINT "THE E C C K  IS Y I E H  AlUF'rINA (kUNOt1966)" 
6 0  TO 04460 
PKIIUT "TME RCiCK IS 4 L K d L I C  (KUN0#1946)"  
I F  U(l)~~2.711(~(7)+w(8))+39 THEN 945.00 
PPfhT "THE POCK IS A L K A L I C  (MACDONALO 6 K A T S l N d r 1 9 6 4 ) "  
GO TO 0 4 4 9 C  
F R I h T  "THE P O C N  IS T H O L k l I T f C  (M4COONALD d KATSURAp1964)" 

P R I k T  "THE EGCK IS K O P A T I I T I C  (FiALORETT & ARkCT11976)" 
GO TO 0 4 5 4 0  
P R I k T  "THE R G C K  I S  T H C L E I I T I C  (hALDRETT t ARhDT11976)" 
P P l N T  
GO TG 06580 
P R l k T  
F K I b T  " S t  ? H I S  R O C H  I S  ATYPiCAL--NU P L A G  On k E P H E L I N E  SS" 
I F  Z ( 3 ) W  TtiEIU C4600 
P R I h T  " S S  T H I S  RGCK IS ATYPICAL--KO PLAG.OP K-SPIR % % "  
P R I N T  
PRINT " A C C O R C I h G  TO THE I b G S  C L A S S I F I C A T I O N  THE ROCK IS A"  
I F  f1<0 THEN 04beC 
I F  F8<90 THEN 04660 
P R I k T  "ULTPAHAFAT I T € "  
GC T i l  C 5 7 6 G  
IF Z(l)=(, THEN 35370 
I F  ( Z ( I ) / F 4 ) < t O  ThEN 04700 
P R I d T  "Ql r4 l iTZ  G L A k i T O f O "  
GD TO 0 5 7 8 C  

I F  ( - .65*  ( I  ( 1  ) / F C  1 +55-(  ( Z  ( 4 ) i i ( 5  1 I F 4  1) r < O  THEN 0 4 9 6 0  

I F  ( Z ( l ) / F 4 ) < 2 0  THEY C4770 
PRI t iT  "GGANITt  ( 3 4 )  OR RHYOLITE" 
G O  Ti3 6 3 f B G  
I F  (2(1)/F4)<5 Td€Y 0 4 a W  
P P l N T  "ALK6LI SYEhITE OR O U A R T Z  T'RACYYTE" 
GO TO C~5780 
P R I k T  " S Y E N I T E  OR T R A C H Y T E "  
GO TO 0 5 7 8 0  
I F  ( Z ( & ) / F 4 ) < 2 0  THEN 04859 
PRlNT TONALITE Oit C b C f T L "  
G O  T O  C 5 7 8 O  
I F  F 7 > 5 0  THEN 04913 
I F  ( Z O ) / F 4 ) ( 5  THkN 02690 
PRIdT ''QUARTZ C I O R I T t  
GO TO G5090 
PRINT "D IORITE"  
GO TO 05090 
I F  (Z(l)/F4)<5 THEY 0494C 
QRIbT  "QUARTZ G A B B R O "  
GO TU 05090 
PRINT "6A88RL" 
GO TO 05090 
I F  ( Z ( l ) / F & ) < Z O  THEY (14c1SO 
P R I N T  "6P4h0010RITE OR D A C I T E "  
GO TO C 5 7 8 O  
I F  F 7 > 5 0  THEW 05050 
I F  ( Z ( l ) / f 4 ) < 5  T H f N  051133 

I F  U(l)>OO THEN G 4 4 0 3  

GO TO E, 4410 

IF W ( 4 ) / ( ~ ( 4 ) + U ( ~ ) ) > * . 0 ~ 6 6 7 * U ( Z ) ~ o l ~  THEN 0453C 

IF (-.9*(2(l)/F4)+VO-((Z(4)+2 5 ) ) / F 4 )  =<O T H t N  9 4 8 2 0  

I f  ( - . 3 ~ * ( 2 ( 1 ) / F 4 ) t 3 5 - ( ( Z ( 4 ) i Z ( 5 )  1 / F 4 ) ) l < O  THEN 05200  
I F  (-oI*(Z(l)/F4)+10-((2(4~+Z(~))/F4))>~ THEN 052AQ 
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0501L. 
0 5 0 2 ~  
05030 
G 3 0 4 f  
05050 
O5GaO 
05@7(i 
050ac( 
050QQ 
051JG 
05110 
0512u 
0 5 1 3 ~  
05LfC 
051 5b 
05143 
05170 
051 90 
05190 
0520G 
05218 
05220 
0523G 
0 5 2 4 0  
05250 
05260 
G527b 
0528b 
0 5 2 0 5  
0530i) 
05310 
053iu 
05330 
053rrb 
0535G 
05360 
05370 
05380 
053FO 
0 5 4 G O  
G5410 
0 5 4 2 0  
05430 
0 5 4 4 0  
0 5 C 5 G  
354bU 
0547L 
0346rr 
( i549G 
0 3 9 ~ 0  
6 5 5 1 6  
0 5 5 2 G  
65553 
c1554.u 
05556 
0356C. 
05576 
05580 
G559U 
05600 
05613 
C562(1 
05630 
C 5 6 W  
05650 
0 5 6 6 5  
0 5 6  7b 

HEbi GSC8C 
Ec 2 f3G A @ K G  On 

T " 

T H E N  c5233  
3P) CE P c i V O L i T E n  

 EN 0 5 3 4 0  
L G S P A E  OU 
Z 4 L K A l I -  

L O S P A R  S Y  

EN 054OU 
OR F O I O  

I T E W  

GO"  

U D I O R l T E "  

IC b 6 R Ci 0" 

A h O E S l T E "  

B E S A L T "  

Z L A T I  

I R  4 L K A  

N f T E n  
T R 4 C H  

1E ALN4 

0 THEN 
<o THE 
<3 T H E  
0 THEN 

DID-BE 

F 010- 

T E  

1 € 1  I-E D S  

YTE"  

1 I - F  E LDS 

05470 
N O S 5 5 0  
N 05650 

0568C 

A R I h G  TR 

B E A R I N G  

P A R  R H Y O L I T E "  

P A R  TRACHYTE" 

ACHYTE" 

L A T I T E "  
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sssssXXXXtsssssXttttsssss%tXXtssss~t%t%%sssssttt%tsssss 
SARPLE NURBER STEARBOAT HILLS 3301 

, tt INPUT DATA 8% sroa 57.36 A t 2 0 3  17.88 FE203 7.44 FEO 0 

RODIFIED FE203= 2.81 
Reo 2.47 CAO 6.41 NA20 3.86 K2O 2.5 
TI02 1.31 P205 -4453 RNO -1266 
~ODIFIED FEOi- KiS6e7 
sun OF OXIDES 99.338 %a. .NORR6LI ZED OX I DE-VALUES X t  
SI02 57.7423 CIL203 17.9992 FE203 2.82873 FEO 4.19384 
RGO 2.48646 CAO 6.45272 NA2O 3.88572 K2O 2.51666 
TI02 1.31873 P2OS e448268 RNO e127444 
tt ROLE NURBERS t% 

c-. 
W 
c 

SI .96109 AL e176532 FE+3 1.77139E-2 
FE+E 5.83694E-2 
RG 6.1683%-2 CA .115663 ?+A 6.26932E-2 K 2.67161E-2 
TI 1.65048E-2 P 3.15815E-3 RN 1.79658E-3 
XX NICGLI NURBERS XX 
At 32.7948 FPI 29.2198 c 21.3756 CILK 16.6099 SI 178.545 
TI 3.06614 P sa6699 
tt wromIc UEICHT PERCENTS t t  

K .a98807 f'fG e39217 

SI 26.9887 fiL 9.52695 FE+3 1.97841 
RG 1.49983 CA 4.61176 NA 2.88282 
TI .790579 P -195624 RN 8.05317E-2 
X t  OXIDE-SILICA RATIOS tt 
AL20WSIO2 -311715 
FE203/SIO2 4.89888E-2 
F€O/SIO2 7.26303E-2 
FEOWSIO2 11671 
CAO/SIO2 11 175 
NA2O/SIO2 6.72943E-2 
K201SIO2 4.35844E-2 

RGO/SIO~ 4.30614E-2 

tt OTHER OXIDE RATIOS 8% 
NC120/K20 1.544 
K2ONNA20 647668 
FEOX 6,73913 
FEOX/RCO 2.71033 
NA2O + K2O 6.49239 _ _  
AtF:PI= 46.9sf 43.1222 15.9103 
NA2O:K2O:CAO 30.2271 19.5771 58.1958 
llGO:AL203:(CAO+NA2O+K20) (ROLE PROP, ) 
13.9339 39.8773 46.1888 

FE+2 
K 
0 

tttt NORRATIUE NINERALS t t X X  

QUARTZ 8.7317 
ALBITE 32.8776 
ORTHOCLASE 14,8713 
ANORTHITE 24.2374 
DIOPSIDE 3.93586 
HYPERSTHENE 7.78312 
RMNETITE 4.10147 
ILRENITE 2.5046 
APATITE 1.03799 
sun 100.002 
UOLLASTONITE(DIOPS1DE) 2.82396 

1 1.23125 
DE) .680649 

:(HYPERSTHENE 1 4.96115 
FERROSILITE(HYPERSTHENE) 2.74257 
8% NORRATIUE RATIOS - CIPU XX 
ORXABIAN 20.6585 45.672 33.6695 
O:OR:AB 15.4597 26.3299 5 8 . m ~  
O:OR:AB+AN 10.8175 18.4238 70.7587 
LC+NE+KS:OR:AB+AN 0 20.6585 79.3415 
NORRATIUE COLOR INDEX= 
XX PETROCHERICAL INDICES X t  

RAFIC INDEX 

NORRATIUE PLAGIOCLASE CONTENT= AN 42.4362 
18.2456 

ALKALI INDEX 39.3082 
FELSIC INDEX 49.8042 

73. R516 
SOLIDIFIC~TION INDEX---- 15.9103 
DIFFERENTIATION INDEX 56.4805 
CRYSTALLIZATION INDEX 30.3702 
WEATHERING INDEX (PARKER.1970) 80.4648 
PERALUPIINOUS INDEX -15.8275 
ALTERATION INDEX (ISHIKAUA ETAL.1976) 32.6115 

- - - - - . - 
THET6- INDEX- (SUGiRURA, 1968 1 41 a241 
S INDEX (RITTRAN.1960) 2.78048 
THE ROCK IS RETALURINOUS (SHAND.1945) 
THE ROCK IS SUBALKCILIC (IRUINE b BFIRAGCIR,1971) 
THE ROCK IS CALC-ALKALIC (IRUINE b BARAGAR.1971) 
THE ROCK IS THOLEIITIC (RIYASHIRO.1974) 
THE ROCK IS HIGH ALURINA (KUNO.1966) 
THE ROCK IS KORATIITIC (NALDRETT h ARNDT,19?6) 

ACCORDING TO THE IUGS CLASSIFICATION THE ROCK IS A 
QUARTZ RONZODIORITE 
OR QUARTZ ANDESITE 



F 
w 
N 

99999%%%%%99999%%t%t99989t%%%899999t%%%~99999%t%%t99999 
SARPLE NURBER STEAVBOAT HILLS 3384 

xx INPUT DATA X t  
SI02 55.83 AL203 18.86 
RCO 2.61 CAO 6.47 

RODIFIED FE203- 2.96 
TI02 1.46 P205 .5488 

RODIFIED FEO= 4.61597 
SUW OF OXIDES 99.3667 
tt NORIIALIZED OXIDE VALUES X %  
SI02 55.3887 Al.203 18.9882 
ffi0 2.62664 CAO 6.51124 
TI02 1.46931 P205 -544247 

FEZ03 
NA2O 
WHO 

FE203 
NA2O 
VNO 

8.89 

.1399 
4.36 

2.97887 
4.38779 
.148792 

FEO 
K20 

FEO 
K2O 

8 
2.32 

4.64539 
2. 33479 

tt ROLE NUVBERS tt 
S I  .981783 A t  e186153 FE+3 1.8654lE-2 

tt NICCLI NURBERS ti  

K .a59319 WG .385296 
T I  3,24351 P .676382 

AL 32.8337 Ffl 29,8292 
C 28.4788 ALK 16.8582 S I  162.584 

S t  ATONIC UEIGWT PERCENTS XJI . . . -. . - - - - - -. . . 
SI 25.885 A L  i0;0462 FE+3 2.08342 

T I  .888849 P .237589 WN 8.89663E-2 
ffi 1.58439 CA 4.65358 NCI 3.2553 

FE+2 
K 
0 

3.61887 
1.93811 
45 7358 

t X  OXIDE-SILICA RATIOS X t  
AL20WSIO2 .342722 

CCH)/SIOB mao/s I02 
KEO/SIO2 

5i37888E-2 
.083881 
.13228 
4.74287E-2 

117572 
7.92295E-2 
4.21588E-2 

tt OTHER OXIDE RATIOS tt 
NA2O/K20 1 e87931 
KPO/NABO e53211 
FEOt 7.32578 
FEOWBGO 2.78984 
NAW + K2O 6.72258 
A:F:II= 48.3153 43,9327 15.7519 
NMO:K2O:CAO 33.1559 17.6426 49.2815 

llCO:AL203:(CCH)H)+NA2O+K20) (PIOLE PROP. 1 
14.0736 48.286 45.7204 

AZCtF 38.5847 32.5185 36.9848 

1/3SIO2+K2O-WGO-CAO-FEO (LARSEN,1938)= 4.28977 

tttt NORRATIUE NINERALS tttt 
OUARTZ 3.5832 
ORTHOCWSE 13.7966 
ALBITE 37.1256 
ANORTHITE 25.1978 

HYPERSTHENE 9.83896 
RACNETITE 4.31916 
ILRENITE 2.79858 
APATITE 1.26023 

DIOPSIDE 2.88966 

sun 100.082 

UOLLASTONITE(DIOPS1DE) 1.4826 

FERROSILITE(D1OPSIDE) e52593 
ENSTATITE(HVPERSTHENE) 5.66038 
FERROSILITE(HYPERSTHENE) 3.37859 

ENSTATITE(D1OPSIDE) .881126 

tt  NORflATIUE RATIOS - CIPY X X  
OR:AB:C\N 18.1248 48.7725 33.1828 
QZORIAB 6.57403 25.3123 68.1137 
Q;OR:AB+AN 4.49568 i7.3e99 78.1944 
LC+tfE+KS : OR 1 AB+AN 0 18.1248 81.8752 

NORWATIUE COLOR INDEX= 19.0384 
NORRATIUE PLAGIOCLASE CONTENT. AN 48.4387 

X t  PETROCHEnICAL INDICES tl! 
ALKALI INDEX 34.7385 
FELSIC INDEX 58.7985 
RAFIC INDEX 74.3765 

15.7519 SOLIDIFICATION INDEX 
DIFFERENTIATION INDEX 54.5854 
CRYSTALLIZATION INDEX 31.0654 84.0816 
UEATMRINC INDEX (PARKER,l978) 
ALTERATION INDEX (ISHIKAUA ETAL,l976) 31.2817 
PER6LURINOUS INDEX -13.7155 

S INDEX (RITTMN,l960) 3.65827 
THETA INDEX (SUGIflURA,l968) 38.7339 

THE ROCK I S  RETALUPIINOUS (SHAND,l945) 
THE ROCK I S  ALKALIC (IRUINE b BARACAR,l971) 
THE ROCK IS THOLEIITIC (WIYASHIRO.1974) 
THe ROCK IS ALKALIC (KUN0,1966) 
THE ROCK I S  ALKALIC (WACDOWLD b KATSURA,l964) 
THE ROCK I S  THOLEIITIC (RACDONALD b KATSURA,l964) 
THE ROCK I S  KOWATIITIC (NALDRETT b ARNDT,l976) 

ACCORDING TO THE IUCS CLASSIFICATION THE ROCK I S  A 
RONZODIORITE 
OR ANDESITE 



. ~- -. . .. . .. .. -. . .. .... ... .. . .. . . __. . .. . . .. ~- - 

c 
w 
W 

FE203 7.7 FEO 0 
NA2O 4.58 K2O 2.4 
MNO .134 

FE203 2.90775 FEO 4.35463 
MNO ,134823 
NA2O 4.60814 K20 2.41474 

XX ROLE NUPIBERS X t  

FE+2 6.06072E-2 
SI -939156 AL .181572 
nc 5.51619~-2 CA .ii572i 
TI 1.75036E-2 P 3.73848E-3 

XX NIGGLI NUIIBERS tl! 
AL 32.9308 Ffl 27.948 
C 20.9877 ALK 18.1334 
K .a56386 MG .357967 
TI 3.17455 P .678031 
xx: Atomic WEIGHT PERCENTS *t 

FE+3 1.82087E-2 

NA 7.43487E-2 K 2.56342E-2 
RN 1.90052E-3 

SI 170.33 

SI 26.3728 ~ AL 9.79895 FE+3 2.03368 
I1C 1.34126 CA 4,63813 NA 3.41878 
T I  .838424 P -231571 PIN 8.51948E-2 
** OXIDE-SILICA RATIOS XX 
AL203/SI02 328103 
FE203/SIO2 5.15335E-2 
FEO/S102 7.71761E-2 

RGOI s I02 039408 
CAO/SI 02 115014 
NF)20/S I02 -081669 

FEOWSIO2 .123546 

K20/SI 02 ,042796 
a* OTHER OXIDE RATIOS ax 
NA20lK20 1 90833 

FEOX 6.97102 
Ki?O/NA20 .524017 
FEOWPIGO 3.13505 
HA20 + K2O 7.02288 
A:F:PI= 43.3044 
NAi?O:K2O:CAO 34.1028 
IICO:AL203:(CAO+NA20+K20) 
li?.l922 40.1319 47.676 

42 9846 
17.8704 

( MOLE 

13.711 

PROP. ) 
48 0268 

FE+2 3.38485 
K 2.00448 
0 45.8519 

OUARTZ 4.35225 
ORTHOCLASE 14.269 
ALBITE 38.99 
ANORTHITE 22.6979 
DIOPSIDE 4.91907 
HYPERSTHENE 6.672 

ILPIENITE 2.65617 
APATITE 1.22873 
WAGNETITE 4.21605 

sum ieo.002 

45 

WOLLASTONITE(DI0PSIDE) 2.51871 

ENSTATITEIHYPERSTHENE) 4.07261 
FERROSILITE(HYPERS1HENE) 2.59984 
XX NORPIATIUE RATIOS - CIPW XX 
0RtAB:AN 18.7857 51.3317 29.8826 

LC+NE+KS:OR:AB+AN 0 18.7857 81.21 
NORPIATIUE PLAGIOCLASE CONTENT= CIN 36.9 
NORMATIUE COLOR INDEX= 18.4637 

ENSTATITE(DIOPS1DE) 1.46509 
FERROSILItE(D1OPSIDE) e93527 

Q:OR:AB 7.55452 24.7678 67.6777 
Q:ORrAB+AN 5.41937 17'7676 76.81 

XX PETROCHEMICAL INDICES XX 
ALKALI INDEX 34.384 
FELSIC INDEX 51.9732 
MAFIC INDEX 76.5593 
SOLIDIFICATION INDE 
DIFFEREN 
CRYSTALLIZATION INDEX 28.7 
WEATHERING INDEX (PARKER,l970) 
ALTERATION INDEX (ISHIKAWA ETA1 
THETA INDEX (SUGIPIURA,I968) 
S INDEX (RITTPICIN,1960) 
PERALUMINOUS INDEX -18. 

