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ABSTRACT 

The t in.-bearing  Taylor  Creek  Rhyolite  forms  several  flow-domes 

i n  the Ter t ia ry   vo lcanic   sec i ion  of the  Black Range in   southwestern 

New Mexico. Two of t h e   r h y o l i t e  domes a r e   w e l l  exposed  along  Taylor 

Creek, a prominent  int,ermi,ttent  stream  draining  country on the   wes t  

s i d e  of the  Cont inental   Divide.  

The f1c.v-layered,  porphyrit io  rhyolite is p a l e   r e d   t o   g r a y ,  " 

with phenocrysts of microperthit ic  sanidine,   quartz,   and  minor 

plagioclase and b i o t i t e  Enclosed i n  a d e v i t r i f i e d  groundmass of a l k a l i  

fe ldspar   and  quartz;   Accessory  igneous  minerals   include  t i taniferous 

magnet i te ,   sphene ,   faya l i te .  (? ) ,  and  zircon. 
v 

X-ray 'study of t h e   a l k a l i   f e l d s p a r s   i n d i c a t e s   t h a t   t h e  pheno- ' 

cry.s ts  are low-sanidine,  and that post-emplacement  processes,  including 

d e v i t r i f i c a t i o n  of g l a s s   a n d   a r g i l l i z a t i o n   i n   t h e  groundmass,  appear 

t o  have had l i t t l e  e f f e c t  on these  phases.  Groundmass a l k a l i   f e l d s p a r  

appea r s  t o  be of similar s t r u c t u r a l   s t a t e  and s l i g h t l y  more po ta s s i c  

than phenoCrySt compositions.   Sanidines  separated  from one t i n -bea r ing  

hematite veinlet  'were  found t o  be t h e  most po ta s s i c  of a l l  f e ldspa r s  

s tud ied .  

A v a r i e t g  of t e x t u r e s  and colors  has  provided a b a s i s   f o r  su5- 

d iv id ing   t he   rhyo l i t e   i n to   s eve ra l   f ac i e s .   These   r ange   f rom '  

mia ro l i t i o ,   l i t hophysa l   t ypes   nea r   t he   t ops  of t h e  exposed domes t o  

more dense ,   sphe ru l i t i c   t ypes   t ha t  compose the   bu lk  of t h e   r h y o l i t e  
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masses. Fyroc las t ic   rocks  are iniorbodded  with and marginal t o  1.he 

r h y o l i t e  domes. 

Flow-l.nyering i n   t h e  .dome i n t e r i o r s  is gen t l e  t o  moderately 

inc l ined ,   bu t   near  some of t h e  dome margins it i s  s teeply   inc l inod  

and  locally  expresses  recumbent  f low-folds.  The a s soc ia t ion  of 

rhyol i te   with  interbedded  pyroclast ic   rocks,   and  the  occurrence of 

vi t rophyric   and  f low-breccia   facies   within  the  volcanic   pi le   indicate  

' t h a t   t h e  emplacement. of t h e   r h y o l i t e  domes was not one unin ter rupted  

event ,   but  was broken by periods o f .  explos ive   ac t iv i ty ,   fo l lowed 

by .renewed l a v a ' o u t p o u r i n g   i n   d i f f e r e n t   d i r e c t i o n s  from d i f f e r e n t  

sources.  .... 

Tin  mineral izat ion  appears  t o  b e  oogenet ic   wi th   the   rhyol i te .  

The lode   t i n   occu r s  as c a s s i t e r i t e ,   b o t h   i n   m i a r o l i t i c   . c a v i t i e s  and 

i n   h e m a t i t e - r i c h   v e i n l e t s ;  it a l s o  appears as f i n e l y   c r y s t a l l i n e  

"wood-tin" i n  l o c a l  placer  accumulations.  The c a s s i t e r i t e  i s  commonly 

associated  with  hemati te   and  quartz ,   and  local ly  wi th  b ixbyi te ,  

. pseudobrook i t e ,   a lka l i   f e ldspa r ,   t opaz ,  and monazite. Its most 

widespread  occurrenoe i s  in   the   hemat . i te -bear ing   ve in le t s ,  which a r e  

r e s t r i c t e d  t o  the   a rg i l l i zed ,   b leached   rhyol i te .   These   ve in le t s   a re  

discontinuous,   and  cannot  be  traced more than  a  few f e e t   i n   a n y  one 

outcrop.  Rarely do they  exceed 8 mm i n   t h i c k n e s s .  Analysis of 

s t ruc tu ra l   f ea tu re s ,   i nc lud ing   rhyo l i t e   f l ow- laye r ing ,   shes r   f r ac tu re s ,  

and  t in-bear ing  f ractures   concentrated  near  one  of t h e  dome margins 

a t  Tay lo r   Creek ,   r evea l s   t ha t   t he   t i n -bea r ing   ve in l e t s   r e f l ec t  

t ens iona l   fea tures   deve loped   a f te r   f lowage   ceased , .probably   as  a , 

r e s u l t  of con t r ac t ion  of n e a r l y   s o l i d   r h y o l i t e .  
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The a s soc ia t ion  of c a s s i t e r i t e  w j t h  b ixhyi te  'and paoudo'brookite, 

minerals that occur  primarily i n  oavitios  v/il.hin, a mia ro l i t i c , ,  

l i t hophysa l   rhyo l i to   f ac i e s  and f o r  which thermal   s tab l l i t i . es   have .  

been  determined,  suggests  that t j n  was dupositod, a t  temperatures of 

6OO0C or h igher ,  from a gas  phase  derived  from  the  cooling  rhyolite 

. under  oxidizing  conditions. A similar environment of depos i t ion  

probably  applies t o   t h e   v e i n l e t s  as wel l .  

Rhyol i te   a l terat ion  includos  widespread  bleaching  and  dissemi-  

nated weak a r g i l l i x a t i o n ,  which leave  the  rock  white  and  porous.  

S e r i c i t i z a t i o n  and  topaz  replacement of R-feldspar are recognizable  

loca l ly ,   bu t  are n o t   i n t e n s e   a d j a c e n t   t o  walls of t he   t i n -bea r ing  

ve in l e t s .  Composition of veinlet   feldspar  and  whole-rock  analyses 

i n d i c a t e   t h a t   t h e   a l t e r a t i o n  i s  charac te r ized   pr imar i ly  by enrichment 

i n  a lka l i e s ,   ch i e f ly   po ta sh .  

. .  

A comparison of bulk,  com'positions of  some " t in - rhyo l i t e s "  

with those of unminera l ized   rhyol i tes   sugges ts   tha t   the   " t in - rhyol i tes"  

' are not  uniquely  characterized by major element  content,  but  range 

i n  composition  from t h e   s i l i c e o u s - a l k a l i n e   t y p e  of t h e  Blaok Range 

v a r i e t y   t o   t h e  more alumina-rich  type  found i n   p a r t s  of Mexico. 
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INTRODUCTION 

. .  
Tho t i n   d e p o s i t s  i n  the  Black Range of  southwestern New 

Mexico r ep resen t  one  of s eve ra l   ca s s i t e r i t e - rhyo l i t e   a s soc ia t ions  

i n  North America. Among t h e   w o r l d ' s   t i n   d e p o s i t s ,   t h e   t i n - r h y o l i t e  

occurrences have rece ived   r e l a t ive ly  l i t t l e  study,  mainly  because 

of t h e i r   l i m i t e d  economic  importance.  Moreover,  they  generally  are 

f i n e  grained a n d   d i f f i c u l t   t o   i n t e r p r e t   g e n e t i c a l l y .   A s s o c i a t i o n  

of t i n  w i th   b io t i t e   g ran i t e   has   l ong   been   r ecogn ized ,   bu t   i n   t he  

t in-rhyol i te   occurrences  biot i te   and  other   mafic   const i tuents  are 

scarce.  

The  Black Range t i n  o c c u r s   i n   m i a r o l i t i c   c a v i t i e s   w i t h i n  
. .. 

p o r p h y r i t i o   r h y o l i t e ,   i n   c a s s i t e r i t e - s p e c u l a r i t e   v e i n l e t s   t h a t  

' t raverse   the   rhyol i te ,   and   a l so   in   widespread   p lacer   accumula t ions .  