_ _ _  
'124 

), 1976 1 
7982 
38.595 
3.6739 

3 
43 
'948 

85 
29 4 

;i! 
14 

,625 
b 4757 

THE ROCK IS PIETALUPIINOUS (SHAND,l945) 
THE ROCK IS ALKALIC (IRUINE b BARACAR,1971) 
THE ROCK IS THOLEIITIC (PIIYASHIR0,1974) 
THE ROCK IS ALKALIC (KUN0,1966) 
THE ROCK IS ALKALIC (PIACDONALD b KATSURA,l964) 
THE ROCK IS THOLEIITIC (PIACDONALD b KATSURA.1964) 
THE ROCK IS KOIIATIITIC (NALDRETT b ARNDT,l976) 

ACCORDING TO THE IUGS CLASSIFICATION THE ROCK IS A 
OUARTZ PIONZODIORITE 
OR OUARTZ ANDESITE 

A:C:F = 29.9523 34.7314 35.3163 

1/3SI02+K20-P1GO-CAO-FEO (LARSENa1938). 5.52659 



c. 
W e 

FE203 
HA20 
RNO 

FE203 
NA2O 
rm0 

8.69 
4.39 
,1364 

3 0693 
139887 
4.47648 

FEO 
KBO 

FEO 
K20 

0 
2.33 

4.66183 
2 3759 

3% ROLE NUllBERS tt 
FE+2 6.48717E-2 
HG 7.63953E-2 CA ,189898 NA 7.22246E-2 K 2.52219E-2 
TI 1.92709E-2 P 3.66888E-3 f" 1.96063E-3 

SI -943384 AL a178117 FE+3 1.92203E-2 

tt NIGCLI NUPIBERS tt 
AL 30.4683 FH 32.5392 
C 19.5396 ALK 17,4529 SI 168.951 
K .a58828 RC .42e494 
TI 3.45146 P .657184 
X t  ATOPIIC UEICHT PERCENTS tl: 
SI 26.4899 AL 9.18e76 FE+3 2.14667 FE+2 3.62302 
HC 1.85755 CA 4.37268 NA 3.3211 K 1.97223 
TI .923078 P .22726 RN 8.78891E-2 0 45.7979 
t X  OXIDE-SILICA RATIOS X t  
AL203/SI02 .306045 
FE203/SIO2 5.41562E-2 
FEO/SI 02 8.22415E-2 

CAO/SIO2 .107953 
NA20/SIO2 7.89852E-2 

X t  OTHER OXIDE RATIOS X t  

K20/NA20 .530752 
FE(lWflG0 2.41839 

FEOWSIO2 130971 
PIGO/SIO2 5.43361E-2 

K2O/SIO2 4.19216E-2 

NA20/K20 1 e88412 
FEOt 7 42278 
iEi% +-K2o 5 i %Si38 
CIlFtfl= 39.4844 42.7711 17.7445 
NA2O 8 K20 1kAO 34.5126 18.3176 47.1698 
RGO t AL2031 C?AO+NA2O+K20 1 (PIOLE PROP.) 
16.8622 37.5487 45.5891 

AXCZF = 26.6956 31.6946 41.6098 / 
1/3SIO2+K2O-PICO-CAO-FEO (LARSEN,l938)= 4.61732 

**XI: NORRATIUE RINERALS tttt 

Sun 100.002 
UOLLASTONItE(DIOPS1DE) 2.81225 
ENSTATITE(D1OPSIDE) 1.77279 
FERROSILITE(D1OPSIDE) e864292 
ENSTATITE(WPERSTHENE) 5.89653 
FERROSILITE(HYPERSTHENE) 2.87474 
t* NVRRATIW RATIOS - CIPU tt 
OR1hR:AN 19.4635 52.5091 28.9274 QioRi A.B. 

s394a- 24ys3;r;r- 66368i . 
QrORSAB+AN 6.56504 18.1857 75.2492 
LC+NE+KSlORrA$+C)N 0 19.4635 88.5365 
NORRATIUE PLMIOCLASE CONTENT- AN 34.8809 
NORIIATIUE COLOR INDEX= a1 .ss3 

X t  PETROCHEflICAL INDICES X t  
ALKALI INDEX 34 6726 
FELSIC INDEX 52.8302 
WAFIC INDEX 71 Si21 
SOLIDIFICATION INDEX 17.7445 
DIFFERENTIATION INDEX 56.9838 
CRYSTALLIZATION INDEX 28.1733 
WEATHERING INDEX (PARKER.1970) 
PERClLUflINOUS INDEX -21.4133 
ALTERCITION INDEX (ISHIKAWA ETAL.1976) 
THETA INDEX (SUCIRURA,1968) 38.107 
S INDEX (RITTPIAN.1968) 3 4336 

85 
33 

17 

495 
9898 

THE ROCK IS HETALUHINOUS (SHAND.1945) 
THE ROCK IS SUBALKALIC (IRUINE b BARACAR.1971) 
THE ROCK IS CALC-ALKALIC (IRUINE 6 BARACAR,l971) 
THE ROCK IS THOLEIITIC (llIVASHIR0,1974) 
THE ROCK IS ALKALIC (KUNO.1966) 
THE ROCK IS ALKALIC (IIACDONALD b KATSURA.1964) 
THE ROCK IS THOLEIITIC (PIACDONALD b KATSURA.1964) 
THE ROCK IS KOWATIITIC (NALDRETT 6 ARNDT.1976) 

ACCORDING TO THE IUCS CLASSIFICATION THE ROCK IS A 
WWTZ ROMZODIORITE 
OR OUARTZ ANDESITE 



- . . . . . .. . .I . . . ~ ~ ~~ ~. . .. 

XX INput DATA XX 
SI02 55.68 AL203 18.45 FEa63 8.08 FEO 9 ne0 2.11 CAO 6.45 NA20 4.6 K20 2.34 
TI02 1.45 Pa05 a5745 RNO -1369 
RODIFIED FE203- 2.95 
Sum OF OXIDES 99.3574 
SI02 56.0401 RL203 18.5693 
FK;O 2.12365 CAO 6.49172 
TI02 1.45938 Pa05 ,578216 

RODIFIED CEO- 4.61597 
X t  NORRALIZED OXIDE WlLUES 8% 

tl: ROE MJNBERS XX 

ffi 5.26829E-2 CA .115758 
SI -932758 AL -182124 
FE+2 6.46691E-2 
TI 1.82651E-2 P 4.07366E-3 
X t  NICCLI NURSERS 2% 

K ,88769 mC .33667 

XX ATOllIC UEICHT PERCENTS X t  

TI .874897 P .a52333 

At 38.8786 FII 28.2427 
C 28.8926 ALK 17.9942 
TI 3.29657 P -735835 

SI 26.1932 AL 9.82875 
PHI 1.28098 CA 4.63963 

C~O/SIO2 
N M W S  IO2 
K2O/SIoi? 

RATIOS XX 
.331358 
5.29813E-2 

.138574 
8.29018E-2 

3 7895 1 E-2 
115841 
8 8614%-8 
4.29259E-2 

E203 2.96908 FEO 4.64583 
WaO 4.62975 K20 2.35513 
I'M0 a137785 

FE+3 1.85928E-2 

NA 7.46975E-2 K 2.59014E-2 
PIN 1.94228E-3 

SI 168.349 

FEt3 2.07657 FEt2 3.6112 
NA 3,43481 K 1.955 
MN 8.70666E-2 0 45.7656 

XX OTHER OXIDE RATIOS XX 
W20NK20 1.96581 
K2O/NflaO ,598696 
FEOX 7,31741 
N M O  + K2O 6.98489 
A:F:R- 42 .fa35 44.5479 12.9286 

~O:~L203t~CAO+HA2O+K20~ (ROLE PROP,) 

ArCtF 39.6593 34.4456 35.4951 

FEOX4ICO 3 44568 

NA2O:KBO:CAO 34.354 17.4757 48.1783 

11.7005 40.4482 47.8513 

1 / 3 S I O 2 + K 2 O ~ f f i O ~ C A O ~ F E O  (LBRSEN.1938)~ 5.08332 

XXXX NORIIATIOE HINERALS t X X t  

o u m  4.05659 
ORTHOCLASE 13.9168 
ALBITE 39.1729 
ANORTHITE 22.9386 
DIOPSIDE 4.50577 
HVPERSNNE 7.88352 
RAGNETlTE 4.38497 

UOLLASTONITE(DIOPS1DE) 2.89626 
ENSTATITE(DIOPS1M) 1.26839 
FERROSItITE(D1OPSIDE 1 -941119 
ENSTATITE(WPERS~NE) 4.02944 
FERROSILITE(HWERSTHENE) 2.98308 
tt NORRATIVE RATIOS - CIW XX 
ORrRBrCHI 18.3067 51.5a95 30.1638 
0: ORt AB 7.0986 24.3529 68.5485 ..__ 

6 8 OR: hB+AN 5 .06S@? -l?i 3793 -77;5548 
LC+NE+KSZORrAB+AN 9 18.3867 81.6933 
NORPMTIUE PLACXOCLME CONTENT- CHI 36.9232 
NORRATIUE COLOR INDEX- 18.586 

tt PEtRocmmat INDICES xx 
ALKALI INDEX 33.7176 . . _. _. . - - -. ._ -. . 
FELSIC INDEX 5i;8a9? 
MFIC INDEX 78.1934 
SOLIDIFICATION INDEX 12.9286 
DIFFERENTIATION INDEX 57.1463 
CRYSTALLIZATION INDEX 28.4848 
LIEATHERING I N M X  (PARKER.1979) 85. 9479 
ALTERATION INDEX (ISHIKAUA ETAL.1976) 28.7097 
PERALUflINOUS INDEX -18 3826 
TMETO INDEX tSUCIRURC),1968) 38.361 
S INDEX (RXTTI'MN~l960) 3.74142 

THE ROCK IS R€TALUIIINOUS (SHAND,1945) 
TWF ROCK IS THOLEIITIC (RIYASHIRO.1974) 
THE ROCK IS hLKALIC (IRUINE b BARAWR,1971) 
..HE R--K -is ..LKiiiiC. ~KWi0;1966J - _  - 

THE ROCK IS ALKALIC (RACDONALD b KATSURA.1964) 
THE ROCK IS THOLEIITIC (PIACDONALD b KATSURA.1964) 
THE ROCK IS KOPHITIITIC (NALDRETT 6 ARNDf,1976) 

ACCORDING TO THE IUCS CLASSIFICfiTION THE ROCK IS A 
WART2 RONZODIORITE 
OR OURRTZ ANDESITE 



sssssXtX~Xsssssl:~t~XsssssXttt tssssstXXt~sssssXXXXXsssss 
SAIIPLE NUllBER STEAll%OAT HILLS 3310 
8% INPUT DATA XX 
SI02 54.62 AL203 18.95 
flco 2.75 CAO 6.58 

RODIFIED FE203- 3.02 

X X  NORllALIZED OXIDE VALUES XX 

TI02 1.52 ' P205 -529 
PlODIFIED FEO. 4.70595 sun OF OXIDES 99.3436 
SI02 54,9809 At203 19.0752 nco 8.76817 CAO 6.62348 
TI02 1.53004 Pa05 ,532496 

FE203 
NA2O 
PINO 

FE203 
NA20 
PINO 

8.25 
4.23 
.1386 

3.03996 
4.25795 
.139516 

FEO 
K2O 

FEO 
K20 

0 
2.3 

4 73705 
2.3152 

tl: llOLE NUfl%ERS 81: 
SI .915128 AL e187085 FEt3 1.90366E-2 
FEt2 6.59297E-2 
nc 6.86721~-2 CCI .ii8108 NA 6.86988E-2 K 2.45775E-2 
TI 1.91495E-2 P 3.75155E-3 nN 1.96667E-3 
tt  NIGGLI NUllBERS tt  
AL 32.6432 FPI 38.474 
C 20.6078 ALK 16.2751 SI 159.674 

TI 3.34126 P ,654581 
K .263491 nc .393igi 

XX ATOllIC WEIGHT PERCENTS t X  
SI 25.6981 AL 10.0965 FE+3 2.12614 
PIC 1.66976 CA 4.7338 NA 3.15897 
TI .917261 P ,232381 llN 8.81601E-2 
X t  OXIDE-SILICA RATIOS XX 
AL2034102 ,346943 
FE203/SI02 5.529llE-2 
FEO/SIO2 8.6l58lE-2 
FEOX/SIO2 .135909 

XX OTHER OXIDE 
NAEOlK20 
Ki?O/NA20 
FEOX 
FEOX/AGO 
NA2O t K2O 
A:F:fl= 
NA2O:K20:CAO 

RATIOS t X  
1.83913 
.543735 
7.4724 
2.6994 
6.57315 
39 094 
32 2654 

44.4423 
17.5439 

16.4638 
50.1907 

flGO:AL203:(CAO+N&?O+K20) (MOLE PROP. 1 
14.7005 40.049 45.2505 

A:C:F 0 30.7045 32.13€2 37.1593 

1~3SI02+K2O-MGO-CAO-FEO (LARSEN,l938). 3.72682 

FE+2 3.68211 
K 1,92185 
0 45.675 

X t t X  NORllClTIVE PIINERALS X t t t  

WOLLASTONITE(DIOPSIDE) 1.37138 
ENSTATITE(DI0PSIDE) -827285 
FERRWILXtE( 

tt NORllATIUE RATIOS - CIPU XX _ _  
0R:AB:AN 18,0472 47;5%6 34.4272 

LC+NE+KS:OR:AB+AN 0 18.0472 81,9528 
NORPIATIUE PLAGIOCLASE CONTENT= AN 42.8085 

0:  OR: CIB 6.51557 25.7292 67.7558 
0:OR:ABtAN 4.37048 17.2585 78.371 

- - ..__ 

NORMATIVE COLOR INDEX= 19 4987 

X t  PETROCHERICAL INDICES t X  
ALKALI INDEX 35.2221 
FELSIC INDEX 49.8093 
PlAFIC INDEX 73 7494 
SOLIDIFICATION INDEX 16.4638 
DIFFERENTIATION INDEX 53.1723 
CRYSTALLIZATION INDEX 32.1339 
WEATHERING INDEX (PARKER,l970) 83 a 

ALTERATION INDEX (ISHIKAWA ETAL,l976) 31, 
PERALUnINOUS INDEX -12.988 

S INDEX (RITTAAN,l960) 3.60626 
THETA INDEX (SUGIfiURA.1968) 38.7851 

b 3948 
,8411 

THE ROCK IS llETALUAINOUS (SHAND,1945) 
THE ROCK IS ALKALIC (IRUINE b BARACAR,l971) 
THE ROCK IS THOLEIITIC (l'lIYASHIR0.1974) 
THE ROCK IS ALKALIC (KUN0,1966) 
THE ROCK IS ALKALIC (AACDONALD b KATSURA,1964) 
THE ROCK IS THOLEIITIC (MACDONALD b KATSURA,l964) 
THE ROCK IS KOVATIITIC (NALDRETT b ARNDT,l976) 

ACCORDING TO THE IUCS CLASSIFICATION THE ROCK IS A 
AONZODIORITE 
OR ANDESITE 



X t  INPUT DATA XX 
SI02 55.94 AL203 17.64 mo 2.59 CAO 6.55 
TI02 1.56 P2os .Slag 
PIODIFIED FE203. 3-66 
SUR O f  OXIMS 99.3483 
PIODIFIEI) FEO= 4.68698 

s102 56.37 ~ ~ 2 0 3  17.m7 
8% "ILIZED OXIDE VALES X t  

RCO 2.66699 CAO 6.59297 
TI02 lo57023 P205 e522304 

FE803 
NA20 
lllyo 

ma63 NAm 
rmo 

8.18 
4.37 
1324 

3.88887 
4.39867 
133i369 

FEO 
K20 

FEO 
K20 

8 
8-38 

4 6378 
2.39561 

X X  mLE MRlBzRs t X  
SI 09372 AL e174144 FE*3 1.9a878E-2 
FEt2 -06454 
ffi 6.46735E-2 CA e117564 NA 7.09691E-2 K 2.5431lE-2 
TI 1.96525E-2 P 3.6797SE-3 I" 1.87861E-3 
2% NICCLI "BERS X t  
At. 31.2295 FR 30.4201 c 21.0768 AK 17.a~ SI im.eai 
K .263a0a ffi .siisa 
TI 3.5a33 P e659705 
XX ATOflIC EIGHT PERCEcItS 8% 
SI 26.3179 A t  9,3981 FE+3 201542 FE+2 3.60449 
ffi 1.57254 CA 4.71199 NA 3.26337 K 1.9886 
TI ,941355 P .22?933 M 8.42124E-2 0 45.7353 
t X  OXIDE-SILICA RATIOS xt 

FEa03/SIO8 5.47815E-2 
trL20WSfO2 e315338 
FEO/SIO2 8 23mE-2 
FEOX/SIO2 . -131576 nco/sroa- 4;&%96E-2 
cAo/s102 . ii7e9 
NA20/SIO2 7.81194E-2 
K201S102 4.25456E-2 
8.t OTHER OXIDE RATIOS tt 
NAZO/K20 1.83613 
K2OdA2O 544682 
FEOt 7.48865 
NA20 t K20 6 w 79428 
FEOt AIGO 2. 84184 
A:F:R= 48.4183 44.eni 15,5886 
NAZO:K~:CM 3z.mi 17.8947 49.2481 

t%%t " W T I l E  RINERALS tttt 
duAim 5.0- 
ORTHOCLASE 14.156 
ClLBITE 37.2176 
6"ITE 21.6283 
DIOPSIDE 6022875 
HYPERS'THEM 7.09114 
MG"1TE 4.4659 
ILNENITE 2.98E56 
AMTITE l e M 2  sw i e e e e e a  
UOLtASr(mITE(DIOPS1DE 3e202-1 
ENSTATITE(D1OPSIM) 1.34219 
FERROSILIl'E~DIOPSIDE 1 1 em445 
mStATITE(HYPERST"E) 4.55038 
FERROSfLITE("€RSTHENE) 2.54076 
X t  NORMTIM WTIM - CIW X t  
ORtABIAN 19.3913 58.9817 29.627 
QZORSAB+Mi 6.43678 18.1431 75.4201 
tC+NEMS~OR~AB+AN 0 19.3913 80.6887 
" W I V E  PVIGIOCLASE CONTENT- Cm 36.7541 
N O ~ T I U E  COLOR INDEX= 20.7681 

O:OR:AB 8.90534 a5.1011 6 s . m  

tt P€TROCHEMC@L IWICES it 
ALKALI INDEX-. - 35;aSii3 

RAFIC INDEX 74.7489 
FEtSIC INDEX 50.7519 
SOLIDIFICATION INDEX 15 s 5886 
DIFFERENTIATION INMX 56.3959 
CRVSTALLIZATION INDEX 29.0067 
.UEATHERINC INDEX (PARKER.1970) 84 8524 

2775 

ROCK 1s ~ T A L ~ I N O U S  (SWD.1945) 
THE ROCK IS SUBAKALIC (IRUINE 6 BCIRffiCIR.1971) 
THE ROCK IS CALC-ALXALIC (IRUINE b BMfiG(SR.1911) 
T I E  ROCK IS THOLEIITIC UlIVASHIRO.1974) 
THE ROCK IS ALKALIC (KUNO.1966) 
THE ROCK IS ALKALIC (RACWWLD 6 KATSURA.1964) 
THE ROCK IS THOLEIITIC (MCWNALD 6 KATSURA.1964) 
THE ROCK IS KOFHITIITIC (NALDRETT 6 (HZNDT.1976) 

CICCORDINC TO THE IUCS CtOSSIFICATION THE ROCK IS A 
auARTZ RONZODIORITE 
OR 6UCIRTZ ANDESITE 



tt INPUT DATA 8% 
SI02 57.81 At203 17.23 
nco 2.52 CAO 6.47 
TI02 1.31 Pa05 ,478 
PIODIFIED FE203. 2.81 
PlODIFIED FEO. 4,17507 
SUn OF OXIDES 99.4155 
SI02 58.1499 At203 17.3313 
UCO 2.53482 CAO 6.50804 
TI02 1,3177 P20S e48081 

X t  NORllALIZED OXIDE VALUES t% 

FEZ03 
NA2O 
PlNO 

FE203 
NA2O 
RNO 

7.4s 
4.09 
.I324 

2.82652 
4.11405 
.I33178 

FEO 
K20 

FEO 
K2O 

0 
2.39 

4 19962 
2 40405 

X t  UOLE NURBERS tt 
SI .967875 AL .169981 FE+3 1.77001E-8 
FE+2 5.84498E-2 
nc 6.28831~-2 CA .i16049 NA .e66377 K 2.55807E-2 
TI 1.64919E-2 P 3.38742E-3 PlN 1.87734E-3 
X t  NICCLI NUllBERS X t  

C 21.6288 ALK 17,1276 SI 180.389 
AL 31.6805 Fn 29.5631 
K ,277708 nc .396437 
TI 3,0737 P e631335 
X% ATOPIIC WEIGHT PERCENTS tt 
SI 27; 1793---- AL 9.3346 FEt3 1.97687 FE+2 3.26436 
nc 1.529 CA 4.6513 NA 3.05221 K 1.9956 
TI e789963 P e209826 PIN 8.41555E-2 0 46.094 
X t  OXIDE-SILICA RATIOS tt  
AL203/SIO2 298045 
FE203/SIO2 4.86075E-2 
FEO/SIO2 7.22206E-2 
FEOWSIO2 115958 
ncois 102 4.35911E-2 
CAO/SI02 e111918 
NA20/SIO2 ,070749 
Ki?O/SI02 4.13423E-2 
XX OTHER OXIDE RATIOS X t  
NA2OIK20 1.7113 
K20/NA20 584352 
FEOX 6 74292 
FEOWMCO 2.66012 
Ne20 + K2O 6.5181 
A:FIpI- ' 41.2647 42.688 16.0474 
NA2OtK2OtCAO 31.583 18.4556 49.9614 
flCOtAL203~(CAO+NA2OtKitO) (PIOLE PROP. ) 
14,2653 I 38.561 47.1737 
AtCtF 28.5885 34.6371 36.7744 
1~3S102+K20-VCO-CAO-FEO (LARSEN, 1938 )- 5.99315 

X t t t  NORPIATIUE RINERALS X t t t  

ORTHOCLASE 14.2059 
OUARtZ 8.68859 
ALBITE 34.8094 
ANORTHITE 21,7229 
DIOPSIDE 6.02584 
IIACNETITE 4.09827 
ILllENITE 2.50264 
HYPERSTHENE 6.83479 

APATITE 1.11334 

WOLLASTONITE(DIOPS1DE) 3.09978 

ENSTATITE(HYPERSTHENE) 4.4204 

tt NORRATIUE RATIOS - CIPW tt 

sun 100.~2 

ENSTATITE(DIOPS1DE) 1.89243 
FERROSILIT€:(DIOPSIDE) 1.03363 

FERROSILITE(HYPERSTHENE) 2,41439 

0R:ABtCIN 20.6823 49.2088 36.7689 
0: OR: AB 15.8572 24.6185 60.3843 
Q:OR:AB+AN 10.9391 17,8855 71.1754 

NORflATIUE PLAGIOCLASE CONTENT* AN 38.4856 mnma COLOR I N M X ~  19.4615 
LC+NE+KSlOR:AB+AN 0 20,0823 79.9177 

tt PETROCHEIIICAL INDICES tt 
ALKALI INDEX 36.8827 

SOLIDIFICATION INDEX 16.0474 
DIFFERENTIATION INDEX 57.7039 
CRVSTALLIZATION INDEX 28.9028 
UEATHERINC INDEX (PARKER,I970) 81.8864 
ClLTERCITfON INDEX (ISHIKOWCI ETAL,1976) 31.7388 

40.4738 THETA INDEX (SUCIMURA,I968) 
S INDEX (RITTflAN,I960) 2.80435 

THE ROCK IS SUBALKALIC (IRUINE b BARAGAR,1971) 
THE ROCK IS CALC-ALKALIC (IRUINE b BARACAR,I971) 
THE ROCK IS THOLEIITIC (NIYASHIR0,1974) 
THE ROCK IS HIGH ALUPlINA (KUN0,1966) 
THE ROCK IS KO~ATIITIC (NALDRETT b ARNDT,1976) 

ACCORDING TO THE IUCS CLASSIFICATION THE ROCK IS A 
QUARTZ RON20DIORITE 
OR QUARTZ ANDESITE 

FELSIC INDEX 50.0386 
MAFIC INDEX 73.4878 

PERALUNINOUS INDEX -22.3351 

THE ROCK IS nETALUnINOUS (SHAND,l945) 



c. 
W 
W 

~sssst t tXXsss~sXtXtX~ssst t t t tsssssXXXXtssssst t t t tsssss 
SAflPLE NUMBER STEMBOAT HILLS 3316 

t l  
SI 
RG 
TI 
nc 
flc 
SL 
t l  
SI 
RG 
TI 

: INPUT DATA tt 
02 55.94 At203 18.13 FEZ03 7.9 FEO 0 

IDIFIED FE203= 2.95 
IDIFIED FEO- 4.45401 
111. OF OXIDES 99.3887 

’0 2.29 CAO 6.55 Ne20 4.58 K2O 2.38 
.o2 1.45 Pa05 -5259 PINO -1388 

NORflALIZED OXIDE WLUES tt 
:02 56.2841 ~ ~ 2 0 3  18.2415 F E ~ O ~  2.96814 FEO 4.4814 
!o 2.38408 CAO 6.590~1 rmto 4.68817 K ~ O  2.39464 
,02 1.45892 P205 e529135 MNO -139654 

tt ROLE NUflBERS X X  
SI  .936819 A t  .178908 FE+3 1.85869E-2 

T I  1.82593E-2 P 3.72787E-3 RN 1.96862E-3 

E+i! 6.23717E-2 
ffi 5.71591E-2 CA e117516 NA 7.43493E-2 K 2.54208E-2 

t X  NIGCLI NURBERS t X  
A t  32.2428 Ffl 28.598 
c 21.1786 OLK 17.9805 SI 168.833 
K .a54794 flC e360207 
TI 3 . 2 9 ~ 8  P .67i836 

XX ATOflIC UEICHT PERCENTS 22 
S I  26;30?2---- A i  5.6&25 FE+3 2.07592 FE+2 3.4834 
nc i .3aga~ CA 4.71088 NCI 3.4188 K 1.98779 
T I  .874621 P .230914 PIN 8.82472E-2 0 45.778 

X X  OXIDE-SILICA RATIOS XX 
AL203/SIO2 .324097 
FE203/SIO2 5;27351E-2 
FEO/SI02 7.96212E-2 
FEOWSIOB .127072 
flCO/S I02 4.89367E-2 
CAO/SI02 .11709 
NA201s Io2  8.18734E-2 
K2O/SI 02 4.25456E-2 

X t  OTHER OXIDE RATIOS X X  
NAaO/K2O 1.92437 
K20/NAEO -519651 
FEOt 7.15214 
FEOt/flCO 3.10411 
NA2O + K2O 7.ee28i 

NA208K2O:CAO 3 3 . ~ 0 8  17.6166 48.4826 
A:F:fl= 43.5469 43.4542 13.9989 

RGO:AL203:(CAO+NA2O+K20) (ROLE PROP. 1 
12.6081 39,4634 47.9286 

A:C:F a9.021 34.898 36.081 

1/3SI02+K2O-flCO-CAO-FEO (LARSEN.1938). 5.08607 

X t X t  NORIIATIUE flINERALS X X X X  

OUARTZ 4.16381 
ORTHOCLASE 14.1502 

ANORTHITE 22.0163 

HYPERSTHENE 6.49385 

ILMENITE 2.77085 
APATITE 1.22584 

ALBITE 38.9903 

DIOPSIDE 5.88838 

MCNETITE 4.38361 

sun 180.002 

UOLLASTONIT€~DIWSSM) 3.01593 

ENSTATITE(HVPERSTHENE) 3.97827 

ENSTATITE(DIOPS1DE) 1.75994 
FERROSILITE(D1OPSIDE) 1.11251 

FERROSILITE(HYPERSTHENE) 2.51478 

X t  NORRATIUE RATIOS - CIW tt 
OR:AB:AN 18.8276 51.8786 29.2938 
O:OR:AB 7.Z6615 24.6931 68.0407 
O:ORIAB+AN 5.24935 17.8393 76.9114 
LC+N€+KS:OR:AB+AN Q 18.8276 81.1724 
NORPI6T IUE -PLAG IOCLASE-CONrEN~= -AN-i6 0i84 
NORRATIUE COLOR INDEX= 19.4559 

X t  PETROCHEflICAL INDICES XX 
ALKALI INDEX 34 1954 
FELSIC INDEX 51.5174 
PlAFIC INDEX 76 3772 

DLFFERENTIATION INDEX 57,3043 

WEATHERING INDEX (PARKER,l970) 85 9328 

SOLIDIFICATION INDEX 13.9989 

28.6006 CRYSTALLIZATIMI INDEX 

ALTERATION INDEX (ISHIKAWA ETAL.1976) 29.557 
PERALUPIINOUS INDEX -21.4509 
THETA INDEX (SUGIRURA,l968) 38 .a41 
S INDEX (RITTflAN,l960) 3 69159 

THE ROCK I S  PIETALURINOUS (SHAND.1945) 
THE ROCK I S  ALKALIC (IRUINE b BARAGAR.1971) 
THE ROCK I S  THOLEIITIC (RIYASHIRO. 1974 1 
THE ROCK I S  ALKALIC (KUN0.1966) 
THE ROCK I S  ALKALIC (RACDONALD b KATSURfb1964) 
THE ROCK I S  THOLEIITIC (MACDONALD b KATSURA.1964) 
THE ROCK I S  K O I I A T I I T I C  (NALDRETT b ARNDTe1976) 

ACCORDING TO THE IUCS CLASSIFICATION THE ROCK I S  A 
QUARTZ flONZODIORITE 
OR QURRTZ ANDESITE 



tt fr(Wt DATA 
SI02 54.67 
RGO 2.26 
TI02 le62 
HODINU) ma0 
mdDIFIED FEO. 
SUR OF OXIDES 
tt "MLIZED 
NGO 2.27658 
TIE 1.63189 
SI02 55.0711 

ir ...- 
AL203 18.96 
CCIO 6.7 
PZO5 e5448 
5.18Z85 

38 3.12 
99.2716 
OXIDE UALUES 8% 
AL203 19.8991 
CAO 6.74916 
P205 0548737 

FE203 
NA2O 
RNO 

FE203 
W20 
"0 

8.88 
3.79 
e144 

3,14289 
3.81781 
145857 

FEO 
K20 

FEO 
K2O 

0 
2.28 

5.22087 
2.29673 

X t  NOLE NUMBERS tt 
FE+2 7.26635E-? 
SI e91663 AL .18732 FE+3 1,96812E-2 
RG 5.64768E-7 CA ala349 NA 6.15974E-2 K 2,43814E-2 
TI 2.04241E-2 P 3.86640E-3 Fm 2.04478E-3 
tt NICCLI MJllBERS X t  - - - - - - - - 
AL 33.2085 FR 30.83 
C 21.3306 ALK 15.2389 SI 162.463 
K e283575 RG e331126 
TI 3.61996 P a68528 

c-. * 
0 

tt ATORIC EIGHT PERCENTS X t  
SI tS.7402 AL 10.1092 FEt3 2.19814 FE+2 
I1c 1.37323 CA 4.82362 NA 2.83243 K 
TI .978316 P .a39495 I" 9.16612E-2 0 
tt oxm-snIca RATIOS tt 
ALi?O3/SI 02 ,346808 
FE203/S102 5.70697E-2 
FEO/S IO2 9.48024E-2 
FEOWSIOB 146154 rtGo/sra 4.13389E-2 . . - - - - - - - 
ch/S i OS .122554 
w2o/sro2 069325 
K2OIS102 4.17048E-2 
tt OTHER OXIDE RATIOS tt 
W2O/K2O 1 66288 
K2OM20 e601583 
FEOt 8 04885 
FEOt/MIO 3.5355 
NCIW t KaO 6.11454 . . .- - . __ - 
AtFtfl- 3?;i@3i 48.959 13.8478 
NA20tKaOSCAO 29.6789 17.8543 52.4667 
NGOtAL203t(CAO+NA20+KaO) (ROLE PROP. 1 

AtCtF 38.4843 38.3835 35.2128 
1/3SfO2*K2O-RGO-CAO-FEO (LARSEN.1938)- 3.52202 

18.547 41.6151 45.8379 

4.05819 
1 e90651 
45 649 

tttt NORPHlTIUE NINERALS X t t t  

OUARTZ 6.05982 
ALBITE 32.3829 
ANORTHITE 28,193 
DIOPSIDE 1.48155 
RAGNETITE 4.55699 
ILNENITE 3.09936 
CIPATITE 1.270'11 
supt 100.002 

ORTHOCLASE 13.5717 

HYPERSTHENE 9.54572 

OUARTZ 6.05982 
ALBITE 32.3829 
ANORTHITE 28,193 
DIOPSIDE 1.48155 
RAGNETITE 4.55699 
ILNENITE 3.09936 
CIPATITE 1.270'11 
supt 100.002 

ORTHOCLASE 13.571 

HYPERSTHENE 9.545 

7 

;72 
I 

WLLASTONITE(DIOPS1M) e712387 
ENSTATITE(DIOPS1DE) ,381767 
FERROSILITE(DIOPS1DE) .Xi7393 
ENSTATITE ( HVPERSTHENE S. 28794 
FERROSILITE(HYPERStHENE) 4.25778 
X t  NORMTIUE RATIOS - C I W  8% 
ORtABtW 18.3234 43.6127 38.0639 
0 8 OR :AB 11.6682 26.1323 62.1995 
OtORtABtCHI 7056273 16.9376 75.4997 
LC+NE+KStORrAB+AN 0 18.3834 81.6766 
NORNfVIUE PMGIOCLASE CONTENT. AN 46.6032 
NORNATIUE COLOR INDEX. 18.6036 

tt PETROCHEIIICAL INDICES tt 
ALKALI INDEX 37.5618 
FELSIC INDEX 47.5333 
RAFIC INDEX 78 6043 
SOLIDIFICATION INDEX 13.8478 
DIFFERENTIATION INDEX 51.9344 
CRVSTALLIZATION INDEX 32.7225 
UEATHERINC INDEX (PARKER,l970) 78.1478 
ALTERATION INDEX (ISHIKAUA ETAL.1976) 30.2063 
PERALUNINOUS INDEX -10.1473 
THETA INDEX (SlGIllURA,1968) 48.0242 
S INDEX (RITTRAN.1960) 3 89727 

THE ROCK IS II'ETAUmINOUS (SHAND.1945) 
TWE ROCK IS C6LC-ALKALIC (IRUINE b BARRCAR.1971) 
THE ROCK IS SUBALKALIC (IRUINE b BFIRffiAR,1971) 

is ~LEI~TIC-~NI~ASHIR0,1974 1 
THE ROCK IS ALKALIC (KUNO,1966) 
THE ROCK IS ALKALIC (MACDOWLD b KATSURCI,l964) 
THE ROCK IS THOLEIITIC (RNDONALD b KATSm,1964) 
THE ROCK IS KORATIITIC (NALDRETT b RRNDT,1976) 

ACCORDING TO THE IUGS CLCISSIFICATION THE ROCK IS A 
OUARTZ RONtODIORITE 
OR OCHIRTZ ANDESITE 



ssssstxxxtssssstXttxssssstt%%xsssssatxaasssss%~t%tsssss 
SAPlPLE NUPlBER STEAPlBOFIT HILLS 3323 

t t  INPUT DATA t% 
SI02 76.87 At203 13.33 FE203 e7288 FEO 0 

TI02 ,0616 P205 ,0414 PlNO ,1016 
RGO .129 CCIO ,5855 Ne20 3.49 K2O 4.64 

SUR OF OXIDES 99.9779 
- - _ _  - - - - - - . . -- -- 

SIO2-76.887 At203 13.3329. FE203 .728961 FEO 0 
RGO -129029 CAO -585629 NA2O 3.49077 K2O 4.64103 
TI02 6.16136E-2 pa05 4, i4e92~-2 

x x  noLE NUI~BERS t~ 
SI 1.27974 AL -130766 FE+3 4.56485E-3 

PIC 3.2009lE-3 CA 1.04488E-2 NA 5.63209E-2 K 4.92678E-2 
TI 7.71134E-4 P 2.91737E-4 nN 1.43251E-3 

FE+2 0 

t X  NICGLI NUPlBERS tt 
AL 58.1864 m s.28232 

K .466601 ne .a32561 
C 4.00779 ALK 48.5235 S I  491.148 

T I  .a95951 P .111965 

8% ATOPIIC UEICHT PERCENTS tt 
S I  35.937 AL 7.05713 FE+3 -509835 FE+2 0 

T I  3.69374E-2 P -018071 RN 6.42152E-2 0 49.4381 
PIG .e7783 CA ,418549 NA 2.589a K 3.85252 

t% OXIDE-SILICA 
AL2OWSI02 
FE203/SIO2 
FEO/SI 02 
FEO%;Sl62 
RCO/S Io2 
CfiO/S102 
NFIi?O/SIO2 
K201S102 

RATIOS %t 
17341 

9.48094E-3 
0 
8.53095E-3 
1.67816E-3 
7.61676E-3 
4,54013E-2 
6.03616E-2 

8% OTHER OXIDE RATIOS %% 
NA201K20 .752155 
K20/NA20 1 e32951 
FEOt .655919 
FEOWRGO 5.08352 
NA20 + K2O B.131R _. 