Th i s   s tudy  was undertaken t o  determine  re la t ionships   between  the 

r h y o l i t e  and   a s soo ia t ed   t i n   depos i t s .  It was addressed most s p e c i f i -  

c a l l y  t o  t h e  problem of whether   the   lode   t in   depos i t s   a re   ind igenous  

t o   t h e   h o s t   r h y o l i t e ,  or whether  they  were  introduced  and  concertreted 

by la te -s tage   hydro thermal   f lu ids   tha t   i s sued  from volcanic   vents ,  

as suggested  by some ear l ie r   workers   (e .g . ,   Fr ies ,  1940).  

Location and. Access ib i l i ty  - 

The  Black Range t i n   d i s t r i c t ,  occupying a r e c t a n g J l a r   a r e a  

approximately 18 miles wide  and 30 miles   long,   l ies   immediately 

west of the   Cont inental   Divide  in   Sierra   and  Catron  Count ies ,  New 

1 
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Mexico (Fig. 1 and  Plate  1). It includes no v i l l a g e s  or towns,  but a 

small population i s  s c a t t e r e d  among several   ranohos.  The U. S. 

Fores t   Serv ice   opera tes  a Ranger Stat ion  near   Beaverhead,   s i te  of 

a former hunting  lodge i n  the   wes t - cen t r a l   pa r t  of t h e  area. 

The a r e a  i s  access ib l e  from the   no r th   v i a   S t a t e  Highway'78 

o r  State Highway 52 ,   bo th   d i r t   and   grave l   roads .  From S i l v e r   C i t y ,  

t h e  area can be reached  over  State Highways 25  and  61,  which  are 

mainly unimproved d i r t ' o r . g r a v e 1   r o a d s ;   t h i s   r o a d  i s  r e f e r r e d  t o  

l o c a l l y  as the "Outer Loop Drive." The most ready  acoess is from  the 

east via  State Highways 52 and  59, whioh a r e  paved  from Truth o r  

Consequences . t o  the-Beaverhead  Ranger  Station.  Beaverhead is  approxi- 

mate ly  87 miles by road  southwest  of  Magdalena,  75  miles west of 

T r u t h  or Consequences (formerly H o t  Springs) I and 87 miles  north  of 

S i lver   Ci ty .  Food and  suppl ies  oan  be  obtained i n  Winston, a small 

community 43   mi les   eas t  of  Beaverhead. 

Previous Work 
I_ 

The Black Range t i n   d i s t r i c t  and  adjacent areas have  been 

studied by s e v e r a l   i n v e s t i g a t o r s   s i n c e   t h e   i n i t i a l   d i s c o v e r y  of stream 

t i n  by J. W, Welch i n  1918. The first reconnaissanoe  study was made 

by H i l l  (1921) i n  1920. The regional  geology was mapped la t e r  

between  coordinates  33e15'-33030' N l a t i t u d e  and  107"45' -108O15' W 

l ong i tude  on a scale of 1:62,500 ( F r i e s ,  . .  1940;  Fries  and  Butler,   1943).  

Betvreen 1939  and  1943,  the U. S .  Bureau o f  Mines conducted 

an  extensive  sampling  program.throughout   the  dis t r ic t   (Volin  and 

o t h e r s ,  19477). I n   t h i s   i n v e s t i g a t i o n ' ,  1188 samples wore co l l ec t ed  

and analyzed. . .  
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Reconnaissance mapping by goologis ts   of   tho Now Moxico Bureau 

of Mines has   ex tended   over   severa l   years   in   quadrangles   ad jacent   to ,  

and   inc luding   the  t i n  d i s t r i c t   (Wi l l a rd ,   1957a ,  b; Willard  and 

Givens,  1950; Weber and  Willard,  1959a, b; and S t e a m s ,  1962). 

' Elston  and  others   (1960) ,  who have  studied  the  volcano-tectonic 

r a l a t i o n s h i p s . o f   t h e  Mogollori Plateau,   have  referred t o  t he   t i n -bea r ing  

r h y o l i t e  as the   Taylor   Creek   Rhyol i te ,   a f te r  a prominent  drainage 

i n  t h e  area.   This  informal  terminology is  r e t a i n e d  i n  t h i s  study. 

Richard H. Jahns,   Stanford  Universi ty ,  has worked i n  the a r e a  

i n t e r m i t t e n t l y   s i n c e  .World War 11, mapping and  sampling  for  the U, S. 

Geological Survey  and t h e  New Mexico Bureau of Mines and  Mineral 

Resources. 

More recent ly ,   the 'Geologica1  Survey  (Ericksen  and  others , .  

1970)  has  conducted a geochemical  sampling  and  mapping  program rn  

t h e  Blaok Range Primitive Area, which l i e s  immediately south of the  

'tin d i s t r i c t .  

" . 

. .  

Brief History  and  Product ion  of   Dist r ic t  - - 

Since  the  discovery of t i n   i n ' t h e  Black  Range,  mining a c t i v i t y  

has been sporadic ,   wi th  no s u b s t a n t i a l  o r  sustained  production. 

A t  least seven  companies showed i n t e r e s t   i n   p a r t s  of t h e   d i s t r i c t  

d u r i n g   t h e   l a t e  1930's and  ear ly   1940's .  They .included  the  Beaver 

Creok  Tin  Mining Go., New Mexico Tin and Metals Co,, Nevada Consoli-  

dated Copper  Co.,  Ameriqan Tin  &fines Go., ,Colorado-New  Mexico Tin 

Corp.,  Labrua  Development  Co.,  and Sierra   Metals  Co. No extensive 

operations  were  developed. 

I .  

I .  

. .  
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COllSidoPablE e f f o r t  by individual  miners  and small mining 

companies  has been d i roc t ed  toward e l u v i a l  and a l luv ia l  placer  

deposi ts   associatod w i t h  in te rmi t ten t   s t reams,   p r inc ipa l ly   Hardcas t le  

and Squaw Creeks  north of  Highway 59,  and  Sawmill Canyon and  Taylor 

Creek t o   t h e   s o u t h   ( P l a t e  1). The greatest   product ion has' come from 

Nugget  Gulch near   Hardcast le  Creek (8000 lbs of  conoentrate  during. 

1940-43),   largely  through  the work of Mr. Paul  Bellamy, a l o c a l '  

r e s iden t  who is now r e t i r e d .  

The bes t  exposed  concentrations of lode  t i n  are nea r   t he  mouth 

of Taylor  Creek  above Wall Lake  and at  Squaw Creek. The hematite- 

c a s s i t e r i t e   v e i n l e t s  have  not  proved  economical t o  mine, owing t o  

t h e i r  low grade, small dimensions,  and  lack of pers is tencp.  

Tota l   p roduct ion   f rom  the   d i s t r io t  is unknown, but the U. S. 

Bureau of Mines (Volin  and  others,   1947)  estimated 'that a t o t a l  ' o f  
Y 

21,900  lbs  of t i n   c o n c e n t r a t e  was produced  between  1940  and  1943, 

more than  one-third coming from  Hardcastle  Creek.  Excluding  minor 

' lode  production  from  Taylor  Creek,  output  from  the  district   for th is  

in te rva l  was 9.85 tons  of concentrate   averaging 50 percent t i n .  

In   1969,   Paul  Bellamy l eased  some of h i s   c l a i m s  on Hardcast le  

Creek t o  Clarence L. Gitman, who constructed a small t i n  mill t h a t  

i nc luded   fou r   s e t s  of Pan American j i g s .   S ince  i t s  cons t ruc t ion ,  

t h e  m i l l  has been  plagued by water  shortage  and  mechanical  breakdowns. 

To d a t e ,   t h e r e  has been no p roduc t ion   f rom  th i s   e f fo r t .  . , 

During the   spr ing   of .1970,  R .  C .  Kur did  assessment work on 

claims recent ly   s taked  on Sawmill  Canyon, south of Highway 59. 

Aocording to   report ' s ,   o ther   c la ims  recent ly   have been s taked a t  
. .  
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Indian  Peaks in a n  area a l so   cha rac t e r i zed  by po rphyr i t i c   rhyo l i t e  

a t  t he   no r th  end of t h e   d i s t r i c t .  

. .  