AtF:PI= 9 i l i9E9 7.35604 1.44704 
N(\2O:K20:CAO 48.8436 53.2385 6.71791 

RGOtALa03¶(C~OtNA20+K20) (ROLE PROP. 1 
1.28037 52.3068 46.4128 

A:C:F = 66.3619 23.3 10;338l 

1/3SI02+K20-WGO-CAO-FEO (LARSEN,l938)* 28.8486 

t t t t  NORPlATIUE nIN€RC\LS X t t t  

QUARTZ 37 494 
CORUNDUW 1.60143 
ORTHOCLASE 27.4244 
CILBI'TE 29.5358 
WORTHITE 2.63491 
HYPERSTHENE -321339 
RACNETITE e153136 
HEWATITE -623346 
ILPIENITE .11702 
APATITE 9.58852E-2 sum 100.001 ~- 
IINO e101622 
ENSTFITITE(MPERSTHENE) -321339 

%t NORPII\TIVE RATIOS - CIW %t 
0R:CIBtCIN 46.8179 49.5608 4.42134 
Q8OR:RB 39.6954 29.8346 31.27 
QzOR:AB+AN 38,6181 28.2466 33.1352 
LC+NE+KS:OR:AB+CIN 0 46.0179 53.9821 
NORP1ATIUE PLAGIOCLASE CONTENT- AN 8.19038 
NORflATIVE COLOR INDEX= 1.21484 

tt PETROCHEPlICCIL INDICES tt 
6LKALI INDEX 57.8726 
FELSIC INDEX 93.2821 
IIAFIC INDEX 84.9615 
SOLIDIFICFITION INDEX 1.44704 
DIFFERENTIATION INDEX 94.4542 
CRYSTALLIZATION INDEX 2.86011 
blEAl'HfRING INDEX (PARKER,l970) 73 
C\LTERATION INDEX (ISHIKAUA ETAL,l976) 53 
PERALUnINOUS INDEX 11.2682 
THETA INDEX (SUGIIIURA,l968) 48 2216 

1.95137 S INDEX (RITTflAN,l960) 

4274 
,9205 

THE 
THE 
THE . . .- 
THE 
THE 
THE 

ROCK 
ROCK 
ROCK 
ROCK 
ROCK 
ROCK 

I S  _ _  
I S  
I S  
I S  
I S  
IS 

PERALUTlINOUS (SHAND,l945) 
SUBALKALIC (IRUINE b BARAGAR,l971) 
CAW-ALKALIC (IRWIN€ & BARfGCIR,lS? 
CALC-FILKALIC (flIYASHIRO,l974) 
HIGH ALURINA (KUNO,l966) 
KOPIATIITIC (NALDRETT b ARNDT.1976) 

ACCORDING TO THE IUGS CLASSIFICFITION THE ROCK 
GRANITE (38) OR RHVOLITE 

'1 1 

IS FI 



t % t t X * X S % % % % t t X X * S % S % % X X t X X % % ~ % % t X ~ ~ X S % % % % % * t * t S % % % %  
SAMPLE NUMBER STEAMBOAT HILLS 3327 
X X  INPUT DATA t X  
SI02 55.07 AL203 19.36 FE203 7.93 FEO 0 
MGO 2.15 CAO 6.52 NO20 4.43 K2O 2.31 
TI02 1.42 P205 -5301 PINO -1358 
MODIFIED FE203- 2.98 
MODIFIED FEO- 4.508 
8% NORRALIZED OXIDE VALUES XX 

MGO 2.16398 CAO 6.5624 NA2O 4.45881 K20 2.32502 

sun OF OXIDES 99.3539 
SI02 55.4281 AL203 19,4859 FE203 2.93899 FEO 4.53731 
TI02 1.42923 Pa05 a533547 RNO -136683 

t X t t  NORMATIUE MINERALS t X X X  

QUARTZ 3.68792 
ORTHOCLASE 13.7389 
ALBITE 37.7265 

HYPERSTHENE 8.0718 

APATITE 1 .a3546 

ANORTHITE 26.2877 
DIOPSIDE 2.27769 
MAGNETITE 4.26134 
ILIIENITE 2.71447 
sun ieo.002 
WOLLAS 
ENSTAT 
FERROS 

'1 
'I 
'ONITE(DIOPS1DE) 1.16268 
'TE ( DI OPSI DE 1 .654106 
:LITE(DIOPSIDE) .460912 
'TE (HYPERSTHENE 1 4.73518 
:LITE(HYPERSTHENE) 3.33662 

IATIUE RATIOS - CIPU tl! 
IN 17.6699 48.5209 33.8092 
1 6.68668 24.9103 68.403 
1+AN 4.52834 16.8697 78.6019 
:SiOR:AB+AN 6 17.6699 82.3301 
1UE PLAGIOCLASE CONTENT- AN 41.0654 
N E  COLOR INDEX- 17.3253 

XX MOLE NUMBERS 8% 
SI .922572 AL .191113 FE+3 1.84043E-2 
FE+2 6.31498E-2 

ENSTAT 
FERROS 
t X  NOR 
0R:AB: 
6:OR:fl 
Q:OR:A 

RG 5.36835E-2 -CA ,117019 NA 7.19395E-2 K 2.46818E-2 
TI 1.78878E-2 P 3.75896E-3 PIN 1.92674E-3 
X t  NICCLI NURBERS XX 
AL 34.1071 FM 27.7656 
C 20.8838 ALK 17.2435 
K .255449 mc .345054 
TI 3.19235 P e670845 

SI 164.647 iCiNEt 
NORPlAT 
NORPIAT 

8% ATOIIIC WEIGHT PERCENTS tl: 

TI .856826 P .23284 

SI 25.9071 aL 10.3139 mc 1.30531 CA 4,69815 
XX PETROCHEIIICAL INDICES tt  

FEI 
NA 
M N  

.3 2.05553 
3.30799 

8.63701E-2 

FE+2 
K 
0 

3.52685 
1.93 
45.7871 

ALKALI INDEX 34.273 
FELSIC INDEX 50.8296 
MQFIC INDEX 77.5527 
SOLIDIFICATION INDEX 13.4162 

CRYSTQLLIZATION INDEX 
WEATHERING INDEX (PARKER.1970) 83. 
ALTERATION INDEX (ISHIKAWA ETAL.1976) 28. 
PERALUFlINOUS INDEX -11.7871 
THETA INDEX (SUCIMURA.1968) 39.0655 
S INDEX (RITTflAN.1960) 3.70292 

DIFFERENTIATION INDEX 55.1533 
31.0172 

X t  OXIDE-SIL 
AL203/SIO2 

.ICA RATIOS t% 
.35i553 
5.302346-2 
8.18594E-2 
.12957 
3.90412E-2 
.118395 
8.04431E-2 
4.19466E-2 

I 5082 
I 9422 

THE ROCK IS RETALURINOUS tSWND.1945) 
THE ROCK IS ALKALIC (IRUINE b BARAGAR81971) 
THE ROCK IS THOLEIITIC (RIYASHIR0819?4) 
THE ROCK IS CILKALIC (KUN0,1966) 
THE ROCK IS ALKALIC (MCDONALD b KATSURA.1964) 
THE ROCK IS THOLEIITIC (MACDONALD b KATSURA.1964) 
THE ROCK IS KOMATIITIC (NALDRETT b ARNDT,l976) 

*X OTHER OXIDE RATIOS 8% 

K20/NA20 .Si31445 
NA2O/K20 1 e91775 

FEOX 7.18182 
NAZO + K20 6 78383 
NA2O:K2OrCAO 33.4087 17.4208 49.1704 

FEOX/MCO 3.3188 
A:F:R- 42.0582 44.5256 13.4162 

MCO:AL203~(CAO+Nh20+K20) (ROLE PROP. 1 
11.7101 41.688 46.6018 

ACCORDING TO THE IUGS CLASSIFICATION THE ROCK IS A 
MONZODIORITE 
OR ANDESITE 

AZCIF * 32.3787 33.5609 34.0604 

1~3SIO2+K20-RCO-CAO-FEO (LARSEN,l938)- 4.86602 



ssssstttttsstsstttttssssstttrtsssssrttttsssssrttttsssss 
SAPIPLE NURBER STEMBOAT HILLS 333e 
8% INPUT DATA X t  
SI02 55,52 AL203 18.95 
RCO 1.87 CAO 6.55 
TI02 1.63 Pa05 e5021 
RODIFIED FE203. 3.13- 
RODIFIED FEO= 4.82293 
t& NORRALIZED OXIDE WLUES tt 
SUR OF OXIDES 99,3165 
SI02 55.9021 AL203 19.0804 
TI02 1.64122 P2OS .505555 
mo 1.88287 CAO 6.595e8 

FE203 m a 
RNO 

FEZ03 
NAaO 
lW0 

8.49 
3.92 .ieis 

3.15154 
3.94698 
102198 

FEO 
K20 

FEO 
K20 

8 
8.38 

4 85612 
2.33597 

tt ROLE. NURBERS tt 
FE+2 6.75869E-2 
?IC 4.67097E-2 CA .I17601 NA 6.3681SE-2 K 2.47979E-2 
SI a930461 AL -187136 FE+3 1.97354E-2 

TI 2.e5409E-2 P 3.56175E-3 PIN 1.44063E-3 
X* NICCLI MBERS tt 

C 21.443 ALK 16.133 SI 169.657' 
AL 34.1218 FR 2 
K e280268 RC a300926 
TI 3.74535 P -649438 

tt ATOMIC UEICHT PERCENTS XX 
SI 26.f886 AL 10.0993 FE+3 2.20419 FE+2 3.77466 nc 1.13575 CR 4.7135 NA 2.92826 K 1.93909 
TI e98391 P s220624 RN 6.4579ZE-2 0 45.8076 
$8 OXIDE-SILICA RCITIOS tt  

7.691 87 
FEOI/ACO 4.08519 
NM0 + K2O 6.28294 
A:F:fi- 39.6288 48.5057 11.8735 Nfi2OsK20: CAO 30.6489 18.1398 51.21 19 
RCO: 6~203: ( CAO+NA~O+K~O ) (rn0t.E PROP. I 1066176 42.5381 46.8443 
A:CIF = 33.6599 33.435 32.9051 

1~3SIO2+K2O-MCO-CAO-FEO (LARSEN,l938)= 4.81659 

t t * X  NORRATIVE RINERALS t%t% 

:) 3.43708 

THE ROCK IS RETALURINOUS (SlWND.1945) 
THE ROCK IS SUBALKCILIC (IRUINE b BARACAR.1971) 
THE ROCK IS CALC-ALKALIC (IRUINE b BARACAR,l971), 
THE ROCK IS THOLEIITIC (RIVASHIR0.1974) 
THE ROCK IS ALKALIC (KUN0,1966) 
THE ROCK IS ALKALIC (PIACDONALD b KATSURA,l964) 
THE ROCK IS THOLEIITIC (PICICDONALD b KATSURA,1964) 
THE ROCK IS KOPIATIITIC (NCILDRETT b MDT.1976) 

ACCORDING TO THE IUGS CLASSIFICATION THE ROCK IS A 
OUARTZ RONZODIORITE 
OR OUARTZ ANDESITE 



SSSSSt%%ttSS$SSttt%&S%SSS%tt&tS%SSSXXt%&SSSSSlr%&t&SSSSS X t t X  NORPIATIWE llINERALS t X t X  
SAPtPLE NUmBER STEAmBOAT HILLS 3333 QUARTZ 3.49839 
%& INPUT DATC, 8% 

TI02 1.51 P205 .4873 

SI02 54.72 AL203 18.74 
RGO 2.74 CAO 6.69 

RODIFIED FE203. 3-81 
RODIFIED FEO* 4.78694 
SUM OF OXIDES 99.3293 

SI02 55.0895 AL203 18.8665 
RGO 2.7585 CAO 6.73517 
TI02 1.5202 P2OS -49059 

tt NORWALIZED OXIDE VALUES XX 

FE203 
NA2O 
PlNO 

FE203 
NA2O 
PINO 

8.33 
4.24 

1351 

3.03032 

,136012 
4 26863 

FEO 
K20 

FEO 
K2O 

0 
2.27 

4.81926 
2 28533 

tt ROLE NVPIBERS tt  
S I  .916935 AL .la5029 FE+3 1.89763E-2 
FE+2 6.70739E-2 
RC 6.84322E-2 CA .la0099 HA 6.88711E-2 K 2.42604E-2 
T I  1.90262E-2 P 3.45632E-3 PIN 1.91728E-3 

tt NICGLI NUMBERS tt 
AL 32.256 FM 30.5736 
C 20.9357 ALK 16.2347 S I  159.84 
K ,260496 RG -390177 
TI 3.31666 P .6e2507 

ORTHOCLASE 13;5043 
ALBITE 36.1174 
ANORTHITE 25.5686 
DIOPSIDE 3.77663 
HYPERSTHENE 9.11946 
flAGNETITE 4.39377 
ILNENITE 2,887233 
APATITE 1.13599 
sum 1m.002 

UOLLASTONITE(DIOPS1DE) 1.93786 
ENSTATITE(DIOPS1DE) 1,15276 
FERROSILITE(DIOPS1DE) e686015 
ENSTATITE(HYPERSTHENE) 5.71715 
FERROSILITE(HYPERSTHEN€) 3.40232 

tt NORIIATIUE RATIOS - CIPW X t  
0R:ABtAN 17.9608 48.0347 34.0052 
QZORtAB 6.58582 25.4222 67.992 
QZORtABtAN 4.44587 17.1617 78.3924 
LC+NE+KStOR$AB+AN 0 17.9602 82.0398 
NORPIATIWE PLAGIOCLASE CONTENTS AN 41.4496 
NORmATIWE COLOR INDEX= 20.1771 

22 ATONIC UEICHT PERCENTS X t  
;0s FE+3 2.11941 

,59461E-2 

X t  OXIDE-SILICA RATIOS XX 
AL203/SI02 .342471 
FE203/SI02 5.50073E-2 
FEO/SIOB 8.74806E-2 - _.-_ - ----  
FEOWS I02 .136976 
flCO/ S I02  5.00731E-2 
CAO/SIO2 .122259 
NA2O/SIO2 7.74854E-2 
KEO/SI02 4.14839E-2 

XX OTHER OXIDE 
NA2OHK20 
K2O/NCl20 
FEOt 
FEOX/flCO 
NA2O + K2O 
A:Ftll= 
NA2OtK2OlCAO 

RATIOS tlr 
1.86784 
.535377 
7.54594 
2 73552 
6 55396 
38 8765 
32.1212 

44 7607 
17.197 

16 3628 
50.6818 

tlGOZAL203:(CAO+NA2O+K20) (MOLE PROP. 1 

AtCIF 30.0982 32.5997 37.3021 

1~3SfO2+K20-flCO-CAO-FEO (LARSEND1938)= 3.55514 

14.6629 39.6482 45.6889 

FE+i? 
K 
0 

3.74601 
1.89705 
45.6468 

8% PETROCHEIIICAL INDICES tt 
ALKALI INDEX 34.8694 
FELSIC INDEX 49.3182 
PIAFIC INDEX 73.9962 
SOLIDIFICATION INDEX 16.3628 
~IFFERENSIATION- INDEX 53.12 DIFFERENTIATION- INDEX 53.12 
CRYSTALLIZATION INDEX 32.0619 
WEATHERING INDEX (PARKER,l970) 83 
ALTERATION INDEX (ISHIKAUA ETAL,l976) 314 
PERALUNINOUS INDEX -15.2359 
THETA INDEX (SUGIflURA.1968) 38.7624 
S iNDEX ?RITTllRN,l960j 3.55304 

E~YS~AELIZAT~ON INDEX 32.0619 
WEATHERING INDEX (PARKER,l970) 83 
ALTERATION INDEX (ISHIKAUA ETAL,l976) 314 
PERALUNINOUS INDEX -15.2359 
THETA INDEX (SUGIflURA.1968) 38.7624 

,4973 
t 4304 

THE ROCK I S  PlETALUnINOUS (SHAND,l945) 
THE ROCK I S  ALKALIC (IRUINE b BARACAR,1971) 
THE ROCK I S  THOLEIITIC (fiIYASHIRO,l974) 
THE ROCK IS ALKALIC (KUNO,l966) 
THE ROCK I S  ALKALIC (IIACDONALD b KATSURA,1964) 
THE ROCK I S  THOLEIITIC (PlACDONALD h KATSURA,l964 
THE ROCK I S  K O f l A T I I T I C  (NALDRETT b ARNDTD1976) 

ACCORDING TO THE IUCS CLASSIFICATION THE ROCK I S  A 
NONZODIORITE 
OR ANDESITE 



sssss~XXt isss~st t t~%ssssst tXXtsssss%XX~tssssst* t tXsssss 
SAPlPLE NUtlBER CARSON CITY 3339 
XJ:  INPUT DATA X t  

TI02 1.65 P205 .526 
PIODIFIED FE203= 3.15 
PlODIFIED FEO= 5.78571 
Sutl OF OXIDES 99.2391 
t P  NORPlALIZED OXIDE VALUES X t  
SI02 55.1093 AL203 17.2009 

TI02 1.66265 P205 ,530033 

SI02 54.69 At203 17.07 
PIC0 3.08 CAO 6.99 

PIGO 3.10361 CAO 7.04359 

FE203 
NA2O 
RNO 

FE203 
NA2O 
RNO 

9.58 
4.16 
1574 

3.17415 
4.1919 
158607 

FEO 0 
K20 1 e98 

FEO 5.83007 
K20 1.99518 

tt PlOLE NUNBERS XX 
SI -917266 At -168702 FE+3 ,019877 
FE+2 8 1 1423E-2 
PlG 7.69937E-2 CA e125599 NA -067633 K 2.11803E-2 
TI 2.08091E-2 P 3.7342OE-3 PlN 2.23579E-3 

X t  NIGGLI NURSERS t% 
AL 28.9243 FPl 34.3143 
C 21.5342 ALK 15.2272 SI 157.267 
K .a38481 nG .3847 
TI 3.56777 P .640236 
t~ monrc WEIGHT PERCENTS tt  
SI 25.7581 AL 9.10443 FE+3 2.22 FE+i? 4.53172 
TI .996759 P .a31386 PlN .300224 0 45.3851 
mc 1.8721 CA 5.03406 NA 3.10997 K 1.6562 

tt  OXIDE-SILICA 
AL203/SI02 
FE203lSI 02 

RATIOS t t  
e312123 
5.75974E-2 

FFO/SI02 105791 

IIGO/SI 02 5.63174E-2 
FEOX/S102 .157617 

.127811 
7.6e651~-2 
3.62041E-2 

i t  OTHER OXIDE 
NA201K20 
K20/NA20 
F E O t  
FEOt/PlGO 
NA2O + K20 
AtF:ll= 
NA2O:K2OtCAO 

RATIOS 8% 
2.10101 
475962 
8.68618 
2 -79873 
6 18708 
34.4169 
31.6832 

48.3186 17.2645 
15.08 53.2369 

RCO:AL203:(CAO+NA20+K20) (PlOLE PROP.) 
16.7338 36.6658 46.6084 

A:C:F 9 25.8637 32.5608 41.5755 
1~3SIO2+K20-PlGO-CAO-FEO (LARSEN.1938)- 1.48832 

t t W  NORRATIUE PlINERMS X X X t  

HVPERSTHENE 9 64689 
Pl~GNETITE 4.60231 
ILPlENITE 3.15779 
APATITE 1.22732 sun ioo.oei! 
WOLLASTONITE(DIOPS1DE) 3.86525 
ENSTATITE(DIOPS1DE) 2.14894 
FERROSILITE(DIOPS1DE) 1.56592 
ENSTATITE(HYPERSTttENE) 5.58046 
FERROSILITE(HYPERSTHENE) 4.06644 
XX NORPlATIUE RATIOS - CIPW t X  
0R:AB:AN 16.9679 51.0457 31.9864 
O:OR:AB 8.34824 22.8651 68.7867 
O:OR:AB+AN 5.83372 15.978 78.1883 
LC+NE+KS:OR:AB+AN 0 16.9679 83.0381 
NORtlATIUE PLAGIOCLASE CONTENT= AN 38.5229 
NORRATIUE COLOR INDEX= 24.9871 
tl: PETROCHEnICAL INDICES X t  
ALKRLI INDEX 32,2476 

46.7631 FELSIC INDEX 
PlAFIC INDEX 74.3GGQ 
SOL ID IF ICAT ION INDEX---- 17 2645 
DIFFERENTIATION INDEX 51 * 5625 
CRYSTALLIZATION INDEX 30.7714 
WEATHERING INDEX (PARKER,19701 82.0628 ALTERATION INDEX (ISHIKFIUA ETAL.1976) 31.2153 
PERALUPlINOUS INDEX -27.0% - . - - - - - 

38.2036 THETA INDEX (SUGItlURA. 1968 
S INDEX (RITTflAN.1960) 3.16119 
THE ROCK IS PlETALUPlINOUS (SHAND,l945) 
THE ROCK IS SUBALKALIC (IRUINE b BhRACAR.19711 
THE ROCK IS CALC-ALKALIC (IRUINE b BARACARi1971 
THE ROCK IS THOLEIITIC (IIIYASHIRO,l974) 
THE ROCK IS ALKALIC (KUN0.1966) 
THE ROCK IS ALKALIC (IIACDONALD b KATSURA.1964) 
THE ROCK IS THOLEIITIC (PIACDONALD b KATSURA.196 
THE ROCK IS KOPlATIItIC (NALDRETT b hRNDT,l976) 

ACCORDING TO THE IUCS CLASSIFICATION THE ROCK I 
QUARTZ PlONZODIORITE 
OR OUARTZ ANDESITE 



c * 
m 

XX INPUT DATA XX 
SI02 57.35 At203 18.34 

CCIO 6.04 

t X  ROLE NURBERS XI: 
S I  ,96133 A t  .I8115 
FE+2 7,20152E-2 
ff i  4 . ~ 3 5 ~ - 2  CA .108467 

CIL 34.2743 FN 28.384 
C 20,5224 ALK 16.8994 

T I  1.61336E-2 P 3.29926E-3 

X t  NIGGLI NUPlBERS t X  

K .225027 RG .270553 
T I  3.05254 P .624233 

FE203 
NR2O 
"0 

FE203 
NA2O 
RUO 

8.49 
4.26 

143 

2.79971 
4.29021 

144014 

FEO 
K2O 

FEO 
K20 

0 
1.88 

5.17429 
1.89333 

FE+3 1.75322E-2 

NA 6.92193E-2 K 2.00991E-2 
 IN 2 . m e a ~ - 3  

SI 181.887 

%t ATOUIC WEIGHT PERCENTS t X  

TI . m a 0 2  P .a04365 RN 9.10025E-2 

SI 26.9955 AL 9.7762 FE+3 1.95812 
RC .984114 CA 4.3474 NA 3.18291 

8% OXIDE-SI 
~ ~ 2 0 3 / S i 0 2  

IICO/SIO~ 

FE203/SIO2 
FEO/S IO2 
FEOVSIO2 

CAO/ S I  02 
NAi?O/S I02 
KZO/SI02 

:LIcA 

XX OTHER OXIDE 
NA20/K2O 
KtO/NAZO 
FEOX 
FEOX/flCO 
NA2O + K2O 
A:F:R- 
NA208K2OlCAO 

RATIOS XX 
.319791 

.I33205 
2.82476E-2 

7.42807E-2 
3.27812E-2 

4.84743~4 
8.95878~-2 

185318 

RATIOS XX 

.441315 
2 26596 

7 69347 
4 71568 

39.8719 
34.9754 

6.18354 
49.6081 
15.4351 

FE+2 
K 
0 

4.02198 
1.57165 
46.094 

XXXX M A T I M  RINERALS XXXI: 

14 

UOLLASTONITE(D1OPSIDE~ e656164 
ENSTATITE(DIOPS1M) .a83871 
FERROSILITE(DIOPSIM) .37aa9 

FERROSILITE(HVPERSTHENE) 4.9~508 

OR:AB:AN is.3185 49.7018 34.~797 
0: OR 8 tlB 16.4175 19.6917 63.8988 

ENSTATITE(HYPERSTHENE) 3.7792'7 

8% NORRATIUE RATIOS - CIPU XX 

QZORZAB+AN 11.3251 13.5837 75.0912 
LCtM+KS:ORtAB+IIN 0 15.3185 84.6815 
NORRATIWE PLCICIOCLASE CONTENT- AH 41.3073 
NORRATIWE COLOR INDEX- 16.5542 

f t  PETROCH€PlICIIL INDICES XX 
ALKALI INDEX 38.6189 

RAFIC INDEX 83.a151 

DIFFERENTIATION INDEX 56. a 156 
CRYSTALLIZATION INDEX 2s. 8086 
WEATHERING INDEX (PARKER,l970) 75.5994 

FELSIC INDEX 58.4105 

SOLIDIFICATION INDEX 10.52 

ALTERATION INDEX (ISHIKAWA ETAL,1976) 25.3683 
PERALUUINOUS INDEX -9.18319 
THETA INDEX (SUGIllURA,I968) 42.0217 
S INDEX (RITTRAN,1960) 2.59111 

THE ROCK I S  RETALMINOUS (SHRND,l945) 
THE ROCK I S  SUBALKALIC (IRWINE b BARAGAR,1971) 
THE ROCK IS CfiLC-ALKALIC (IRVINE b BARACAR,1971) 
THE ROCK I S  THOLEIITIC (RIYASHIR0,1974) 

THE ROCK I S  KONATIITIC (NALDRETT b ARNDT,19761 
THE ROCK I S  HIGH ALURINA (KUN0,1966) 

10.52 
49.5895 

RGO:fiL203:(CAO+NA20+K20) (ROLE PROP. 