Geologic  Sett ing 

F r i e s  and  Butler  (1943) first mapped the  regional   geology of 

the  Black Range t i n  d i s t r i c t   ( P l a t e  l), and a summary of t h e i r   r e s u l t s  

is included  here t o  provide a l i t h o l o g i c  and  chronologic  framework 

f o r  t h e   t i n - b e a r i n g   r h y o l i t e .  They subdivided  the p i l e  of T e r t i a r y  

t o  Quaternary   vc lcanic ' rccks   in to  s i x  u n i t s  that represent  a range 

i n  composition  from  basalt  t o   r h y o l i t e .  From o ldes t   t o   younges t ,  

these   un i t s   inc lude : - - .a  lower bas io   vo lcanic   se r ies   (Tba) ,  a .felsi t ic 

.* . . v o l c a n i c   s e r i e s   ( T f l ) ,  a r h y o l i t i c   v o l c a n i c   s e r i e s  ( T t )  t h a t   i n c l u d e s  

._  

t h e   t i n - b e a r i n g   r h y o l i t e  (Tr); an  upper   basic   volcanio  ser ies  (QTb), 

a t h i c k   c l a s t i c   u n i t  (QTo),  and  alluvium (Qal) . Four of t h e s e   u n i t s  

have now rece ived   formal  names. The lower  three  units  have  been 
. .  

' ' cor re l a t ed   w i th   t he  Dat i l  Formation,  which  has  been mapped f a r t h e r  

t o   t h e   n o r t h  and  west  (Willard,  1957a,  b;  Willard  and.Givens,  1958; 

Weber and  Willard,   1959a, b). The upper c l a s t i c  u n i t  is designated 

t h e  Gila conglomerate on t h e  New Mexico S t a t e  map and is  roughly 

equivalent  t o  t he   San ta  Fe  Group  exposed i n   t h e   R i o  Grande  Valley 

(Dane  and Bachman, 1965). Most of t h e   u n i t s   a r e   s e p a r a t e d  from 

adjacent   cnes  by e ros iona l   unconformi t ies .   In te r f inger ing  of u n i t s ,  

p a r t i c u l a r l y   w i t h i n   t h e  D a t i l  Formation,  also i s  ccmmon. 

Th.e lower ,  basic   volcanic   rocks,   exposed  only  in   the  southern 

h a l f  of t h e   d i s t r i c t ,  are a t  l e a s t  1000 f e e t  i n  th ickness .  The base 

of t h i s   s e o t i o n  is not  exposed. The rocks  are   dominant ly   basal t ic  

a n d   a n d e s i t i c   l a v a s   w i t h   i n t e r l a y e r e d   t u f f ,   b r e c c i a ,  and. c l a s t i c  
. .  
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sedimonts.  This serS.es presumab1.y l i e s  011 uppor'  Paleozoic  (Pelinsyl- 

vanian  and  Parmian)  sudimentary r o o k s ,  which a r e  known t o  crop o u t  

e a s t  of t h e   d i s t r i c t .  

The f e l s i , t i c   v o l c a n i c   s e r i e s  I s  50 t o  200 f e e t   t h i c k  and 

cons i s t s  of f e l s i t e ,   l a t i t e ,  a n d   a n d e s i t e   f l o w ,  with in t e r l aye red  

tuf f   and   brecc ia .  

The r h y o l i t i c   v o l c a n i c   s e r i e s   i n c l u d e s   r h y o l i t i c   t u f f   a n d  

b recc ia   w i th   i n t e r l aye red   f l ows   o f   l a t i t e   and   po rphyr i t i c   rhyo l i t e .  

Minor sandstone  and  conglomerate  are  included.  Within t h i s  s e r i e s ,  

t he   t i n -bea r ing   rhyo l i t e ,   r e f e r r ed  t o  i n  t h i s   s t u d y  as the   Taylor  

Creek  Rhyolite,  forms  broad flow-domes a n d ' i s  dominant i n  the   lower  

sect ion.  The upper r h y o l i t i c   s e c t i o n  i s  mainly l a t i t e  and   rhyo l i t e ,  

with some breccia .  

The upper  basic  flours, which are  widespread i n  the   wes te rn  
. .  

par t  o f  t h e   d i s t r i c t ,  were mapp2d by F r i e s  and  Butler as b a s a l t s .  

This   se r ies   a l so   inc ludes   andes i tes   and   probably   basa l t ic   andes i tes  

I similar t o  other   recent   f lows of t h e  Mogollon P l a t e a u   ( E l s t o n ,   o r a l  

comm.); Its maximum th i ckness  i s  1500 f e e t  o r  more at Pelona 

Mountain t o   t h e   n o r t h ,   b u t  i n  gene ra l   t he   t h i ckness  i s  much less . '  

A 300- t o  400-foot  seotion  of  andssite i s  well exposed d o n g  t h e  walls 

, of Beaver  Creek  near' Kemp Mesa ( P l a t e  6 ) .  

r .  

. The c l a s t i c  sequence (Gila Conglomerate) i s  t h e  mos:. wide- 
. .  

spread   un i t .  It comprises  tuffaceous  sandstones  and  coarse  gravels 

derived  from  the  underly'ing  volcanic  rocks. Good exposures  are  found 

along  upper  Beaver-Creek.  and i t s  t r ibu tar ies .   Severa l   hundred   fee t  

of predominantly  brown,  tuffaceous  sandstone  crops  out  north of Gree r ' s  

' Ranch ( P l a t e  2). 
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Recent   a l luv ium  and   te r race   depos i t s   a re   p resent   in   and   a long  

intermit t .ent  streams and t h e i r   t r i b u t a r i e s .  Many of these  occurrences 

have  been  prospected  for t i n   i n   t h e   p a s t ,  and as r e c m t l y  as 1970, 

a l i u v i a l   p l a c e r s  were  being worked by C.  L. Gitman near  Hardcastle 

Creek. 

F i e l d  Work 
" 

Five months du r ing   t he  summer of  1969  and t h e   s p r i n g  of 1970 

were  spent i n  f i e l d  mapping  and  sampling,  principally i n  t h r e e  areas 

covering a t o t a l  of about 10 square miles within t h e  t i n  . d i s t r i c t .  

These  areas  are  out l lned  on the   geologic  map, of F r i e s  and  Butler 

( P l a t e  1). From e a s t  t o  wes t ,   t hey . ino lude   t he  Paramount Canyon- 

Taylor   Peak  area,   the   Taylor   Creek  Prospects   area,   and  the  sduth 

Kemp Mesa-Beaver Creek area. They were se lec ted   for   s tudy   becaose  

they  provide good exposures of the t in-bear. ing  rhyolite,   and  because 

cass i te r i te -hemat i te   ve in le t s   can   be   observed  i n  a few places.  

._  

Paramount Canyon and v i c i n i t y  were mapped  on t h e  Lookout 

Mountain  15'  quadrangle  sheet,  enlarged t o  a s c a l e  of approximately 

1" = 1000' ( P l a t e  2). 'Two weeks were  spent i n  the   Tay lo r  Creek 

Prospects  area chief ly   for   sampling  and  adding minor s t r u c t u r a l  

d e t a i l s   t o  a large-scale   geologic  map compiled  from the   exce l l en t  

work of Fr ies   (1940)  and Jahns  (1957-62,  unpubl.). 

The small South .Kemp Mesa-Beaver Creek  area was mapped on a 

U. S'. Fores t   Serv ice   aer ia l   photograph ,   en la rged   to  a s c a l e  of  approxi- 

mately 1" = 900'. This  ma'p subsequently  has  been  enlarged t o  

1" = 400' and is  presented  as:   Plate 6. 
. I  
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. sc reen .  The -11 mosh f r a c t i o n  was t h e n   s p l i t   t o   g i v e  two 100-150 

gram samples,  whioh  were  reduced t o  -1OOt120  mesh i n  a micro-pulverisor 

equipped  with  99.9  percent  alumina  plates. Two 20- t o  30-gram 

s p l i t s  of eaoh  samplo  were  then  obtained, one of which was submitted 

t o  t h e  New Mexico  Bureau of Mines  and  Mineral  Resouroes f o r   a n a l y s i s .  

The  other was r e t a i n e d  as a dupl icate .  