A:C:F - 32.9063 32.6364 34.4573 

9.65014 43.1917 47.1581 

1~3SIO2+K20-~CO-CAO-FEO (LARSEN,1938)= 5.71012 

CICCORDINC TO THE IUCS CLASSIFICATION THE ROCK IS A 
QUARTZ NONZODIORITE 
OR QUFHZTZ ClNDESITE 



s s s s s X t X ~ X s s s s s t X ~ t X s s s s s t t t x t s s s s s % t ~ t t s s s s s Z t * t t s s s s s  
SAflPLE NUPlBER TABLE ROUNTAIN 3344 
S t  INPUT DATA ZX 
SI02 57.1 At203 19.33 mco 2.36 CAO 7.79 
TI02 -7752 P205 .3278 
RODIFIED FE203* 2.2752 
IIODIFIED FEO= 4.40434 

tt NOR?'IALIZED OXIDE VALUES X %  
SI02 57.4164 At203 19.4371 

sun OF OXIDES 99.4489 

RGO 2.37308 CAO 7.83317 
TI02 e779495 P205 e329616 

FE203 7.17 
NA20 3.83 
RNO .1364 

FEZ03 2.28781 
NA2O 3.85122 
ITNO .137156 

FEO 
K20 

FEO 
K 20 

0 
1.12 

4 t 42875 
1 12681 

t x  noLE NURBERS xx 
SI .955666 AL e198635 FE+3 1.43266E-2 
FEt2 6.16388E-2 
RG 5.88707E-2 CA -139678 NA 6.2136%-2 K 1.19555E-2 

tt  NIGGLI NUPlBERS X t  
AL 34.317 FPl 27.2013 
C 25.1441 ALK 13.3376 SI 172.033 
K .16136 flG .389598 
TI 1.7562 P .418033 

t t  ATORIC WEIGHT PERCENTS tt 
SI 26.8364 AL 10.2881 FEt3 1.60009 FEt2 3.44246 
PlG 1.43144 CA 5.59836 NA 2.85722 K .934864 

TI 9.75589E-3 P 2.32222E-3 PlN 1.93341E-3 

TI .467308 P -143845 RN 8.66688E-2 0 46.3132 
8% OXIDE-SI 
AL203/SI02 
FE2031SI02 
FEO/SIO2 
FEOX/SI02 
PICO/SIO2 
CAO/SiOZ 
NA20/S IO2 
K201SI02 

'LICA RATIOS t t  
.338529 

,112987 

.136427 

1.96147E-2 

3.98459E-2 
7J1338E-2 

041331 

6.70753E-2 

S t  OTHER OXIDE RATIOS tt  
NA2O/K2O 3.41964 
Ki?O/NA2O .292428 
FEOt 6.48731 FEO~/RCO 2 a13371 
NA2O t K20 4.97743 
A:FlR= 35.9697 46.881 17.1492 
NA2O:KZO:CAO 38.0628 8.79121 61.146 

PlGO:AL203:(CAO+NA2O+K20) ( n o u  PROP.) 
12,7075 41.1493 46.1432 

A:C:F = 33.3009 35.5424 31*1567 

1~3SfO2+K2O-RGO-CAO-FEO (LARSEN,l938)* 3.48088 

tttt  NORPlATIUE PlINERALS * t X t  

WOtLASTONITE(DIOPS1DE) 1.78918 
ENSTATITE(DIOPS1DE) e925482 
FERROSILITE(D1OPSIDE) .815842 
ENSTATITE(HYPERSTHENE) 4.98455 
FERROSILITE(HYPERStWNE) 4.39404 

tt NORflATIUE RATIOS - CIPW X t  
0R:AB:AN 9.28642 45.4709 45.2427 
Q:OR:AB 20.096 13.5511 66.3529 
Q:OR:AB+AN 12.1046 8.16234 79.7331 
LC*NE*KS:OR:AB*AN 0 9.28642 90.7136 
NORPlATIUE PLAGIOCLASE CONTENT. AN 49.8743 
NORPIATIUE COLOR INDEX= 17.7067 
X t  PETROCHENXCAL INDICES t t  
ALKALI INDEX 22.6263 
FELSIC INDEX 38.854 
PlAFIC INDEX 73.8925 
SOLIDIFICATION INDEX 17.1492 
DIFFERENTIATION INDEX 49  - 1 GlQfi . - __ - - -  
CRYSTALLIZAT~ON iN%x 37.9118 
WEATHERING INDEX (PARKER.1970) 71.5413 
ALTERATION INDEX (ISHIKAWA ETAL,l976) 23.0464 
PERALURINOUS INDEX - 12.1362 
THETA INDE 
S INDEX 

:X (SUCIPIURA, 1968 1 ~ 4573807 
(RITTRAN, 1960 1 i .7ia5i 

THE ROCK IS RETALUIIINOUS 1SHAND,l94S) 
THE ROCK IS SUBALKALIC (IRUINE h BARACAR,l971) 
THE ROCK IS CALC-ALKALIC (IRUINE h BARACAR,l971) 
THE ROCK IS THOLEIITIC (flIYASHIRO.1974) 
THE ROCK IS HIGH ALURINA (KUN0,1966) 
THE ROCK IS KOPIATIITIC (NALDRETT Ih ARNDT,l976) 

ACCORDING TO THE IUGS CL&SSIFICC)TION THE ROCK IS A 
QUARTZ DIORITE 
OR QUARTZ ANDESITE 



Isiiiiisss%sti~its%sssi%%%%%%%ss%%iii~ssss%%i%%%s%%% 
SAIIPLE NURBER SILVER SPRINGS 3345 
t i  INPUT DATA X t  
SI02 56.64 AL203 18.52 
RCO 2.09 CAO 6.86 
TI02 1.17 P205 .3258 
HODIFIED FE203= 2.67 
RODIFIED FEO= 5.15585 
SUR OF OXIDES 99.3174 
tt NORRALIZED OXIDE VALUES ti 
SI02 57.0293 AL203 18.6473 
RCO 2.10437 CAO 6.98715 
TI02 1.17804 P205 -328039 

FE203 
NA2O 
RNO 

FE203 
NA2O 
PINO 

8.4 
4 
,1357 

2.68835 

.136633 
4 82749 

FEO 0 
K20 1.75 

FEO 5.19129 
K20 1.76283 

i t  ROLE NURBERS X i  
SI .949223 AL .182888 FEt3 1.68348E-2 
FE+2 7.22518E-2 
RG 5.22045E-2 CA e123166 NA 6.49805E-2 K 1.87052E-2 
T I  -014744 P 2.31111E-3 RN 1.92683E-3 
t i  NICCLI NUllBERS t X  
AL 33.2643 FR 29.1129 

326148 
1352 

t i  ATonIc WEIGHT PERCENTS i t  
SI 26.6555 AL 9.87081 FE+3 1.88023 FE+2 4.03519 
RG 1 .a6935 CA 4.93654 NA 2.988 K 1.46266 
TI .706236 P .143156 PIN 8.63382E-2 0 45.9668 
ti OXIDE-SILICA RATIOS X i  
AL203/SIO2 .326977 
FE203/SIO2 4.71398E-2 
FEO/SIO2 9.10285E-2 
FEOi:/SIO2 .133445 
RCO/SI02 3.68997E-2 
CAO~S102 .121116 
NA2O/SIO2 7.06215E-2 
K2O/SIO2 3.08969E-2 

i t  OTHER OXIDE RfiTIOS 8% 
NA2O/K20 E!. 28571 
K20/NA20 ,4375 
FEOZ 7.61087 
FEO%/RGO 3.61642 
NAE!O + K2O 5.78952 
A:F:R- 37.3417 49.8854 13.5729 
NO2OtK20tCAO 31.7209 13.8779 54.4013 

RCO~ALE03:(CAO+NA2O*K20) (ROLE PROP.) 
11.8125 41.3826 46.8849 

A:C:F 31.7481 33.69 34.5698 

1/3SI02+K2O-IICO-CfiO-FEO (LARSEN,l938)= 4.68592 

it%* NORRATlUE IIINERALS ttii 

WOLLASTONITE(DIOPS1DE) 1.88962 
ENSTATITE(DIOPS1DE) .899275 
FERROSILITE(DIOPS1DE) .964356 
ENSTATITE(HVPERS1HENE) 4.34154 
FERROSILITE(HVPERSTHENE) 4.65574 
t i  NORRATIUE RATIOS - CIPW it 
0R:AB:AN 14.4437 47.272 38.2844 
Q:OR: AB 15.6733 19.7355 64.5912 
Q:OR:OB+AN 10.2904 12.9574 76.7523 
LC+NE+KS:OR:AB+AN 0 14.4437 85.5563 
NORWATIWE PLACIOC ASE CONTENT. AN 44.7476 
NORnATIuE COLOR k X =  18.8859 

i t  PETROCHEI'IICAL kNDICES i t  
ALKALI INDEX 30.4348 
FELSIC INDEX 45.5987 

SOLIDIFICATION INDEX 13.5729 
DIFFERENTIATION INDEX 52.7581 
CRVSTALLIZATION INDEX 32.5806 

RAFIC INDEX 78 9226 

WEATHERING INDEX (PARKER. 197e 1 
ALTERCITION INDEX ( ISHIKRWKETAL, 1976) 
PEROLURINOUS INDEX -13.1028 
THETA INDEX (SUCIRURfi,l968) 42.437 
S INDEX (RITTRAN,1960) 2.3891 

75. 
26. 

1 

8 

t 4664 
b 1224 

THE ROCK IS RETALUNINOUS (SHOND,l945) 
THE ROCK IS SUBALKALIC (IRUINE b BARACAR.1971) 
THE ROCK IS CALC-ALKALIC (IRUINE h BARAGAR,l971) 
THE ROCK IS THOLEIITIC (RIYASHIR0.1974) 
THE ROCK IS HIGH ALUllINA (KUN0,1966) 
THE ROCK IS KOflATIITIC (NALDRETT b ARNDT,l976) 

ACCORDING TO THE IUGS CLASSIFICATION THE ROCK IS A 
QUORTZ PlONZODIORITE 
OR OUARTZ ANDESITE 



sIssst~X~~sssssX~*Xtsssss$XXXXsssss~X*ttsssssXXXX*sssss 
SclPlPLE NUIlBER RCCLELLAN PEAK 3346 

X % t t  NORPIATIUE MINERALS t t X X  

t* INPUT DATA XX 
51012 49.24 AL203 14.91 FE203 8.66 FEO 0 
nG0 18.28 CAO 9.7 Ne20 3.11 K20 1.74 
1102 1.55 P205 .5714 RNO .1372 
PIODIFIED FE203= 1.59344 
FlODIFIED FEO= 6.3651 

tt  NORIIALIZED OXIDE UALUES 11% 

PIG0 10.3632 CAO 9.77851 NA2O 3.13517 K2O 1.75408 

sun OF OXIDES 9 9 . 1 ~ 1  

SI02 49.6385 AL203 15.0307 FEZ03 1.60634 FEO 6.41662 

TI02 1.56255 Pa05 v576085 RNO .13831 

XX ROLE NUMBERS 8% 
S I  .826207 AL .147417 FE+3 1.00591E-2 
FE+2 8.93857E-2 _ _  
nc .a57088 CA ,174367 NA 5.05836E-2 K 1.86208E-2 
T I  1.95563E-2 P 4.05823E-3 PIN 1.94968E-3 

XX NIGGLI NUflBERS 8% 
AL 19.4187 FPl 48.5178 
c 22.9592 ALK 9.11227 S I  108.788 
K .26907 PIG .697707 
T I  2.57581 P .534354 

r * tt  RTORIC WEIGHT PERCENTS X t  
W S I  23.281 AL 7.95574 FE+3 1.12347 FE+2 4.98764 

PIG 6.25108 CA 6.9887 NFI 2.32598 K 1.45606 
T I  .936746 P .a51377 flN 8.73984E-2 0 44.4348 

8% OXIDE-SILICA RATIOS t t  
AL203/SIO2 .302803 
FE203/SIOi! 3.23607E-2 
FFO 4 Io2  .129267 
FEOwSI02 .158385 
flGo~sIo2 .208773 

NFI20~S102 .06316 
K20/SIO2 3.53371E-2 

CAO/SIO2 196994 

t X  OTHER OXIDE RATIOS XX 
NA2O/K20 1.78736 

FEOX 7.862 

A:F:FI* 21.1524 34.0133 44.8343 
NAZO:K2O:CAO 21.3746 11.9588 66.6667 

~GO:AL203:(CAO+NA20+K20) (PIOLE PROP. 1 

A:C:F - 14.4476 28.5388 57.0136 

1~3SI02*K20-~CO-CAO-FEO (LARSEN,1938)~-10.0734 

K20/NA20 559486 

FEO*L/PIGO 758646 
NA20 + K20 4.88925 

39.6693 22.7469 37.5838 

WOLLASTONITE~D1OPSIDE) 9.59949 
ENSTATITE(DIOPS1DE) 6.69181 
FERROSILITE~DIOPSIDEI 2.16 

X1: NORflAtIVE RATIOS - CIPW 21: 

Q:OR:AB 0 31.2953 68.7047 
Q:OR:AB+AN 0 18.8871 81.1129 

NORMATIVE PLAGIOCLASE CONTENT= AN 45.4069 
NORllATIVE COLOR INDEX= 41.7454 

0R:AB:AN 18.8871 41.4642 39.6486 

LC+NE+KS:OR:AB+AN 3.58971 18.2091 78.2011 

XX PETROCHEMICAL INDICES t X  
ALKALI INDEX 35.8763 
FELSIC INDEX 33.3333 
mAFIC INDEX 43.6358 
SOLIDIFICATION INDEX 44.8343 
DIFFERENTIATION INDEX 35.1637 
CRVSTALLIZATION INDEX 49.5898 
WEATHERING INDEX (PARKER,1970) 97 
ALTERATION INDEX (ISHIKFIUA ETAL,1976) 48 
PERALUMINOUS INDEX 
THETA INDEX (SUGIMURA,l968) 34.3501 
S INDEX (RITTMAN,l960) 3.60092 

-65 .2%58 

THE ROCK I S  PlETALUnINOUS (SHAND,l945) 
THE ROCK I S  ALKALIC (IRUINE b BRRAGAR.197 
THE ROCK I S  CALC-ALKALIC (PlIYASHIR0,1974) 
THE ROCK IS ALKALIC (KUN0,1966) 
THE ROCK I S  ALKALIC (PIACDONALD b KATSURA.1964) 
THE ROCK I S  THOLEIITIC (PIACDONALD b KATSURA.1964) 
THE ROCK I S  KOPIATI IT IC  (NALDRETT b ARNDT,l976) 

ACCORDING TO THE IUGS CLASSIFICATION THE ROCK I S  A 
FOID-BEARING nONZODIORITE 
OR FOID-BEARING BASALT 

2517 
4092 

) 



PlGO 1.58 
TI02 ,8153 
PWDIFIED FE2O 
HODIFIED FEO* 
SUfl OF OXIDES 
XX NORPlALIZED 
SI02 59.1296 
PIGO 1.58885 
1102 .ai9452 

.kL203 19.26 
CAO 6.8 
P205 .a565 

3. 2.3153 

99.4934 
OXIDE VALUES $2 
AL203 19.3581 
CAO 6.83463 
P205 .257886 

3.83738 

FE203 
NA2O 
PlNO 

FE203 
NA2O 
PlNO 

6.58 
4.14 
,1189 

2.32789 
4.16188 . 1 19585 

FEO 8 
K2O 1.54 

FEO 3.85692 
K20 1,54784 

t t  PlOLE NUPlBERS X t  
S I  .98418 AL .189859 FEt3 1.45725E-2 
FEt2 5.3680lE-2 
n6 3.93918EIZ -CA .121873 NA 6.71359E-2 K 1.64314E-2 
TI .e18256 P 1.81638E-3 PlN 1.68468E-3 

X X  NIGGLI NUPlBERS tt  
AL 36.5667 FPl 23.8658 
C 23.4725 ALK 16,8949 S I  189.552 
K .196625 PlG ,317926 
T I  1.97528 P ,349818 

t t  ATomIc WEIGHT PERCENTS x x  
S I  27.6372 AL 18.2462 FEt3 1.62757 FE+2 2.99798 
NG .957989 CA 4.88471 NA 3.88711 K 1.28486 
T I  .491261 P -112587 PlN 7.55155E-2 0 46.5972 

XX OXIDE-SILICA RATIOS t X  
AL203/SiOa--- .32?384 
FE203/SIO2 3.93558E-2 
FEO1SI02 6.52282E-2 
fEOWSIO2 188641 
I1GO/SI  02 .826857 
CAO/SIO2 .115587 
NA2O/S102 7 i03723E-2 
K201SIO2 2.61771E-2 

t t  OTHER OXIDE 
NA2OlK20 
K2O/NA20 
FEOX 
FEOt/PlGO 
NA2O + K2O 
A:F:fl- 
NA20:K20:CAO 

RATIOS %% 
2.68831 
.371981 
5.95883 
3.74727 
5.78892 
43.0934 44.9194 11.9872 
33.1731 12.3397 54.4872 

PlGO:AL203:(CAO+NA20+K20) (PIOLE PROP. ) 