PARAMOUNT  CANYON-TAYLOfi PEAK AflEA 

Location 
, 

The Paramount  Canyon-Taylor  Peak area ( P l a t e  2) l i e s  south 

of S t a t e  Highway 59;. t h e  eastern border i s  approximately f o u r  miles 

west oP the  Continental   Divide.  From Truth o r  Consequences,  the . 

d i s t ance  i s  approximately  60  miles  via  Winston on  paved  Highways 52 

. .. 

and 59. Geologic mapping  done i n   t h i s  area oovers ' the   southeas t  

oorner of T 10 S, R 11 W, inc luding  most of s ec t ions  13, 14,  23,   24,  

25,  and  26  and the southwestern  portion of T 10 S ,  R 10 W, sec t ions  

18, 1 9 ,  and 30. 

. .  

The nor th  rim of Paramount Canyon is  r ead i ly   access ib l e  

immediately.  south of Highway  59. The  canyon,  occupied by an i n t e r -  

mi t ten t   ' t r ibu tary  of Taylor   Creek ,   a l so   can   be   reached   v ia   the  

Lookout M t ,  r oad ,  which i s  graded d i r t  and  branches  southward  from 

Highway 59 about  one  mile east of Boiler  Peak. From t h i s   r o a d ,  a 

j eep  trail  extends f o r  s.everal  miles down Taylor  Creek,  well   past   the 

junction  with  Paramount Canyon. 

Taylor peak, a prominent  landmark a t  8288 f t ,  i s  two miles 

southeast  of Paramount Canyon. . It' a l so   can  be  reaohed  via  the 

Lookout M t .  road. 



Ge!mrul Fec:.uror; 

An aroa  of  spprosimatoly 9 squcre  milos eas mi::ed goo lcg ica l ly  

i n   o r d o r  t o  dot.ormine ro l a t ionsh ips   t h roughou t   t he   i n t e r io r  of a 

r h y o l i t e  flow-dome appro;&mately 7 miles lcng end 4 k l e s  wide.   This 

r h y o l i t e  mass i s  h e r e   r e f e r r e d  t o  as the   Bo i l e r  Peak 'dome. 

Three  r.ock un i t s ,   w i th   a s sod ia tod   d i s t i ngu i shed   f ac i e s ,   have  , ' 

been  recognized. They include,   f rom  oldest  t o  youngest,  the  D a t i l .  

Formation, G i l a  Conglornera:e, and  Queternary  deposits.  They  range 

i n  age f r o m  Oligocene t o  Holocene. 

.%.thin t h i s - a r e a ,   r h y o l i t e  of t h e  Dat i l  Formation  has  been 

e roded   i n   Que te rEary   t ime   t o  a broad   pediment , sur fece   tha t   s lopes  

g e n t l y  westward a t  a grede of a p p r o x i m t e l y  70 f e e t  per  mile [lo). 

This   su r f ace  (Fig. 2 ) ,  probably of P le i s tocene   age ,  i s  y c u t h f u l i y  

d i s sec t ed ,   w i th   Bo i l e r  Peak (8648 f t )  and  'ieylor  Peek (8288 f t )  

s t and ing  as oonsplcuous  landaerk  reznznts a few  hundred feet above 

the  surrounding  country.   Taylor   Creek,   in  one of the  -prominent 

drainage  courses   in   the  'Ylack  Range,  flovs ir i ter- l i t tent ly   westward 

. .  

t h rough   t he   sou the rn  p a r t  o f . t h e   a r e a ,   x h e r e   t h e   a v e r a g e   l o c a l   r e l i e f  

is' 400 t o  500 f e e t .  The c reek   in   Para- lomt  Cenyon is a n   i n t e r m i t t e n t  

t r i b u t a r y  of Taylor  Creek. 

The a r e a   l i e s   w i t h i n   t h e  G i l a  Nat ional   Fopest ;   and  features  

ex tens ive   s t ands  of small but  abundant  gonderosa  pine. The c l ims te  

i s  dry  throughout  most pf t h e   y e a r ,   v i t h   t h e   e x c e p t i o n  of snobx: du r ing  

t h e   w i n t e r  months  and s c a t t e r e d  tinunder sho1:;ers o c c u r r i n g   F r i n c i p a l l y  

d u r i n g   t h o  su!mm- months of  Ju ly  and hgust.  
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Format,ion,  Taylor  Creek  Rhyolite 
" 

The Boi le r  Poak domo c o n s i s t s  maitl1.y of p a l e   r e d   t o   g r a y ,  

f low-layered,   prophyri t io   rhyol i te .   Sauidine  and  quartz  are pre- 

dominant among the   pheuocrys ts .   F ive   in te rgrada t iona l   fac ies  of 

po rphyr i t i c   rhyo l i t e  have  been d i f f e r e n t i a t e d  on t h e   b a s i s  of t e x t u r e  

and o o l o r .  Except f o r  a miaro l i t io   fac ies ,   these   rocks   a re   minera-  

l o g i c a l l y  similar t o  one another.   These  facies  formerly were not 

d i f f e ren t i a t ed ,  due l a r g e l y   t o   s m a l l e r  map sca l e s ,   bu t  were  described 

as one un i t ,   t he   " t i n -bea r ing   rhyo l i t e "  (Tr of F r i e s ,   1940 ;   F r i e s  I { 
and  Butler,  1943; Tdrs of Ericksen  and  others,  1970). Elston  and , .. & 

:$ 
o t h e r s  (1968) r e f e r r e d   t o  t h i s  un i t   i n fo rma l ly  as the  Taylor   Creek . , I  

Rhyo l i t e ,   and   t h i s   des igna t ion  i s  adopted  here. The Taylor  Cre8k 
, : 5  

:? 
Rhyolite  (Tdto)  belongs t o   t h e  seoond of th ree   oa lc -a lka l ine   vo lcanic  

cyc le s ' r ep rosen ted   i n   t he   Da t i lFo rma t ion  of t h e  Mogollon' P la teau  

(Elston and others ,   1968) .  

t 
5. 

"% 
.:f 
i 

4 
-4 

1 

The  most conspicuous  feature of t h e   r h y o l i t e  i s  flow-layering, 
.i 

which is character ized by reddish   spheru l i t i c   pa tches   and   lenses  

enclosed i n  a l avende r   t o   g ray ,   aphan i t i c  matrix. ' Well-defined 

par t ing  surfaces ,   spaced less than  one t o  two f e e t   a p a r t ,   a r e  commonly 

developed  parallel  t o   t he   . f l ow- laye r ing .  

-! 

The r h y o l i t e   u n i t   i s . w e l l  exposed  along  Taylor  Creek  and i t s  

t r i b u t a r i e s ,  as well as on Taylor  Peak  and  Boiler  Peak.  Weathering 

f e a t u r e s   a r e   v a r i a b l e . '  O n  the   up land   sur faces ,   the   rook   genera l ly  

wea%hers .to lavender-colored,'   boulder-like  forms. Along the  upper  

walls of Taylor  Creek,  weathering i s  oont ro l led  by i n t e r s e c t i n g   s e t s  

of ve r . t i oa1   j o in t s   t ha t  produce  prismatic columns twenty feet or  



more high. In othar   p laces ,   ' the   rhyol i te   weathers   in to   th in   s labs  

cont ro l led  by pa r t ing   p l anes   pa ra l l e l   t o   t ho   - f low- laye r ing .   .Ra re ly ,  

weathering  produces a na tu ra l   a r ch ,  which was observed i n   o n l y  one 

l o c a l i t y   i n   t h e   s o u t h  wall of Taylor  Creek Canyon, 

Comtacts w i t h   o t h e r   r h y o l i t c   f a c i e s   i n   t h e  flow-dome general ly  

a re   g rada t iona l ,   bu t   oontac ts   wi th   in te r layered   pyroc las t ic   rocks  

a re   sharp .  

During  Pleistocene (? )  t ime,  t h i s  u n i t  was eroded t o  form a 

general ly  f la t  upland  surface  that   s lopes  gent ly   westward.   Taylor  

Creek has d i s s e c t e d   ' t h e   i n t e r i o r  of the u n i t  t o  provide  an  average 

of 500 f e e t  of v e r t i c a l  exposure. A s  much'as 800 f e e t  of r h y o l i t e  

is exposed at Taylop-Peak,  but  here  the  base  cannot  be  observed. 

To ta l   t h i ckness  of t h e  mass, therefoye;is unknown. 

Petrology 

The Taylor  Creek  Rhyolite is prophyrit ic,   with  phenocrysts of 

s an id ine ,   qua r t z ,   and   minor   p l ag ioc la se   and   b io t i t e   s e t  i n  a f e l s i t i c  

t o   s p h e r u l i t i c  groundmass  (Fig. 5) .  The rock   ranges   in   co lor   f rom 

g ray   t o ' pa l e   r ed ,   wea the r ing  commonly t o  shades of gray and lavender .  

Accessory   minera ls   inc lude   t i t an i fe rous   magnet i te ,   sphene ,   faya l i te  (?) ,  

, .  

z i rcon ,  and rarely  hornblende,  Secondary  minerals  include predorni- 

nant ly   K-fe ldspar   and   quar tz ,   wi th   hemat i te ,   b io t i te ,   topaz ,  pseudo- 

b rook i t e ,   c l ay ,   and   s e r i c i t e .  On the   average ,   phenocrys ts   cons t i tu te  

11 percent of t h e  rock ,  groundmass 86 percen'L,  and  voids 3 percent.  

The   san id ine-quar tz   ra t io  is about 1.4.. Modes and  phenocryst   ratios 

a r e   p l o t t e d   i n   F i g u r e s  3 and 4. 
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EXPLANATION 

v Lavender, spherulitic rhyolite, Taylor  Peak area 
White,argillized rhyolite, Taylor Peak area 

A Red vitrophyre,  Paramount Canyon 
o Miarolitic  rhyolite, Paramount  Canyon 
v White, argillized  rhyolite, Taylor  Creek .prospects  areo 
o t i g h t  gray rhyolite, Beaver Creek area 

.... 

I I I I 

.5 1.0 1.5 2.0 
. S A N I D I N E  / Q U A R T Z  .RATIO 

Fig. 4:. Sanidine  and  quartz  phenocryst ratios i n  rhyo l i t e .  



Fig. 5a.  Photomicrograph  of the   Taylor  Creek Rhyoli te ,  
Taylor  Peak area, Sanidine  phenocryst  enclosed in   sphe r -u l i t i c  
groundmass ( l e f t ) ,  most of which i s  d e v i t r i f i e d   ( r i g h t )   t o   a l k a l i  
f e ldspa r  and   quar tz .   P lane-polar ized   l igh t ,  72x. 

Fig. 5b. Same as above,  crossed  niools. .  

? 
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The san id ine   phonocrys ts   a re   .5   to  2.5 mm in length  and ' 

c o n s t i t u t e  5 t o  7 .5  percent of the  rock,   based on point   counts  of 

seven  stained  sla.bs. Thtr c r y s t a l s   t y p i c a l l y   a r e   e u h e d r a l   t o   s u b -  

hedra l   l a ths ,   wi th   apprec iab ly   recrys ta l l ized   borders .   Car l sbad  

twinning is common; zoning i s  ra re ,  Data on s t r u c t u r a l  state and 

chemical  composition of a l k a l i   f e l d s p a r   a r e   d i s c u s s e d   f a r t h e r  on. 

The quar tz ,   genera l ly  smoky, forms  subhedral t o   e u h e d r a l  

bipyramids  1.5 mm or l e s s   i n   d i a m e t e r .  The borders  of many c r y s t a l s  

are i r r e g u l a r ,   a n d   a p p e a r   t o  ref lect  co r ros ion   and   r ec rys t a l l i za t ion .  

Some indiv idua ls   ev ident ly   have   been   en larged   th rough  devi t r i f ica t ion  

of adjacent  groundmass,  and i n  one unusual  oocurrence  the  inferred 

enlargement i s  by a-?actor,of  about  four.   Throughout  the rock,  t h e  

c r y s t a l s  of quartz   range from  unbroken t o   h i g h l y   f r a c t u r e d .  Some 

are weakly b i a x i a l ,  presumably as a r e s u l t  of s t r a i n .  

Sodic   ol igoclase, '  which ra re ly   exceeds  1 percent by volume 

of t h e   r o c k , . c c c u r s  as small, i r r e g u l a r   g r a i m ,  o r  as small c l u s t e r s  

of s e v e r a l  grains intergrown  together.  The phenocrysts   typical ly  

are rrantled by sanidine  and  appear t o   l a c k  any  preferred  or ientat ion.  

The  groundmass of t he   rhyo l i t e   cons i s t s   ma in ly  of K-feldspar 

a,nd qua r t z   a r r anged .   i n   sphe ru l i t i c   t o   mic roc rys t a l l i ne   aggrega te s ,  

w i t h   i n t e r s t i t i a l   s i l i c a   m i n e r a l s  and   zeo l i tes  ( 7 ) .  Primary  accessory 

minerals, which amount t o  less t han  1 percent of t he   rock ,   i nc lude  

.magnetite, s p h e n e ,   f a y a l i t e  (?) ,  and  zircon.  Secondary  hematite 

and b i o t i t e  are wide ly   d i sa r ibu ted   i n   t he  groundmass. The b i o t i t e  

appears  as very small f l a k e s  ( C a p )  t h a t   a r e   p l e o c h r o i c   i n   s h a d e s  of 

yellow,  green,  andzeddish-brown.  Zircon commonly occurs as inc lus ions  

in   phenoc rys t s  of magnet i te   and  biot i te ,   and  rarely as ind iv idua l  
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miorophenocrysts.   l iayali te was no t   pos i t i ve ly   i den t i f i ed  from t1~i.s 

l o c a l i t y ,   b u t  its presench in  the  Taylor  Creek  Rhyolite  near  Seventy 

Tour Draw s u g g e s t s   t h a t  it may be c h a r a c t e r i s t i c  of the   rook;  a 

r e a c t i o n  t o  form  hematite  probably  has  obscured i t s  oocurrence i n   t h e  

Paramount  Canyon area. 

Nearly a l l  stages of d e v i t r i f i c a t i o n  can  be  observed  within 

s i n g l e   t h i n - s e c t i o n s  of r h y o l i t e ,   a n d   e s p e c i a l l y   t h a t   i n   t h e   T a y l o r  

Peak area. Much o f   t h e   r h y o l i t e  groundmass i s  marked by cloudy 

p a t c h e s   i n  which s p h e r u l i t i c   f i b e r s  o f  a l k a l i   f e l d s p a r   a r e   p r e s e n t .  

These  grade  into  expressions of an in t e rmed ia t e   s t age   f ea tu r ing  

groups   o f   K-fe ldspar   c rys ta l s   a r ranged   rad ia l ly   about   po ik i l i t i c  

quar tz   cores .   La ter -s tage   aggrega tes  of in te r locking   fe ldspar   and  

quar tz   g ra ins   a l so   a re   abundant .   Granophyr ic   in te rgrowths   a re  

coqmonly observed at  t h e  margins of c a v i t i e s   i n   t h e   r o c k .  
. .  
S e q u e n t i a l   s t e p s   i n   d & i t r i f i c a t i o n  of the  Taylor  Creek 

R h y o l i t e   a r e   i l l u s t r a t e d   i n   F i g u r e s   6 a ,   b ,   a n d   c ;  a l l  photomicrographs 

were  obtained  from one th in-sec t ion .  The c r y s t a l l i z a t i o n  commonly 

begins  with  development .of submicroscopic ,   sheaf - l ike   to   spher ica l  

bundles  of  K-feldspar  and s i l iba  (Fig.  sa), each of  which genera l ly  

d e v e l o p s   f u r t h e r   i n t o  a complete   spherul i te  of f e l d s p a r   l a t h s   r a d i a l l g  

disposed  about a p o i k i l i t i c   q u a r t z   c o r e .  Some microscopic  quartz 

. . .  
a l s o  can  be  observed  with  a lkal i   fe ldspar  i n  granophyric  intergrowths 

t h a t   r e p r e s e n t   a n   i n t e r m e d i a t e , s t e p   i n   t h e   t r a n s i t i o n   t o   c o a r s e r -  

g r a f n e d   r a d i a l   f e l d s p a r   l a t h s .  I n  the   p rocess  of d e v i t r i f i c a t i o n ,  

t he   op t i ca l ly   con t inuous   qua r t z   b l ebs   w i th in   each   sphe ru l i t e   beg in   t o  

c r y s t a l l i z e  as one g r a i n   w h i l e   t h e   f e l d s p a r   l a t h s ' o o n t i n u e  t o  grow 

outward.  This commonly r e s u l t s   i n  a near-perfect  "sunflower"  pattern,  

. .  
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and s i l i c a  a t  early stage i n   t h e   d e v i t r i f i c a t i o r i  of r h y o l i t e  glass. 
Grossed  nicols ,  720x. 