A:C:F = 35.812 36.1187 28.8774 

1~3SIO2+K20-PlCO-CAO-FEO (LARSEN,1938). 6.85451 

9.86286 43.6764 47.2687 

X X X X  NORPlATIUE HINERALS t X X X  

QUARTZ 11.4589 
ORTHOCLCISE 9.1464 

ANORTHITE 29.5785 

HYPERSTHENE 6.89536 
HAGNETITE 3.37413 

APATITE .596964 

ALBITE 35.2074 

DIOPSIDE 2.1955 

ILNENITE 1.55634 

SUN 188.082 

X t  NORflATIVE RATIOS - CIPU X t  
0R:AB:AN 12,3727 47.6263 48.881 
0 :  0R:AB 28.531 16.3877 63.8813 
0:OR:ABtAN 13.4286 10.7122 75.8672 
LCtNEtKS:OR:ABtAN 8 12.3727 87.6273 
NORfi6T IUE - PLAC IOCLASE - CONTENT; AN-45;649 
NORPlATIUE COLOR INDEX= 14.8213 

tt  PETROCHEPlICAL INDICES tt  
ALKALI INDEX 27.1127 
FELSIC INDEX 45.5128 
MAFIC- INDEX 79.5672 
SOLIDIFICATION INDEX 11.9872 
DIFFERENTIflTION INDEX 55.8127 
CRYSTALLIZATION INDEX 33.1273 
WEATHERING INDEX (PARKER,l970) 73.2785 
ALTERATION INDEX ( ISHIKAWA ETAL.1976) 22.1986 
PER6LUPlINOUS INDEX -8.20639 
THETA INDEX (SUGIflURA,l968) 45.2687 
S INDEX (RITTPlAN,l960) 2. 82862 

THE ROCK I S  
THE ROCK I S  
THE ROCK I S  
THE ROCK I S  
THE ROCK I S  
THE ROCK I S  

PlETAWPlINOUS (SHAND,1945) 
SUBALKfiLIC (IRUINE b BARAGAR,1971) 
CALC-ALKALIC (IRUINE b BARAGAR.1971) 
THOLEIITIC (II IYASHIRO. 1974) 
HIGH ALUMINA (KUN0,1966) 
KOPlAT I IT IC  (NALDRETT b ARNDT,1976) 

ACCORDING TO THE IUGS CLASSIFICATION THE ROCK I S  fi 
QUARTZ PlONZODIORITE 
OR QUARTZ ANDESITE 



tstXXtXssls~XXX%Xsssls%zzztsssss~%%X%sssss~zz%zsssss 

t% INPUT DATA %% 
SI02 55.94 FEO 8 
RGO 2.82 CAO 7.71 K20 1.63 
TI02 1.09 Pa05 .3471 tlNO .1319 
WODIFIED FE203= 2.S9 
WODIFIED FEO= 5.27283 
22 NORMLIZED OXIDE VALUES 2% 

WGO 2.8404 CAO 7.76577 NA20 3.81742 K2O 1.64179 

sfinPLE NURBER CLEAVER PEAK 3348 

sun OF OXIDES 99.2aia 
SIOZ 56.3447 fit203 18.0899 ~ ~ 2 0 3  2.60874 FEO s.31897 
T I O ~  1.09788 P ~ O S  .3496ii rmo .132854 

22 PIOLE "lBERS 8% 

FE+2 7.39175E-2 
WC 7.84639E-2 CA -138477 NA 6.1591lE-2 K 1.74888E-2 

82 NICGLI NUflBERS 22 
AL 38.9174 FR 31.1818 

SI e937827 AL .177422 FE+3 1.63362E-2 

TI 1.3740~-3 P 2.46389~-3 RN i.a7277~-3 

C 24.1309 ALK 13.77 SI 163.425 
K e220562 wc .393787 
TI 2.39445 P e429216 
XX ATOPIIC UEIGHT PERCENTS XI: 
SI 26.3355---- AL 9.57499 FEt3 1.82455 FEt2 4.12822 
RG 1.71333 CA 5.5582 NCI 2.83214 K 1.36285 
TI .658182 P ,15257 PIN 8.39505E-2 0 45.7835 
X% OXIDE-SILICR RATIOS 8% 
AL203/SI03 .321058 
FE203/SIO2 4.62996E-2 ~ 

FEO/SIOE 9.42586E-t 
FEOWSI02 135919 

CAO/SIO2 137826 
RGO/SIO2 5.84112E-2 . 

NA20/S102 6.77512E-2 
K3O/SIOE 2.91 384E-2 
t% OTHER OXIDE 
WO/K2O 
K2O/NA3O 
FEOt 
FEOWRCO 
NA20 + K2O 
A:F8W= 
NA2O:K2O:CAO 

WGO:AL203:(CAO+NA2OtK20) (ROLE PROP. 1 
15.1411 38.1239 46.735 

% X X t  NORIIClTIUE NINERALS X t X t  

WAR 
ORTH 
ALBI 
ANOR 
DIOP 
HYPE 
RACN 
ILWE 
APAT 
SUR 

!l 
IC 
1 
!1 
K 
:I: 
E 
:P 
'I 
1 

'2 7.14877 
ICLASE 9.19155 
rE 32.2996 
MITE 27.3754 
SIDE 7,29759 
ETHENE 9.50956 
:TITE 3.78249 
IIE 2.88516 
[TE -809543 
L80.082 

ldOLLASTONIlE(DIOPS1DE) 3.70234 
ENSTATITE(DIOPS1DE) 1.94869 
FERROSILITE(DIOPS1DE) 1.65457 
ENSTATITE(HYPERS1HENF.) 5.13318 
FERROSILITE(WERSTHENE) 4.37638 

X t  NORRATIVE RATIOS - CIPU 8% 
OR:AB:AN 13.9839 46.5569 m.4591 
O:OR :AB 14.5389 19.7419 65.7272 
Q8ORtABtAN 9.33223 12.6789 77.9889 
LC+M+KSZOR:CIB+AN 0 13.9839 86.8161 

NORhATIUE COLOR INDEX- 22.6748 
NORRCITIUE PLACIOCLCISE CONTENT= AN 45.8741 

%% PETROCHEnICAL INDICES 22 
ALKALI INDEX 38.8738 
FELSIC INDEX 4 1.2795 
RAFIC INDEX 73.6025 
SOLIDIFICATION INDEX 17 7993 
DIFFERENTIATION INDEX 49.1419 
CRYSTALLIZATION INDEX 35.159 
WEfiMERINC INDEX (PARKER.1978) 76.725 
CILTERATION INDEX (ISHIKAWR ETAL,1976) 27.8997 

THETA INDEX (SUGIRURA.1968) 42.1689 
PERALURINOUS INDEX -22 5873 

S INDEX CRITTRt?N,1960) 2.833323 

THE ROCK IS RETAWWINOUS (SHAND,1945) 
THE ROCK IS SUBALKALIC (IRUINE L BARRGM?,1971) 
THE ROCK IS CALC-ALKALIC (IRUINE h BARRGAR.1971) 
THE ROCK IS THOLEIITIC (WIYASHIRO,l974) 
THE ROCK IS HIGH ALUWINA (KUNO.1966) 
THE ROCK IS KORATIITIC (NALDRETT h ARNDT.1976) 

ACCORDING TO THE IUCS CLASSIFICflTION THE ROCK IS A 
QUARTZ WONZODIORITE 
OR QUARTZ ANDESITE 

A:C:F = 28.7227 34.6652 36.6121 

1/3SIO2+K20-RGO-CAO~FEO (LARSEN,1938)= 3.86123 



. . . . . . . . . . .  . . . . . . .  . .  . .  -__I_.. ...... .... . . . . . . . . . . . .  .......... ................ . -  . _ .  

t t  INPUT DATA tl: 
SI02 53.61 AL203 18.94 FE203 7.76 FEO 0 
PIC0 2.46 CAO 7.42 Ne20 4.25 K2O 2.82 
T I 0 2  i;69 Pa05 .7962 MNO -1339 
RODIFIED FE203- 3.19 
RODIFIED FEO= 4.11209 
SUM OF OXIDES 99.4222 ,- 

%X'.NORRFIL~ZED OXIDE-VALUES xx 
SI02 53.9216 AL203 19.0581 FE203 3.20854 FEO 4.13598 
RGO 2.4743 COO 7.46312 NA2O 4.2747 K2O 2.83639 
TI02 1.69982 P205 .800827 RNO ,134678 

XX ROLE NUflBERS XX 
SI .897496 A t  .186839 FE+3 2.00923E-2 
Fet2 5.75642E-2 
RC 6.13817E-2 CA -13308 NA .068969 K 3.01103E-2 
TI 2.12744€-2 P 5.64201E-3 MN 1.89848E-3 
t t  NICCLI NUMBERS X t  
AL 32.2115 FW 27.7636 c 22.9433 ALK 17.8815 SI 154.731 

TI 3.66776 P .972698 
K .303901 flC 4381159 

as ATONIC UEICHT PERCENTS t x  
SI 25I2029--- - A t  io;es32 
WG 1.4925 CA 5.33389 NA 3.1714 
TI 1.01904 P .349481 flN 8.51031E-2 

FE+3 2.24405 

t t  OXIDE-SILICA RATIOS t t  

FEE!03/SIO2 5.95038E-2 
FEO/SIO2 7.67037E-2 
AL203/SIO2 353292 

KBO/S102 5.26021E-2 

X t  OTHER OXIDE 
NA20/K20 
K2O/NA20 
FEOX 
FEOt/flGO 
NA2O + K20 
A:F:fl= 
NA20:K2O:CAO 

RATIOS t X  
1 .so709 
.663529 
7.02303 
2.83839 
7.11109 
42.8162 
29.3306 

42.886 14.8979 
19.4617 51.2077 

MCO:AL203:(CAO+NA20+K20) (MOLE PROP.) 
12.7778 38.894 48.3283 

FEt2 
K 
0 

3.2149 
2. 35449 
45.449 

X t t X  NORflATIUE PIINERALS X X t t  

WOLLASTONITE(DIOPS1DE) 3,08203 
ENSTATITE(DIOPS1DE) 2.05714 
FERROSILITE(DIOPS1DE) .797004 
ENSTATITE(HVPERSTHENE) 4.10497 
FERROSILITE(HYPERSTHENE) 1,5904 
8% NORMATIUE RATIOS - CIPW X t  
0R:AB:AN 21,6702 46.7635 31.5663 
Q:OR :AB 2.38137 30.9119 66,7067 
Q:OR:AB+AN 1.642 21.3144 77.0436 
LC+NE+KS:OR:AR+AN 0 21.6702 78.3298 
NORfl6TIUE~PLA6IOCLASE~CONTENT=-AN 40.2993 
NORflATIUE COLOR INDEX= 19.5121 

tt  PETROCHEPIICAL INDICES 8% 
ALKFILI INDEX 39.8868 
FELSIC INDEX 48.7923 
flAFIC INDEX 74.8005 
SOLIDIFICATION INDEX 14.8979 
DIFFERENTIhTION INDEX 54. 2205 
CRYSTALLIZhTION INDEX 31.7288 
WEATHERING INDEX (PARKER,1970) 89.3043 

PERALUflINOUS INDEX -24.2565 
THETA INDEX (SUCIWURA,l968) 36.3772 
S INDEX (RITTARN,1960) 4.63007 

ALTERATION INDEX (ISHIKAWA ETAL,1976) 31.1584 

THE ROCK IS RETALUMINOUS (SHANDs1945) 
THE ROCK IS ALKALIC (IRUINE b BARAGAR,l971) 
THE ROCK IS THOLEIITIC (flIYASHIRO,l974) 
THE ROCK IS ALKfiLIC (KUN0,1966) 
THE ROCK IS ALKALIC (WACDONALD b KATSURAs1964) 
THE ROCK IS THOLEIITIC (MACDONALD b KATSURA,l964 
THE ROCK IS KOMATIITIC (NALDRETT b ARNDT,1976) 

ACCORDING TO THE IUCS CLASSIFICATION THE ROCK IS 
MONZODIORITE 
OR ANDESITE 

1 

A 

A:C:F 29.8117 36.7852 33.4031 
1/3SI02+K20-flCO-CAO-FEO (LARSEN,l938)= 3.82381 



t t ~ s s s s s ~ t ~ t t s s s s s t t t t t s s s s s t X t t t s s s s s t X t ~ t s s ~ s  
SAPIPLE NURBER UPSAL HOGBACK 3352 

tttt NORWATIUE AINERALS t X X t  

sIoe-.76r 3z.. . 
AGO3 14.72 

PlCO .5866 CAO 1.36 
TI02 e427 Pa05 a078 
PlODIFIED FE203. 1.927 
PlODIFIED FEO. e938491 
SUfl OF OXIDES 99.7691 
tt NORMLIZED OXIDE WILUES tt 

TI02 .427988 P20S 7.81805E 

s102 70.4828 fit203 14.7541 ~ ~ 2 0 3  
ffi0 e587958 CAO 1.36315 Ne20 

FE203 
NA2O 
PINO 

2.97 
4.61 
,048 

FEO 
K20 

0 
4.76 

1 e93146 
4 62067 

FEO 
K20 
flNO 

940663 
4.77102 sufl 100.001 

-2 4.20972E-2 - 
UOLLASTONITE(DIOPSIDE) .34467a 
ENSTATITE(D1OPSIDE) .e97884 
ENSTATITE(HVPERSTHENE) 1.16639 

XX FlOLE NUflBERS 88 

WC 1.45859E-2 CA 2.43072E-2 NA .074551 K 5. 

SI 1.17315 AL ,144704 FE+3 1.20951E-2 
FE+B e013092 
TI 5.35655E-3 P 5.50800E-4 PlN 5.93426E-4 

,06477E-2 XX NORPlATIUE RMIOS - CIPU XX _ _  
0R:AB:AN 38.7713 53;766. 7.46269 

O:OR:AB+AN 23.1892 29.7805 47.0303 
QZOR:AB 24.5993 31.5914 43.8093 

_ _  
0R:AB:AN 38.7713 53;766 7.46269 

LC+NE+KS:OR:AB+AN 0 38.7713 61.2287 
NORWATIUE PLffiIOCLASE CONTENT= AN 12.1882 

QZOR:AB 24.5993 31.5914 43.8093 
O:OR:AB+AN 23.1892 29.7805 47.0303 

NORflATIUE COLOR INDEX* 5.15171 

XX NICCLI NUllBERS tt 
AL 41.7406 FFl 15.1337 

K .404539 PlC .a78013 
TI 1.54512 P .I58851 

c 7.01152 ALK 36.1141 SI 338.4 
LC+NE+KS:OR:AB. 
NORWATIUE PLffiIOCI 
NO 

tt RlOflIC UEICHT PERCENTS tt 
SI 32.9436 AL 7.80933 FE+3 
flG .354656 CA .974242 NA 
TI .256579 P .034118 flN 2 

tt PETROCHEflICAL INDICES X t  
CILKALI INDEX 50.8004 
FELSIC INDEX 87.3253 
RAFIC INDEX 83.0074 

DIFFERENTIATION INDEX 89.2413 
CRYSTALLIZATION INDEX 6.8865 

ALTERATION INDEX (ISHIKAWA ETAL,1976) 47, 
PERALUflINOUS INDEX -3.3181 
THETA INDEX (SUCIPlURA,l968) 40.565 
S INDEX (RITTflAN,1960) 3.20942 

SOLIDIFICATION INDEX 4 -64486 

WEATHERING INDEX (PARKER.1970) . 884 

1.35086 
3.42807 
660 l2E-2 

FEt2 
K 
0 

.nii?a 
3.96042 
48 1303 

X t  OXIDE-SILICA RATIOS 8% 
AL203/SIO2 .209329 
FE203/SIO2 2.74033E-2 

b 1874 
b 2456 

FEO/SIO2 01 3346 
FEOWSIO2 3.80035E-2 
flCO/SIO2 8.34187E-3 - . - - - - - cho/sioS 1.93402E-2 

K204 Io2 6.76906E-2 
NA2O/SIO2 6.55575E-2 THE ROCK IS flETALUflINOUS (SHAND,l9451 

THE ROCK IS SUBALKALIC (IRUINE b BARACAR,l971) 
THE ROCK IS CALC-ALKALIC (IRUINE b BARACAR,l971) 
THE ROCK IS THOLEIITIC (flIVASHIRO,l974) 
THE ROCK IS ALKCILIC (KUNO,l966) 
THE ROCK IS KOflATIITIC (NALDRETT b ARNDT,l976) 

X t  OTHER OXIDE 
NA20/K2O 
K2O/NA20 
FEOt 
FEOWRCO 
NA2O t K2O 
A:F:fl- 
NA2O:K2O:CAO 

RATIOS tt 
1.03254 
.96a487 

2 67859 
4 55576 
9.39169 
74 1943 
42 9637 

ACCORDING TO THE IUCS CLASSIFICATION THE ROCK IS A 
GRANITE (3B) OR RHYOLITE 21 1609 

44 -3616 
4 64486 
12.6747 

PlCO:AL203:(CAO+NA2O+K20) (PlOLE PROP. 1 
4.72347 46.8608 48.4157 

A:C:F 37.5399 28.8755 33.5847 

1/3SI02+K2O-PlCO-C~O-F~O (LARSEN, 1938 1. 23.7597 



, ~~ _._._ .. .. ... ~ .. . . . . . _. . . ."___ "_._ _ _ _  . .  -~~ ~ ,~ . ~ . .. " "  . . .  " .  . . .  . . 

ssssst t~ tXsssss~t t tXssssst t t t tssssst t t t tsssss~t t t tsssss  
SAPlPLE NURSER UPSAL HOGBACK 3354 

X t  
At203 14.65 
CAO 9.48 
Pa05 ,4241 

3= 1.9688 
7.8645 

99.8537 -- 
OXIDE VALUES 11 
CAO 9.57057 
ClL203 14.79 

Pa05 e428152 

t X  ROLE "lBERS tt 
SI -791444 At .145056 
Ff+2- 110503 
ffi .a88014 CA .170659 
TI 2.09745E-2 P 3.01643E-3 

XX NIGCLI NURBERS tt 
C 21.2337 ALK 7.74027 
TI 2.60967 P .375308 

AL 18.0481 Ffl 52.9779 

K e211896 flG e676417 

FE203 10.7 FEO 0 
NAB0 3.01 'K2O 1.23 
PmO .1663 

~ € 2 0 3  1.98761 FEO 7.9~~63 
NA20 3,03876 K2O 1.24175 
PINO .167889 

FE+3 1,24467E-2 

NA .049828 K 1.3182lE-2 
flN 2.36663E-3 

SI 98.4726 

t t t X  NORflATIW PlIMRAtS XXXX 

UOLLCISTONITE(DIOPS1DE~ 9.03354 

FERROSILITE(DIOPS1DE) 2.21828 
ENSTATITE(DIOPS1DE) 6.11917 

FORSTERITE(OL1UINE) 15.9737 
FAYALITE(OLIU1NE) 6.38181 
tt NORflATIUE RClTIOS - CIPW X t  

0 8 OR: AB 0 27.4101 72.5899 
0R:ClB:AN 14.729 39.0867 46.2643 

OrORrAB+AN 8 14.729 85.271 
LC+NE+KS:ORZAB+AN 6.3916 13.7876 
NORRATIUE PLAGIOCLASE  CONTENT^ AN 47. 
NORPIATIUE COLOR INDEX= 45.7913 

t* ATOflIC UEIGHT PERCENTS t X  
SI 22.2249 AL 7.82832 FE+3 1.39013 FE+2 6.17148 ALKAiI INDEX-. - a9;0094 
TI 1.80468 P .la6845 PIN .106089 0 43.9592 UAFIC INDEX 46.0937 
RG 7.00307 CA 6.84088 NA 2.25445 K 1.03078 FELSIC INDEX 3e.9038 F cn 

b 
SOLIDIFICATION INDEX 45.3184 
DIFFERENTIATION INDEX 30.1715 X t  OXIDE-S 

AL203/SIO2 
FE203/SIO2 
FEO/SIO2 
FEOWSIOZ 
flGO/SI 02 
CAO/SIO2 
NA2O/S IO2 
K201S102 

ILI :CA RATIOS t i  
.311e4 

.244161 

.201274 
6.39066E-2 
2.61146E-2 

t t  OTHER OXIDE RATIOS tl! 
NFl201K20 2.44715 
K20/NA2O 408638 
FEO1: 9 72808 
FEOWPIGO .837915 
NCl2O + K2O 4.28051 
A:F:R- 16.7087 37.973 45.3104 
NA2OlK2O:CAO 21.9388 8.96501 69.0962 
PIGO:AL203:(CAO+NA2O+K20) (IIOLE PROP. 1 
43.2493 21,7822 34.9685 