Fig. 6a. I n c i p i e n t   s p h e r u l i t i c  grovrth of a l k a l i   f e l d s p a r  

Fie;. Gb. In te rmedia te   s tage  of d e v i t r i f i c a t i o n ,   f e a t u r i n g  
a SphErtLl.itr3 r o s e t t e  of mic ropo ik i l i t i c   qua r t z  (Q)  surrounded by 
rad ia l   g rowths  of a l k a l i   f e l d s p a r  (F) .  Crossed  nicols ,  720x. 
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' Fig, 60; In t e r lock ing   c rys t a l s  of qua r t z  and  K-feldspar 
' grown i n t e r s t i t i a l l y   t o   s p h e r u l i t e s .   C r o s s e d   n i c o l s ,  288x. 
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Fig: 6d. Granophyric  intergrowths of quartz   and  fe ldspar  
developod at margins of a cav i ty .   In t e rg rowth   appea r s   t o  have 
deve loped   d i r ec t ly  f r o m  spheru l i t i c   g lass .   Crossed   n ico ls ,  264x. 
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o r  rosel , te,  w i ' l h  a poi lc i l i t ic   quartz   core   surrounded  radial ly  by l a t h s  

of   fe ldspar   (Fig.  Gb). Such r ad ia l ly   d i sposed   l a ths  commonly remain 

v i s i b l e   i n   t h e  q!mrtz  cor0 a t  t h i s   s t a g e  of spheruli t ic  development,  

as do inc lus i . ons ' o f   fhe -g ra ined   b io t i t e  and  opaque minerals .  , 

Even tua l ly ,   t h s   co re  becomes non-po ik i l i t i c  as it develops  into a 

nea r - sphe r i ca l  mass of quartz .  A t  a l a t e r   s t a g e   t h i s  mass begins t o  

coa le sce   w i th   o the r   sphe ru l i t e   co res .  The r a d i a l  growth  and  enlarge- 

ment of the abundan t   sphe ru l i t e s   de f ines   i r r egu la r ,   pocke t - l i ke  

in ters t i t ia l  a r e a s ,  where l a rge r   . i nd iv idua l s  of m r g i n a l  K-feldsp& 

commonly are intergrown  with  quartz  (Fig.   60).  Many of t h e  alkali  

feldspir c r y s t a l s   l o s e   t h e i r   p r i s m a t i c   h a b i t  i n  t h i s   p r o c e s s  of 

enlargement,  and  thzdevelopment of Carlsbad  twins  and  cleavage  planes 

g e n e r a l l y  is n o t   o b s e r v e d   u n t i l   t h i s  stage o f  growth, Some of t h e s e  

in t e rg rowths  may represent   vapor-phase   c rys ta l l iza t ion   in   addi t ion  

t o  those formed  through the   ,p rocess  of d e v i t r i f i c a t i o n  of r h y o l i t e  

' . glass. 

Many p e t r o l o g i s t s   b e l i e v e   t h a t   t h e  e2d s t a g e   i n   t h e   d e v i t r i f i -  

e a t i o n  process i s  marked by development of granophyric  textures.  

Although t h i s  has not  been  reoogniaed as a n  " end-stage  process i n   t h e  

Taylor   Creek  Rhyol i te ,  it i s  i n t e r e s t i n g   t o   n o t e   t h a t   t h e   b e g i n n i n g s  

of a g r a n i t i c   t e x t u r e   c a n  be recognized   loca l ly ,  as expressed  by  the 

pocket growths of in te r locking   f ledspar   and   quar tz .  
. ,  - 

Viscos i ty   has   long  been  regarded as a major f a c t o r   i n   t h e  

growth  and  development .of s p h e r u l i t e s  (e.g., Iddings,  1887,  1891; 

Cross, 1891; Pirsson,   1910) .  More recent ly ,   Kei th   and padden  (1963, 

p. 2411) found tha t   " spheru l i te - forming   mel t s   no t   on ly   have   v i scos i t ies  

h i g h e r   t h a n   t h o s e  of s imple  l iquids--higher  by a t  l e a s t  two orders  of 
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magnitude--but , i n   a d d i t i o n ,   t h e y   c r y s t a l l i z e  much more slowly . ' I '  

It has  been fu r th6 r  shown, experiniontal ly ,   that   heat   and  a lkal i - r ich 

s o l u t i o n s   i n c r e a s e '   t h e   d e v i t r i f i c a t i o n   r a t e s  of r h y o l i t e   g l a s s  by 

f o u r  t o  f ive   o rde r s  o f  magnitude in   t he   t empera tu re   r ange  240' t o  

7OO0C and a t  water pressures  of .5 t o  4 kb  (Lofgren,  1968). 

Basic   pr inciples  of s p h e r u l i t e  growth  have  been  explained by 

Keith  and Padden (1963)  and  have  been  applied by Lofgren  (1968) to 

r h y o l i t e   g l a s s e s .  According t o   t h e s e   i n v e s t i g a t o r s ,  a h igh ly   v i scous ,  

s i l i ceous   me l t   p rov ides   t he  s l o v  c r y s t a l l i z a t i o n   n e c e s s a r y   f o r  

sphe ru l i t e  growth by c r e a t i n g  small coe f f i c i en t s  of s e l f - d i f f u s i o n '  . 

and low temperature   gradients .  The growth  of r a d i a l   f e l d s p a r   f i b e r s ,  

which c h a r a c t e r i z e s   s p h e r u l i t e s ,   c r e a t e s   e x c e s s   ' i m p u r i t y , '   s i l i c a ,  

a t  t h e   c r y s t a l - g l a s s   i n t e r f a c e s .   T h e . s i l i c a ,  i n  t u r n ,  provides  a 

s t ab i l i z ing   e f f e ' c t  on i n i t i a l   f e l d s p a r   f i b e r   g r o w t h ,  while preventing 

i t s  l a t e r a l  krowth at t h e  same t ime,  Thus s i l i c a ,  which o r d i n a r i l y  ._ 

c r y s t a l l i z e s  la ter  on as t r idymi te  or quar t z ,   p l ays  an important  r o l e  

i n  the outward  growth of s p h e r u l i t e s .   F o r   d e t a i l s  on s p h e r u l i t e  

growth  and d e v i t r i f i c a t i o n ,   t h e  work of Keith  and  Padden  and i t s  

appl ica t ion   to . s i l i ca te   g lass   sys tems  (Lofgren ,   1968)   should  be 

consulted.  

Bleached  .Facies 

In   genera l ,   the   b leached   and   &akly   a rg i l l i zed   . fac ies   occurs  

i n   t h e   l o w e s t   s e c t i o n  of the   Taylor   Creek   Rhyol i te .   This   fac ies  

crops  out '   chief ly   in  two a r e a s .  As noted on P l a t e  2 ,  one a rea   i nc ludes  

t h e  lower r h y o l i t e   s e c t i o n  as exposed i n   t h e   n o r t h  wall of  Taylor 

Creek,  extending  from  the mouth  of Paramount Canyon approximately 
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7000 feot  eastward. The o ther   l a rgo  mass of bleachod  rhyol i te  i s  

exposod i n   t h e   v a i l o y  immodiately e a s t  of Taylor  Peak. 

Contac t   re la t ions   wi th   over ly ing   un i t s ,  ma in ly  fresh,  unbleached 

rhyo l i t e   (Td tc ) ,   a r e   g rada t iona l   and   a r e   de l inea ted  on the   geologic  

map  by a dot ted   l ine   tha t   ind ica tes   approximate ly   the  limit of 

b leaching .   This   fac ies   cons t i tu tes  300 t o  400 f e e t  of t he   no r th  

wall of Paramount Canyon near i t s  junct ion  vi th   Taylor   Creek,  where 

it forms a small, a rch - l ike   s t ruc tu re .  Rocks on the   sou th   f l ank  

of t h i s   s t r u c t u r e   g r a d e  upward through a t h i n  zone of vuggy,  spheru- 

X t i o  r h y o l i t e  i n t o  breooiated  and  contor ted  rhyol i te .   This   upper  

brecoiated  faoies  oontinues  westward beyona t h e  map ar.ea.  From. 