ArCrF 14.2903 25,5924 60.1173 

1~3SIO2+K2O-flGO-CAO-FEO (LARSEN,1938)=-14,3143 

i t  PETROCHEPlICllL INDICES tt 

CRYSTALLIZATION INDEX 52.2206 
WEATHERING INDEX (PARKER,l970) 94.9183 
CILTERATION INDEX (ISHIKAWA ETAL,19761 50.4758 
PERALUPIINOUS INDEX -60.537 
THETA INDEX (SUGIPIURA,l968)- 33.9472 
S INDEX (RITTfiAN.1960) 4.02701 

THE ROCK IS RETALUPIINOUS (SHAND,l945) 
THE ROCK IS ALKALIC (IRUINE b BCIRAGAR,l971) 
THF ROCK IS THOLEIITIC (PlIYASHIRO.1974) 
THE R E K  iS AtKRZiC iKu~oIi966J 
THE ROCK IS ALKALIC (flMDONALD b KATSURA,l964) 
THE ROCK IS fHOLEIITIC (PIACDONALD b KATSURA,1964) 
THE ROCK IS KOflATIITIC (NALDRETT b ARNDT,1976) 

ACCORDING TO THE IUGS CLASSIFICATION THE ROCK IS A 
FOID-BEARING PIONZODIORITE 
OR FOID-BEARING BASALT 



ts~~X*Xsssss***XXsssss~*~**sssss***~*sssss*~*I Isssss X t t t  NORPIATIUE PIINERALS XXXX 
SARPLE NUPIBER SODA LAKE 3356 

ORTHOCLASE 11.617 
*X INPUT DATA ** ALBITE 27.009 
SI02 51.55 At203 15.62 FEZ03 10.59 FEO 0 ANORTHITE 23.0555 

TI02 1.81 P2OS .5159 MNO -172 HYPERSTHENE 17.1706 
PIODIFIED FEZ03 1.94856 

sun OF OXIDES 98.6801 ILPIENITE 3.48362 
XX NORPIALIZED OXIDE VALUES XX 

TI02 1.83421 P205 -5228 MNO ,174301 WOLLASTONITE(DIOPS1DE) 5.99278 

FE+3 l.23654E-2 ENSTATITE(HYPERSTHENE) 10.3288 

tIG0 6.07 CAO 8.12 NA2O 3.15 K2O 1.94 DIOPSIDE 11.7173 
OLIUINE 1.87542 

APATITE 1.21057 
PIODIFIED FEO= 7.78365 PIAGNETITE 2.86307 

SI02 523.2395 AL203 15.8289 FE203 1.97462 FEO 7.88776 SUR 100.002 
PIGO 6.15119 CAO 8.22861 NA2O 3.19213 K2O 1.96595 

ENSTATITE(DI0PSIDE) 3.4435 
FERROSILITE(D1OPSIDE) 2.281 

FERROSILITE(HYPERSTHENE) 6.84186 
K 2.08699E-2 FORSTERITE(OLIU1NE) 1.08404 

FAYALITE(OLIU1NE) -791381 
NA 5.15026E-2 
PIN 2.45701E-3 

XX PIOLE NUflBERS X t  
SI .a69499 AL ,155246 
FE*2 .lo9781 
RG .152597 CA .14673 

XX NIGCLI NUPIBERS XX 
At 23.3829 FPI 43.6163 c 22.1001 ALK 10.9006 
K -288368 RG .52695C 
TI 3.45763 P $554764 

TI 2.29563E-2 P 3.68325E-3 

XX ATOIIIC WE 
SI 24.4167 

T I  1.09961 
RC 3.7104 

tt OXIDE-SI1 
AL,?03& I02 
FE,?03/SIO,? 
F€O/S Io,? 
FEOX/SI02 
RGO/S IO2 
CAO/SI92 
NF)2O/S Io2 
KZO/SIO2 

ICHT PERCENTS X t  
AL 8.37825 
CA 5.88099 
P .22815 

.IC& RATIOS XX 
.303007 
3.77994E-2 
.150992 
.185004 
.11775 
.157517 
6.11057E-2 
3.76334E-2 

81: OTHER OXIDE RATIOS 81: 
NAi?O/KEO 1.62371 
K2O/NA20 .615873 
FEOX 9.66453 

SI 130.962 

FE+3 1.38105 

MN .110141 
NA 2.36~4 

FE+2 6.13116 
K 1.63193 
0 44.6633 

-- 
FEOt/PIGO 1 e57116 
NA2O + K20 , 5.15808 
A:F:n- 24.593 46.079 29.328 
NA2O:K2O:CAO 23.8456 14.6858 61.4686 

PICO:AL203:(CAO+NA20+K20) (ROLE PROP.) 
28.9588 29.4615 41.5797 

A:C:F 18.7921 28.952 52.2559 

1/3SIO2+K2O-RGO-CAO-FEO (LARSEN,l938)*-4.96639 

XX NORPIATIUE RATIOS - CIPW X I  

Q:OR:AB 0 30.8757 69.9243 
0R:AB:AN 18.8339 43.7878 37.3783 

Q:OR:AB+AN 6 18;8339--8i.i661 
LC+NE+KS:OR:AB+AN 0 18.8339 81.1661 
NORMATIUE PLAGIOCLASE CONTENT= AN 46.0516 
NORRATIUE COLOR INDEX. 37.11 
X t  PETROCHEPIICAL INDICES tt 
ALKALI INDEX 38.1139 
FELSIC INDEX 38.5314 
MAFIC INDEX 61.5877 
SOLIDIFICATION INDEX 29.328 

CRYSTALLIZATION INDEX 
WEATHERING INDEX (PARKER.19701 84.0201 
ALTERATION INDEX (ISHIKAWA ETAL,l976) 41.5456 

THETA INDEX (SUGIRURA,l968) 36.9239 
S INDEX (RITtRAN,l960) 2.87957 

DIFFERENTIATION INDEX 38 626 
38 806 

PERALUMINOUS INDEX -41 132 

THE ROCK IS RETALUPIINOUS (SHAND,l945) 
THE ROCK IS SUBALKALIC (IRUINE h BARACAR.1971) 
THE ROCK IS CALC-ALKALIC (IRUINE b BARACM, 1971 ) 
THE ROCK IS THOLEIITIC (PIIYASHIRO.1974) 
THE ROCK IS ALKALIC (KUNO,l966) 
THE ROCK IS ALKALIC (IIACDONALD h KATSURA,1964) 
THE ROCK IS THOLEIITIC (MCDONALD b KATSURA,l964) 
THE ROCK IS KOPIATIITIC (NALDRETT S ARNDT,l976) 

ACCORDING TO THE IUCS CLASSIFICATION THE ROCK IS A 
FOID-BEARING PIONZODIORITE 
OR FOID-BEARING ANDESITE 



1/3SIOi?+K20-RCO-CAO-FEO (LCIRSEN,l938)- 22.4696 



c 
VI 
-J 

SI02 50.54 AL203 15.66 FE203 18.75 FEO 0 
RCO 4.9 CCIO 10.3 NA2O 3.46 K2O 1.61 
TI02 i! P2Of -5144 MNO -174fi  - - . . -  -- - 
RODIFIED F E Z O ~ =  i .978-- 
RODIFIED FEO- 7.90125 

t t  NORPIALIZED OXIDE UALUES X t  

TI02 2.81942 Pa05 .519395 llNO .176296 

SUR OF OXIDES 99,8382 

SI32 51.8308 AL203 15.8121 FEZ03 1.99721 FEO 7.97798 
ffi0 4.94758 CCK) 18.4 HA20 3.4936 KhO 1.62563 

t X  P?OLE NUPIBERS 8% 
SI .849381 AL e155081 FE+3 1.25068E-2 
FE+2 .111037 
PI6 :12i?738-- CA .18545 NA 5.63666E-2 K 1.72573E-2 
T I  2.52744E-2 P 3.65926€-3 PM 2.48514E-3 

tt NICGLI NUPBERS 8% 
AL 28.9598 FPl 38,6842 
C 27.4559 CIW 18.9 
K -234398 PIC ,469739 
TI 3.74188 P -541755 

t i  tnonIc EIGHT PERCENTS tt 
SI 23.8518 CIL 8.36933 
RG 2.98438 CA 7.4329 
TI 1.21864 P .E26664 

AL20J/S I02 .3%9854 

FEO/SIOE .15633? 

.2837QQ 

tt OXIDE-SILIC~ RNIOS tt  

FE203fS102 3 e9193E-2 

FEOt/SIOt .191SW 
mo 8 SI 02 9.69529E-i? 

6 a 846@6E-2 
.e31856 

SI 125.751 

FE+3 1.39685 
HA 2.5919 
RN .111481 

FE+t 6.28128 
K 1.34944 
0 44.2734 

tt  OTHER OXIDE RATIOS tt 
WWK20 2.149@? 
K20~m20 .465318 
FEOt 9.77587 
FEOWTGO I. 97573 
NA2O 4 K20 5.11923 
CI:F:Pb 25.8881 49.2648 24.935 
NA20:K20:CAO 22.5114 18.475 67.8137 

flCO:AL~03:(CAO+NCl3O~K20) (ROLE PROP.) 
22.8689 28.8849 48.2542 

A:C:F 18.2216 35.9626 45.8158 

1'3SI02*KtO-fiGO-CAO-~EO (LCIRSEN,1938).-6.85071 

ttft NORRATIUE PIINERALS t%f% 

ORTHOCLASE 9.60609 

ANORTHITE 22.6614 
DIOPSIDE 28.9858 
HYPERSTHENE 1.74775 

ALBITE 29.5598 

OLIVINE 7.58749 
RMMTITE 2.89S82 
ILmNSTE 3.83538 
CIPATITE 1.20269 sun 10e.iea 

:RSTHENE 1 .965893 
E (HYPERSTHENE 1 .71 

it NOWIATIVE: RFITIOS - CIPU t X  
ORtCIBtCHS 15.537 47.8103 36.6528 
OtORthB 8 24.5267 75.4733 
O:OR:AB+AN 8 15.537 84.463 
LC+NE+KS:OR:AB+AN 8 15.537 84.463 
NORIICITIVE PLAGIOCLASE CONTENT= AN 43.3951 
NORRATIUE COLOR INDEX. 36 9723 

1289 
1164 

TM ROCK IS rmtLunxmus ~ S H C ~ D , ~ ~ ~ S I  
THE ROCK IS ALKCILIC (IRUIRE b BARAC(IR,1971) 
THE ROCK IS THOLEIITIC (RIVCIHI~RO.1974) 
THE ROCK I S  CILKALIC (KUNO.1966) 
THE ROCK IS ALKALIC (IICICDONALD b KATSURFI.1964) 
THE ROCK I S  THOLEIITIC (FHICDONALD b KATSURA.1964) 
THE ROCK IS KOMTIITIC (NCILDRETT b ARNDT,l976) 

ACCORDING TO THE IUGS CLASSIFICATION THE ROCK I S  A 
FOID-BECIRINC PIONZODIORITE 
OR FOID-BEARING BASCILT 



w 
cn 
m 

S % S S S i i % i i ~ l ~ S ~ i i t X X S S S l 8 ~ X i i ~ S ~ S S S ~ t % t i 8 % ~ 8 S i i t % i S S S S S  titi NORNATIVE NINERALS tit% 
SAPlPLE NUNBER DESERT PEAK 3360 
%t INPUT DATA 8% ORTHOCLASE 10,6454 
RCO 2.93 "CAO 7.37 NA2O 4.07 K2O 1.79 ANORTHITE 24.6795 

PIODIFIED FE203- 3 HYPERSTHENE 9.84339 
PIODIFIED FEO- 5.57876 RACNETITE 4,37778 
SUR OF OXIDES 99.361 ILPIENITE 2.8672 
i t  NORPIALIZED OXIDE VALUES X i  APATITE 1.55534 
SI02 55.8317 AL203 17.7333 
K O  2.94884 CAO 7.4174 

OUARTZ 5.03379 
SI02 54.68 AL203 17.62 FE203 9.2 FEO 0 ALBITE 34,6582 
TI02 1.5 P205 e6674 PmO -1548 DIOPSIDE 6.34134 

TI02 1.50965 Pa05 -671692 

X i  PlOLE NUPIBERS X i  
SI .915973 AL .173924 
FEt2 7.81439E-2 
RG ?.3i542€:2 -CA .132265 
TI 1.88942E-2 P 4.73223E-3 
i t  NIGCLI NUPlBERS i t  
AL 29.8468 FPI 32.8323 
C 22.6976 ALK 14.6232 
K -22443 nc .382362 
TI 3.24239 P -812087 

t i  ATONIC UEICHT PERCENTS t i  

PIC 1.77874 CA 5.38122 
SI 25.7218 AL 9.38625 
TI .905034 P e293127 
t i  OXIDE-SILICA RATIOS %I: 

CAO/SIO2 .134784- 
NA20/SI02 7.44331E-8 
K2O/SIO2 3.27359E-2 

X i  OTHER OXIDE RATIOS i t  
NA2OIK20 2 .a7374 

, K2O/NA20 439803 
FEOX 8.3314 
FEOXIPIGO 8.82531 
NA2O t K2O 5 .  B9769 

FE203 3.01929 
NA20 4.09618 
PINO ,155196 

FE+3 1.89072E 

NA 6.60887E-2 
PIN 2.19616E-3 

SI 157.188 

FEO 
K20 

-2 

K l  

5.61464 
1.88151 

.91243E-2 

sun 100.002--- 
WOLLASTONITE(D1OPSIDE) 3.22867 
ENSTATITE(DIOPS1DE) 1.76437 

ENSTATITE(HVPERS1HENE) 5.57958 
FERROSILITE(HYPERSTHENE) 4.26382 
it NORPIATIVE RATIOS - CIPW it 
O:OR:AB+AN 6.71021 14,1986 79.8992 
LCtNE+KS:OR:AB+AN 8 15.2113 84.7887 
NORflATIUE PLAGIOCLASE CONTENT- CIN 41.5916 
NORPlATIUE COLOR INDEX- 23.4297 

FERROSILITE(DIOPS1DE) 1,3483 

0R:AB:AN 15.2113 49.5237 35.2649 
0 :  OR :AB 10*8001 21.148 68.8519 

it  PETROCHEflICAL INDICES t i  
FE+3 2.11169 FEt2 4.36426 CILKALI INDEX 30.5461 
Nfi 3.03895 K 1.49544 FELSIC INDEX 44.2933 
PIN 9.84472E-2 0 45.505 PIfiFIC INDEX 74.5411 

SOLIDIFICATION INDEX 17.1665 
DIFFERENTIATION INDEX 50.3374 
CRYSTALLIZATION INDEX 32.3956 
WEATHERING INDEX (PARKER,l970) 80.0615 
CILTERATION INDEX (ISHIKAWA ETCIL,i976) 29.2879 
PERALUNINOUS INDEX -25.8415 
THETA INDEX (SUCIPIURA,1968) 39.4086 
S INDEX (RITTPIAN,1968) 2.89893 

THE ROCK IS PIETALUflINOUS tSHAND,l945) 
THE ROCK IS SUBALKALIC (IRUINE b BfIRACf3R.1971) 
THE ROCK IS CALC-ALKALIC (IRUINE 6 BARACAR,1971) 
THE ROCK IS THOLEIITIC (RIYASHIR0,1974) 
THE ROCK IS ALKALIC (KUN0,1966) 
THE ROCK IS KONATIITIC (NALDRETT 6 ARNDT,1976) 

_ _  - 
~ 1 F i m -  34;3329 48,5006 17.1665 

PICOtAL203:(CAO+NA2O+K20) (PIOLE PROP.) 

AlCtF - 27.3576 33.6228 39.8196 

NA2OtK20lCAO 30.7634 13.5299 55.7067 

15.7471 37.4388 46.8141 

1~3SI02+K2O-flGO-CAO-FEO (tARSEN,l938)- 1.32487 

ACCORDING TO THE IUGS CLASSIFICATION THE ROCK IS A 
OUARTZ PIONZODIORITE 
OR OUARTZ ANDESITE 



sssssr~t~XsssssXXtXsssssrXr~*sssss%Xx~ssws%%X%%sssss 
SARPLE NVmBER DESERT PEAK 2h - 2 

tt  INPUT DATA t X  
SI02 69.84 et203 15.34 ~ ~ 2 0 3  3.88 FEO 0 
WCO .3836 CAO 1634 NA2O 5.23 K20 4.09 
TI02 e3759 P205 -8678 f"0 e1109 
PIODIFIED .FE203- 1 e8789 
RODIFIED FEO= 1.08345 
SUII OF OXIDES 99.1375 
XX MORIIALIZED OXIDE VALUES 2% 
s102 7e.023~ ~ ~ 2 0 3  i5.3ao4 F E ~ O ~  i.aae84 FEO i.ea63 
RCO e384609 CAO 1.34353 NA2O 5.24376 K20 4.10876 
n o 2  .376aa9 pa05 6.79?a4~-2 RNO . i l l192 

xx noLE NURBERS tt 
S I  1.16551 AL .150847 FE+3 .011778 
FE+2 .e15119 

T I  4.71701E-3 P 4.78984E-4 PlN 1.56741E-3 

XX NICCLI NUWBERS 3% 
AL 42.765s FPI 14.1149 
C 6.792 AW 36.3273 S I  330.4n 
K .339735 ffi .191641 

RG 9.54129E-3 CA 2.39573E-2 NIRCI 8.46041E-2 K 4.35325E-2 

T I  1.33?29 P .i35777 

t X  ATO~IC MIGHT PERCFNTS si: 

t X  OXIDE-SILICh RATIOS t X  

F€203/SI02 -82686 
At203/SIO2 -219645 

FEO/SIO~ t isgi33E-2 
FEOt/SIO2 3.96819E-2 
nGO/SI02 5.492SSE-3 
CAO/SI 02 1-91 867E-2 
NCI20/SIO2 
K2O/SIO2 

tt OTHER OXIDE 
NA2O/K2O 
K20/NA20 
FEOX 
FEOWPICO 
NA2O + K20 
A:F:fl= 
NA2OlK2O:CAO 

RATIOS tt 
1.27873 

2 . m 6 a  
782027 

7 22467 
9.34452 
74.7895 
49.0619 

22.2155 
38.3677 

3.87495 
12.5784 

X t X t  NORRATIUE flINERALS X X t t  

OURRTZ 20.5613 
CORUNDUII 3.54766E-2 
ORTHOCLASE 24.2319 
ALBITE 44.3681 
ANORTHITE 6.22125 

RRGNETfTE 2.72709 

APfiTITE .157408 
sun 100.001 

HYPERSTHENE .9a3895 

ILRENITE . 7 i 5 a ~  

ENSTATITE(HYF'ERSTHEM) ,95785 
FERROSILITE(HvPERsTHEN€) 2.52448E-2 

XX NORRATIM RATIOS - CIPLl rf: _ _  
0RtAB:AN 32.3864 59i-M 8.31481 
QgORtAB 23.8608 27.1776 49.7616 
Q~OR~AB+IRCIN 21.5566 8.485 53.0384 
LC+NE+KStORtIRCIB+AN 8 32.3864 67.6136 
NORFlATIUE PLAGIOCLASE C O " T =  AN 12.2975 
NORmATIUE COLOR INDEX= 4.42599 

XX PETROCHERICAL INDICES X% 
ALKALI INDEX 43.8841 
FELSIC INDEX 87.4296 
RAFIC INDEX aa.5251 
SOLIDIFICATION INDEX 

S INDEX (RITTWAN.1960j 3 83123 

THE ROCK I S  RETALUIIINOUS (SttMfD.1945) 
THE ROCK I S  SUEALKALIC (IRUINE b BARACAR.19711 
THE ROCK I S  CALC-ALKALIC (IRUINE b BRRIRCICAR.1971) 
THE ROCK IS THOLEIITIC t n 1 ~ ~ ~ ~ 1 ~ 0 . 1 9 7 4 )  
M ROCK I S  ALKALIC (KUN0.1966) 
THE ROCK I S  THOLEIITIC (NALDRETT b tXNDT.1976) 

ACCORDING TO THE IUGS CLASSIFICATION THE ROCK I S  A 
GRANODIORITE OR DACITE 

W C O : A t 2 0 3 : ~ C ~ O + N A ~ O + K a O ~  (nou PROP.) 
3.05339 48.2738 48.6728 

A:C:F * 48.7311 28.2938 30.9751 

1/3SIO2+K20-WCO-CAO-FEO (LARSEN,1938)* 22.9695 



sssn**tttsnssX*t**sssss*t*t*sssss&t*&*sssss**¶**sssss 

tt INPUT DATA t X  
SI02 70.24 At203 15.13 FE203 2.34 FEO 0 
T I O ~  .43a2 Pa05 e142 VNO .1175 

Sufi OF OXIDES 99.8331 
XX NORPHILIZED OXIDE VALUES tl: 

TI02 ,438932 P205 .342237 PIN0 ,117696 

smPLE NWTBE~ DESERT PEAK 3 - 3 

nG0 .4557 CAO 1.81 N A ~ O  5.32 KZO 3.88 
RODIFIED ~~203. 1.9382 
nODIFIED FEO- e36154 . 