Paramount Canyon e3Stward,  bleached  rhyolite  exposed  along  Taylor 

Creek grades  upward in to   t he   we l l - jo in t ed ,   g ray   t o   pa l e - r ed   rhyo l i t e  

t h a t  forms t h e  canyon rims. 
. .  

A d i s t i n c t i v e   f e a t u r e  of t he   b l eached   rhyo l i t e   f ac i e s  i n  

Paramount Canyon is shearing,  which i s  most c lear ly   expressed  i n  rocks 

exposed  near  the  junction  with  Taylor  Creek. Here, subpara l le l   shear  

sur faces   s t r ike   nor thwes t   and   ind ica te  a s h e a r   d i r e c t i o n   t o   t h e  

southwest  off t h e  margin  of a looa l ,   a r ch - l ike   s t ruc tu re .   These  

s h e a r s   a r e   l o c a l   f e a t u r e s ,  whose l e n g t h s   a r e  measured commonly i n  a 

few f e e t  o r  l e s s .  One shear   surface i s  discontinuously  exposed  for 

about 300 f e e t   a l o n g  i ts  l eng th ,  however.  These  surfaces % r e  very 

.wel l   def ined,   and  general ly  are polished  and  sl ickensided. They are 

p a r t l y   s i l i c i f i e d ,   b u t  riot mineralized o r  i ron   s t a ined .  I n  some 

places,  individual  shear-bounded  blocks  express backward r o t a t i o n  

t h a t  is suggest ive of slump fea tu res  formed by g rav i ty   s l i d ing .  The ' 
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amonnt of  movoment p a r a l l e l  ' to  these   shears  i s  not known, but i t  

does  not  appear t o  be groa t .  

The o%her main exposure of this f a c i e s  i s  in the   southeas t  

corner of t h e  map a r e s .  IIare 5.t a l s o  forms  part of t he   l owes t   rhyo l i t e  

s ec t ion ,  which grades upward into  unbleached  rhyol i te .  A t  t h e   e a s t e r n  

margin of t h e  flow-dome, the   b loached   rhyol i te  i s  e i ther   jux taposed  

aga ins t   pyroolas t ic   rocks  or i s  over la in  by Gila c las t ic   sed iments .  

The s t r i k e  of f low- laye r ing   i n   t he   b l eached   f ac i e s   gene ra l ly   t r ends  

nor thwes ter ly ;   wi th   a t t i tudes   ranging   up   to   near -ver t ica l ,   Loca l ly . ,  

rhyo l i t e   f l owage   has   r e su l t ed   i n   t he  development  of small, asymmetrio 

folds  with  amplitudes measured in   i nches .  . 
Mineralogical ly ,   the   bleached  facies   c losely  resembles   f resh 

r h y o l i t e ,   b u t   d i f f e r s  i n  wea the r ing   cha rac t e r i s t i c s ,   co lo r , , and  some 

aspec t s  of t ex tu re .  Weak a r g i l l i z a t i o n   h a s   l e f t   t h e  rook not iceably  

porous  and f r i a b l e .  It is grag t o  white,   and commonly weathers i n t o  

a "honey comb" s t ruc tu re .   Th i s  "honey oomb" or cavernous  weathering 

f e a t u r e  i s  developed   para l le l   to   the   f low- layer ing .  The nea r -ve r t i ca l  

walls of t hese   wea the r ing   f ea tu re s   a r e   t yp ica l ly   s i l i c i f i ed ,   and  

may r ep resen t   fo rmer   f r ac tu re s   i n   t he   rhyo l i t e   t ha t  mere f i l l e d  by 

s i l i c a  and  consequently  were  resistant t o  weathering. 

San id ine   and   qua r t z   a r e   t he  predominant  phenoorysts,  and  with a 
. .  

l i t t l e  plagi 'oclase  they  are   enclosed  in  a f e l s i t i c ,   d e v i t r i f i e d  

groundmass. Phenocrysts   const i tute .  10 percent'  of t he   rock .  The 

percentage of phen0cryst.s i s  somewhat l o w e r   t h a n   i n   o t h e r   r h y o l i t e  

facies, a l though   p rac t i ca l ly   i den t i ca l   w i th   Td tc   (F igs .  3 and 4). 

The sanid ine-quar tz   ra t io  i s  1 . 5 ,  h i g h e r   t h a n   i n  most  of t h e   o t h e r  

un i t s .  
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The p r i n c i p a l   f e a t u r e   t h a t   d i s t i n g u i s h e s   t h i s   u n i t   f r o m   t h e  

unbleached  rhyol i te  i s  weak t l r g i l l i c   a l t o r a t i o n ,  which has  been 

deve loped   l a rge ly   i n   t he  grOundmasS. Although  clay  minerals wore 

successfu l ly   separa ted  from several   samples ,  no p o s i t i v e   i d e n t i f i c a t i o n  

could bo made by X-ray ana lys i s .  The c l ays  may be  poorly  crystal l ized 

or they may n o t ' b e   p r e s e n t   i n   s u f f i c i e n t   c o n c e n t r a t i o n   t o  produce a 

unique X-ray d i f f r a c t i o n   p a t t e r n ,  A r e f r ac t ive   i ndex  of  about 1.48 

suggests   the  presence  of .montmori l loni te- type  c lays .   Kaol ini te ,  a 

common a l t e r a t i o n  of tuffaceous  rocks  outs ide the immediate a r e a ,  

may be   present   a l so ,   bu t  i t  was n o t   p o s i t i v e l y   i d e n t i f i e d   i n   t h i s   s t u d y  

e i ther  .. 
Clay  minerals  occur  chiefly as i n t e r s t i t i a l   g r a i n s   t h r o u g h o u t  

" 

the   fe ldspar -quar tz  matrix'. They a l so   can   be   observed   a long   f rac tures  

i n  sanidine  and  quartz  phenocrysts.  

The  groundmass appears   to   be 'more   coarse ly   c rys ta i l ine   than   the  

u n b l e a c h e d   r h y o l i t e   f a c i e s ,   r e s u l t i n g   i n  a more granular   t ex ture .  

The f l u i d s   r e s p o n s i b l e   f o r   a r g i l l i z a t i o n   a l s o  may have  increased  the 

d e v i t r i f i c a t i o n   r a t e  and  thereby promoted t h e  development of l a r g e r  

groundmass crystals .   Experimental   invest igat ions  have shown that  t h e  

presence of aqueous f l u i d s   g e n e r a l l y   i n c r e a s e s   d e v i t r i f i c a t i o n   r a t e s  

(e.g., Lofgren, 1968) .  

, Porphyri t ic   Vitrophyre 

Three small but   bidely 'separated  masses  of rhyo l i t e   v i t rophyre  

a r e  exposed wi th in   the   Boi le r   Peak  dome, The  most continuous  exposure 
. .  

forms a cu rv i l i nea r   ou tc rop   pa t t e rn  along the  northwest  wall of . ' 

Paramount Canyon ( P l a t e  2). .The other   outcrop  area i s  i n   t h e   s o u t h -  



e a s t  map corner  along  Taylor Greek, whuro two  very smal.1 nlassos are 

exposed. 

Tho v i t r o p h y r e   i n  Paramount Canyon forms a l enso id  mass t h a t  

oan  be t r aced  more o r  l ess  continuously for a dis tanoe  of 5000 f e e t .  

A t  its southern  terminus; it appears  t o  pinch  out   in  a t h i n   s e c t i o n  

of tuff  and'tuff   breccia,   al though  here  exposures  are  poor.   At. the 

northern  end it thickens  and  thence  disappears   in  a th i cke r   py roc la s t i c  

s ec t ion .  Its contact w i th   t he   py roc la s t i c   rocks  i s  not  observed. 

. .  

The v i t rophyr i c   un i t  i s  genera l ly  l ess  than  50 f ee t   t h i ck ,   and  it 

reaches a maximum of about 70 f e e t -   i n   t h e   o n l y   d r a i n a g e   t h a t   c r o s s e s  . .  

the  unit . .  The rock is v e r y   b r i t t l e ,  l i k e  . typical   volcanic  glass, '' 

and is broken by c lose ly   spaced   ve r t i ca l   j o in t s  i n  groups 1 inch  

o r  l e s s  wide. A 50-foot  section of t h i s   v i t rophyre   nea r  i t s  southern 

terminus  reveals  the  following:.  an a l t e r e d   b a s a l   v i t r o p h y r i o   b r e c c i a ,  

10 fee t   t h i ck ,   ove r l a in   by ,   and   i n   sha rp   con tac t   w i th  a 6-inch 

b l aok ,   po rphyr i t i c   g l a s s   t ha t   g rades  upward into  reddish-brown, 

porphyri t io   vi t rophyre  mott led by b lack   lenses   e longated  parallel 

t o  t h e  lower contact   (Figs .  7 and 8).  The upper   sect ion i s  devoid 

of color   mott l ing,   and .is capped by a t h i n  pumiceous r h y o l i t e .  