SI02 70.3574 At203 15.1553 FEZ03 1.94144 FEO -362144 nco .456462 CAO i.si3e3 N A ~ O  5.32889 K ~ O  3.88649 

XX ROLE NUnBERS XX 

FEt2 5.04028E-3 
SI 1.17106 AL .i4a64 FE+3 1.21576E-2 

nc i.i323a~-2 CA 3,23293~-2 NA 8.59776~~2 K 4.12578~-2 
TI 5.49352E-3 P 1'00209E-3 PIN 1.65910E-3 

tt NIGCLI NUPlBERS 8% 
AL 42.4024 Ffi 12.8785 
C 9.22258 ALK 36.2965 SI 334.069 
K .324264 PIG ,267446 
TI 1.56714 P .2asa6a 

XX ATOMIC UEIGHT PERCENTS XX _ _ _  - 
SI 32;88S AL 8.02169 fEt3 1.3!5784 FEt2 .281494 nc .a75338 CA 1.29577 NA 3.9535 K 3.22617 
TI .a6314 P 6.20724E-2 PIN 7.43723E-2 0 48.3036 

X t  OXIDE-SILICA RATIOS tt  
AL203/SI02 ,215484 
FE203/SI02 .027594 
FEOISIO2 5.14720E-3 
FiOt/SIO2 2.9976%-2 
flCO/SIO2 6.48776~-3 
CAO~SIO2 2.57688E-2 
NA2O/S 102 7.57403E-2 
KZO/SIO2 5.52392E-2 

RATIOS XX 
1.37113 
.729323 
2 10905 
4.62043 
9.21538 
7a.aa~i 
48.3197 

17 9023 
35 .a407 

3. a7459 
16 4396 

PIGO t PLE ' ( CAOtNMOtK20 f (PlOLE PROP. 1 
3.54391 46.5185 49.9376 

a:c:F = 39.9953 3a.sa66 21.4781 

1~3SI02+K20-PICO-CAO-FEO (LARSEN,l938)= 23.0213 

X X t X  NORPMTIUE PIINERALS X t X X  

sun iee.eei - 
WOLLASTONI TE ( DIOPS fDE 1 .881439 

ENSTATITE(HVPERSTHENE) .37502 

tt NORflATIWE RATIOS - CIPW XX 

O:OR:AB*AN 21.9253 24.2275 53.8473 
LC*NE+KS:OR:AB+fiN 0 31.0311 68.9689 
NORnATIUE PLAGIOCLASE CONTENT= ftN 11.6659 

t i  PETROCHEPIICAL INDICES XX 
ALKALI INDEX 42.1739 
FELSIC INDEX 83.5604 

ENSTATITE(DIOPS1DE) ,761774 

OR:AB:AN 31.e3ii 60.923 8 . ~ 8 5  
O:OR':AB 23.3949 25.8514 58,7537 

NORfTATIWE COLOR INDEX= 4. a7996 

PIAFIC INDEX 83.4618 
SOLIDIFICATIOH INDEX 3. a7459 
DIFFERENTIATION INDEX aa. 8375 
CRYSTALLIZATION INDEX 7.86861 

THETFl INDEX (SUCIPIURA,l968) 41.7784 

87.9841 WEATHERIMG INDEX (PARKER,l970) 
ALTERATION INDEX (ISHIKAUA ETAL,l976) 37.8145 
PERALUPIINOUS INDEX -7.35008 

S INDEX (RITTPIAN,1960) 3.10421 

THE ROCK IS RETALUPIINOUS (SHAND,l945) 
THE ROCK IS SUBALKALIC (IRUINE b BARACAR,1971) 
THE ROCK IS CALC-ALKfiLIC (IRVINE b BARACAR,l971) 
TWF ROCY IS THOLEIITIC (PlIYASHIRO.1974) -~ 
THE Roc: is KiKiLIC cKUN0;1966) 
THE ROCK IS KOPIATIITIC (NALDRETT b ARNDT,l976) 

ACCORDING TO THE IUCS CLASSIFICATION THE ROCK IS A 
GRANODIORITE OR DACITE 



X t X t  NORRATIM HINERALS XXXX 

QWRTZ 14.5727 
ALBITE 36.6352 
DIOPSIDE 1.77288 
RMNETITE 3.48522 
APATITE .565967 

ORTHOCUSE 18.5807 
WORTHITE 17.0002 
HYPERSTHENE 5.68642 
ILRENITE 1.70326 

X1: INPUT DATA XX 
S I 0 2  62.91 At203 16.68 FEZ03 5.68 FEO 0 
mG0 1*72 CAO 4.17 NA20 4.31 K20 3.13 
T I 0 2  e8927 P a 5  a2433 Fmo e1353 
RODIFIED FE203= 2.3927 
RODIFIED FEO= 2.9S'isi 
XL NORRRLIZED OXIDE UALWS tt 
Swll OF OXIDES 99.5419 
SI02 63.19%- Am3 16;%68 FEZ03 2.40371 FEO 2.97152 
RGO 1.72792 CRO 4.18919 NA20 4,32983 K20 3.1444 
T I 0 2  -896808 Pa# 024442 PINO a135923 

SUR 100.002 
W L L A S T O N I l ' € ( D I ~ I ~ )  .9128ib 
ENSTATITE(DIOPS1DE) .5649 
FERROSIL I T E  ( DIOPSIDE 1 .294363' 
ENSTATITE ( HYPERSTHENE 1 3.73839 
FERROSILITE(HVPERSTHENE) 1.94803 

tt PIOLE NUflBERS t X  
S I  1.05192 AL -164346 
FE+2 4.13573E-2 
mC 4.28657E-2 CA 7.47003E-2 
T I  1.12241E-2 P 1.72199E-3 

FE+3 1.58524E-2 

NA 6.98586E-2 K 3.33801E-2 
I" 1.91602E-3 XX NORRATIVE RATIOS - C I W  t X  

ORSARtAN 25.7293 50.73 23.5407 
OtOR:AB+AN 16.791 21.4091 61.7999 
LC+NE+KS:OR:AB+AN 8 K.?293 74.2m7 

NORNATIUE COLOR INDEX. 12.647 

OSORSAB a.8812 . ~6.6243~ 52.4946 

NORRATIVE PLf%IOCfASE CONTENT. AN 31.6958' 

X t  NIGCLI NWlBERS XX 

I( .323329 I1G -368733 

SX f)TORIC UEICHT ERCENTS X t  

AL S.8415 Ffl 25.3587 
C 16.291 ALK 22.5148 
T I  2.44782 P . -375541 

S I  29.5395 AL 8.86935 
nG 1.84228 CA 2.99401 
T I  0537636 P e106665 

S I  229.409 

FE+3 1.68116 FE+2 2.30977 
NCI 3.2123 K 2.61017 
NN 8658895E-2 0 47.0113 

%a PETROCHEflICAL INDICES t X  
ALKALI INDEX 42.8699 
FELSIC INDEX 64.0827 
mAFIC INDEX 7s - 674 

a0325 
e3841 

SOLIDIFIC~TION INDY' 
DIFfERENTIATION INT 
CRYSTALLIZATION IN1 
LIEATHERING INDEX (PCIW 
ALTERATION INDEX ( ISH1 
PERALURINOUS INDEX 
THETA INDEX (SU 
S INDEX (RITTRRL..-,w, 

*t OXIDE-SILICA 
AL203/S I O 2  1 

FE203/SIOZ 
FEO/SIOB I 

FEOt/SIO2 
flC0/5102 
CIH)/SIOB 
NAZO/S IOi?. 
K2O/S I O 2  

RATIOS t X  
6265141 
3.80237E-2 
4.70182E-2 
8.12409E-2 
2.73406E-2 
6.6285iE-2 
6.85f06E4 
4 97S36E-2 

X 12 .esi?s 
DhX 69 7886 
E X  _ _  20.8387 

:ERD 1 
'KCHHI 

THE ROCK I S  PfETALUPlINOUS (SHRND,1945) 
THE ROCK I S  SUBALKALIC (IRUINE b BARffiM,1971) 
THE ROCK I S  CALC-ALKALIC (AIYASHIRO, 1974 1 
THE ROCK I S  ALKALIC (KUNO.1966) 
THE ROCK 15 KORATIITIC (MLDRETT b ARNDTD1976) 

THE ROCK I S  CALC-ALKRLIC ( IRUIK & BCIRAGARD 1971 ) t* ,OTHER OXIDE 
, NAN)/K20 
K20/m20 
FEOr 
FEOZ/PIGO 
NA2O + K 2 0  
AtF:fi= 
NA20:K20:CAO 

RATIOS XX 
1.37'7 
7262 18 
5 13438 
2.97143 
7.47424 
52 1342 
37.1232 ACCORDING TO 

OWRTZ RONZODIORlTE 
OR QUARTZ ANDESITE 

IUGS CLASSIFICATION THE ROCK I S  A 35.8133 
26.9595 

12.0SK 
35.9173 

MGOr~L203S(CIK)+M~+KBO) (ROLE PROP.) 
11.1296 42.6706 46.1998 

A:C:F 9 32.1352 31.5192 36.3457 
1/3SIO2*K2~~GO-CAO-FEO (tARSENr1938)* 13.206 
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r. 
c\ 
w 

ANALYSIS NO. N a 2 0  K2° Mil0 Hgo s io2 FeO CaO SUM * An Ab Or 

177 8.88 0.63 NO NO 60.87 0.09 6.37 23.20 loo* 16 83 1.3 

A1203 

178 6.63 0.57 ND 0.02 60.30 0.11 6.45 25.92 100* 35 65 1.2 

179 7.67 0.58 N D  0.03 60.53 0.09 6.35 24.78 loo* 0 31 68 1.2 
- a 

L. 

0 
180 8.22 0.61 NO NO 61.46 0.12 6.41 22.86 loo* 24 75 1.3 

181 8.07 0.62 ND ND 62.32 0.12 6.22 23.47 100.79 26 73 1.3 

183 4.66 1.22 NO 0.01 56.30 0.64 9.95 27.41 100.15 5 54 46 2.6 
L 

= o  
185 4.87 0.50 0.02 0.06 54,48 0.73 11.57 27.76 loo* p 55 45 1.0 

186 4.56 0.54 ND 0.09 51.69 0.58 11.46 31.11 loo* 57 43 1.1 

189 4.16 0.32 NO 0.10 53.52 0.49 12.58 28.87 loo* a 61 39 .7 

190 4.21 0.22 ND  0.11 52.73 0.58 13.16 28.98 loo* 61 39 .4 

187 4.85 0.38 0.04 0.07 56.44 0.71 10.72 27.39 100.61 55 45 .8 
E - 



... ....... .............. . . . . . . . . . . . .  ..... . ..... ................... . . . . .  ........ . ... 
1 
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Sample No. 3304 Crysta l  f e l d s p a r  3-c 

SUM * An Ab Or 
CaO AT203 MlO Mgo s io2 €e0 

ANALYSIS NO. NazO K2° 

216 8.26 0.75 0.02 0.01 59.76 0.11 5.89 25.48 100* 21 78 1.6 

c 
0 
.b 

230 3.38 0.25 NO 0.07 50.29 0.65 13.67 31.69 loo* a 69 31 .5 

23 1 5.49 0.40 0.01 0.16 55.49 0.89 10.67 26.90 loo* 49 51 .8 

- 

*Normalized t o  100 percent. 



Sample No. 3304 Crystal fe ldspar  av 

ANALYSIS NO. 

25 7 

??a20 K20 *O Mgo sio2 Fd) CaO A1203 SUM * An Ab Or 

7.17 0.31 0.05 0.05 58.42 0.36 9.30 24.32 1OW 34 66 .6 

26 9 

271 

272 

= c  = o  
5.96 1.23 ND 0.16 58.66 0.76 8.30 24.95 1OW 5 N 41 59 2.6 

3.62 0.25 0.03 0.08 52.44 0.67 12.66 30.25 1OW E 66 34 .5 

3.70 0.32 0.00 0.15 50.97 0.73 12.62 31.50 1OW E 65 35 .7 



Sample No. 3304 Crystal feldspar 1-a traverse 

SUM * CaO A2203 MI0 Mgo sio2 FeO ANALYSIS NO. NaZO K20 

23 6 8.26 1.21 0.01 0.02 62.60 0.04 4.29 23.57 loo* 

An Ab Or 

22 78 2.6 

245 4.07 0.35 0.04 0.13 52.63 0.85 12.50 29.44 loo* Rim 63 37 .7 



8' 

S' 

9' 

0'1 

E.1 

9.1 

-. ~ 

~ 

tt SS 401 01'62 1S.11 Zf'O 22'ES 91 '0 ON 6E'O 88'9 SL 1 

25'66 f9'62 €8'21 99'0 LO'ZS 01'0 10.0 t2-0 E6'E EL1 

8E 19 401 60'82 ZO'E1 tS.0 86'ES tO'O 10'0 LZ '0 903 2L 1 

SE t9 i 

9t ES g= 401 22'82 21'11 28'0 SI 3s 90'0 00 '0 6t'O E1 'S 891 

SS Pb tf '0 89'fS LO'O ON 29'0 98'5 991 h 
0 

'- 

401 26'SZ €1'6 
9 0 
d 

28 81 401 tZ't2 2f.9 t1.O 6S'6S EO'O ON 4f '0 TS'8 291 



Sample No. 3312 Crystal fe ldspar  

SUM * An Ab Or CaO *Z03 Na20 MllO sio2 FeO ANALYSIS NO. 

416 lath 5.18 0.52 NO 0.09 54.35 0.91 11.17 27.79 loo* 52 48 1.1 

417 lath 4.56 0.47 ND 0.16 53.89 0.82 11.48 28.63 loo* 58 42 1.0 

31 69 1.4 

427 

4 28 

429 

430 

431 

432 

420 7.66 '0.65 0.01 0.01 61.16 0.09 6.34 24.07 loo* 

421 7.76 0.53 0.02 ND 60.62 0.08 6.35 24.65 loo* 

422 7.56 I 0.60 ND 0.08 59.55 0.72 6.58 24.92 IO@ 

423 7.46 0.53 0.03 0.04 62.13 0.10 6.11 23.35 99.75 

424 7.73 0.56 0.01 0.00 59.85 0.07 6.54 25.24 loo" 

425 7.32 1.03 0.01 0.03 61.09 0.14 6.40 23.97 loo* 

7.35 1.03 0.01 0.02 60.02 0.11 6.39 25.06 loo* 33 68 2.2 

5.66 0.77 0.00 0.15 57.07 0.90 9.46 25.99 10P 46 54 1.6 
b 

L - 0  

5.65 0.54 ND 0.17 54.05 0.82 10.67 28.13 loo* 3 47 53 1.1 

3.96 0.37 0.00 0.09 52.64 0.58 12.81 29.55 loo* 64 36 .8 

4.32 0.31 ND 0.09 53.49 0.77 12.18 28.83 loo* 61 39 .6 a 
5.01 0.48 0.00 0.13 54.41 0.89 10.98 ' 28.10 loo* 54 46 1.0 

E - 

I 1 

s 31 69 1.1 0 



~ . . . . . . . I . , . l I .  - .  . .  , 

ANALYSIS No. UazO K2O h0 Mgo sio2 FcO CaO SUH * An Ab Or A1203 

215 5.40 0.50 0.04 0.10 54.07 0.32 11.23 28.34 loo* 50 50 1.0 

216 5.55 0.63 0.02 0.10 56.05 0.29 10.32 27.07 loo* 49 51 1.3 

217 5.36 0.74 NO 0.07 56.18 0.43 9.94 27.28 loo* 51 49 1.5 

2 18 5.65 0.64 0.02 0.09 56.39 0.37 9.55 27.28 loo* 48 52 1.3 

Q 49 51 1.4 225 5.56 0.67 ND 0.05 55.76 0.35 10.19 27.69 100.25 c 

y s  
0 ,  

0 

2 26 6.45 0.76 0.02 0.07 57.87 0.38 9.62 25.17 100.35 -b 39 61 1.6 

227 5.63 0.68 ND 0.05 56.17 0.31 9.94 27.24 loo* 0 3  48 52 1.4 

2 28 5.84 0.75 ND 0.09 55.21 0.34 10.84 26.96 loot 45 55 1.6 

229 3.76 0.45 NO 0.15 51.15 0.44 13.52 30.55 loo* 65 35 .9 

230 3.89 0.30 0.05 0.11 51.78 0.40 14.06 29.54 100.15 E 64 36 .6 

231 2.78 0.20 0.02 0.16 48.24 0.50 15.34 32.71 99.96 75 25 ’ .4 

r 

0 
Q\ 
\o 

- 
E 

ir * 

Sample No. 3354a Crystal  l a r g e  fe ldspar  

> 

I 

*Normalized t o  100 percent. 



Sample No. 3356 Crystal feldspar traverse 

Ab Y L  
SUM * An CaO M2°3 MI0 Hgo sio2 FeO ANALYSIS NO. Na20 K20 

426 7.72 1.06 0.04 0.03 59.50 0.29 7.39 23.99 loo* 26 73 E: 2 

4 28 5.83 0.99 0.01 0.02 60.12 0.32 7.29 25.44 loo* 40 59 2-1 

429 6.60 1.00 NO 0.04 60.13 0.39 7.67 24.17 loo* 36 64 2.1 0 
V 

430 8.36 1.05 ND  0.01 60.92 0.26 7.37 22.05 loo* 20 80 2.2 

434 4.40 0.38 NO 0.17 51.34 0.52 13.35 29.88 loo* 59 41 .8 

4 36 4.73 0.93 0.02 0.26 52.78 0.69 12.32 28.24 loo* 54 46 1.9 

438 3.63 0.32 0.04 0.12 51.62 0.67 13.99 29.61 loo* 66 34 .7 

!! 

441 5.77 1.36 ND 0.16 57.29 0.57 10.66 24.21 loo* - t 41 59 2.9 ,.E 
442 4.50 0.47 ND  0.51 52.69 0.79 12.84 28.20 loo* 5 0  v N  58 46 1.0 

4 49 3.71 0.29 NO 0.12 52.40 0.57 13.82 29.09 loo* E 65 35 .6 

450 3.46 0.35 0.01 0.16 50.05 0.59 14.35 31.01 loo* 68 31 .7 
- a 
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