Elsewhere,  vitrophyre  grades upward d i r e c t l y   i n t o   r e l a t i v e l y   f r e s h ;  

f low-layered,  lavender-colored  rhyolite  (Tdto).  

. .  

The rhyol i te   v i t rophyre  i s  porphyrit ic,   mith  phenocrysts 

of sanidine  and  quartz   enclosed  in  a g lassy   bu t   sphe ' ru l i t i c  matrix. 

Sanidine  forms  tablets, t h a t  are .25 t o  1 mm long,  euhedral 
.. 

t o  subhedral,  and'oompose 7 to .11   pe rcen t  of t he   rock   (F ig .  3 ) .  



Fig. 7. Basal portion,  about 15  f ee t  t h i c k ,  'of color-mottled 

Canyon. Unit d ips   gen t ly  t o  t h e   l e f t  (westward)  and  grades upward 
into  the  Taylor   Creek  Rhyol i te .  

porphyri t ic   vi t rophyre  exposed mid-way up t h e   n o r t h  mall of Paramount 

- 
. .. 

d i s t r i b u t i o n  of b lack   co lor   mo$t l ing   charac te r i s t ic  of t h e   b a s a l  
6 f e e t .  

Fig. 8. Detailed  view of vitrophyre,   showing  lensoid 



Opt ica l ly ,   t hoy   a ro   s imi l a r  t o  phenocrysts of t h e   o t h e r   u n i t s ,  b u t  
- 

s l i g h t   d i f f o r e n c e s  i n  exsolut ion  lamellae  and  opt ic  angle:; huvo  boen 

notod. The a l k a l i   f e l d s p a r  i s  disoussod  far ther  on. 

Quartz   phbnocrysts   oonst i lute  G t o  12  percent of the  rock.  

I n  a l l  o the r   a spec t s ,   qua r t z  is similar t o  t h a t  of other  rocks.  

Microphenocrysis are accessory,  and  do  not  exceed -2 percent 

of t he   rock  by volume.  Hornblende  forms  euhedral t o  subhedral 

o r y s t a l s  .25 t o  1.5 long. They are  both  zoned  and  twinned 

(Garlsbad),   and  they  contain opaque inc lus ions .  The outer   g ra in  

m a r g i n s   a r e   t y p i o a l l y   a l t e r e d  t o  iron  oxide.   Zircon is invar iab ly  

assoc ia ted  wi%h magnetite, commonly in   d i rec t   contac t .   h lagnet i te  

is a l t e r e d   g e n e r a l l y   t o   h e m a t i t e  and  l imonite or  goe th i te .  

The p h e n o c r y s t s   a r e   s e t   i n  a s p h e r u l i t i c   g l a s s  matrix, which 

f e a t u r e s   l o c a l   i n o i p i e n t .   d e v i t r i f i c a t i o n .  The g l a s s  i s  p,ale  yellovt- 

brown t o  reddish-brown,  and it encloses   spheru l i tes   ' a s   moh  as  2 m 

i n  diameter   (general ly  1 mm, or  l e s s ) .  The sphe ru l i t e s   a r e   co lo r  

zoned,  with  yellowish brown cores  and  red-brown rims, and  they  have 

a r a d i a l   s t r u c t u r e .  Many share  mutual  polygonal  boundaries. 

Nucleation of s p h e r u l i t e s   h a s  tieveloped  both on c rys ta l   faoes   and  

edges ,   and   in ' the  glass matrix. As much as 25  percent of t h e   g l a s s  

. .  

has   been   dev i t r i f i ed  t o  a cryptocrys ta l l ine   aggrega te  of un iden t i f i ab le  

material; where c r y s t a l l i z e d ,   q u a r t z  .and a l k a l i   f e l d s p a r  at-e i n t e r - .  

gr cvm . 
Flow-layering is .conspicuous i n   t h i n - s e c t i o n ,  where it is 

expressed by c o l o r   v a r i a t i o n s   i n   g l a s s ,   t r a i n s  of opaque d u s t ,  and 

a l t e rna te   pa t ches   and   l enses -o f   g l a s s  and devi t r i f ied   g lass .   Banding  

is deflected  and  contorted  around 'most, phenocrysts,   with some r o t a t i o n  
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of quartz ond sunidine  Non-concentric 

a re   w ide ly   obse rvab le   i n  the Glassy  portions o f  the  rock. 

.Flow-Breccia 

Rhyolite  f low-breocia  crops o u t  in  the  south\-/est   corner of t he  

map a r e a ,  where  two s e p a r a t e ,   , b u t   g e n e t i c a l l y   d i f f e r e n t  masses  have 

been  dis t inguished.  One forms a prominent  ledge a s  much as 100 f e e t  

th ick   th rough most  of its exposure,   a long  the south wall of Taylor 

Creek  canyon  near i.ts junot ion  with Paramount Canyon (Fig.  9). 

It dips  gently  southward  and  separates  gray t o  l a v e n d e r   r h y o l i t e ,  

which is l o c a l l y   q r g i l l i z e d  below,  from  unbleached,  -lavender-colored . .  

r h y o l i t e  above. Its lower  contact is sharp,   but   the ,upper   contaot  

is g rada t iona l   i n to   po rphyr i t i c ,   f l ow- laye red   rhyo l i t e   (Td tc )  -._ 
The flow-breccAa is. lavender t o  gray,   weathers   tan t o  brovm, 

and  contains  blocks o f  pumice and ,v i t rophyr io   rhyo l i t e .  Some o f ’  

these enclosed  blocks are 1 f o o t   c r  more i n  diameter  (Fig. 10). 

Pumiceous  blocks  have  weathered  out f r o m  some exposures ,   leaving  the 

rock   l oca l ly  vuggy or cave rnous ,   pa r t i cu la r ly   i n   t he   uppe r   pa r t  of 

t h e   s e c t i o n .  

. .. 

Based on t e x t u r a l   a n d   f i e l d   r e l a t i o n s h i p s ,   t h i s   b r e c o i a  

appears t o   r e p r e s e n t   p a r t  of a basal  f low-breccia,   marking  amore 

recent  advance of lava o u t p o u r i n g   i n   t h i s  area. 

The.   o ther   rhyol i te   breccia  .is less  ell defined. Its lower 

contact  is grada t iona lq i th .porphyr i t ic  rhyol i te   (Tdtc)   and  the  upper  

contaot  has  been removed by erosion.   Like  the  other   breccia ,  f low-  

l a y e r i n g  i s  no t   v i s ib l e ,   bu t  it lacks  the  blocky  inclusions of t h e  

pumice and  vitrophyre.  I ts  s t ra t igraphic   pos i t ion   near   the   wes te rn  
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i n  t h e   s o u t h  wall of Taylor  Creek canyon. View looking  east-south- 
east, with  Taylor  Peak (8288 f t )  i n  background. 

Fig. 9. Prominent’ledge of flow-breccia  (right.) as exposed 

Fig. 10. View of flqw-breccia i n  Fig.  9 ,  nea r   t op  of a 
-100-foot  section. Note blocks of pumice ( P ) ,  vuggy appearance, 
and . l aok  of f low-layering. Hammer f o r  s ca l e .  
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margin of t h e  dome, and in the  upper pcwt of t h e  r h y o l i t e   s e c t i o n ,  

sugges t s   t ha t  it may represent  a more rapidly  cooled  crust  of r h y o l i t e ,  

poss ib ly  a "brecc ia   cnrapce"  t h a t  was broken and contor ted as it was 

c a r r i e d   a l o n g   t h e   t o p  of a l a r g e ,  moving mass of rhyo l i t e .  

Miaro l i t i c   Rhyol i te  c 

Tvro occurrence's of m i a r o l i t i c   r h y o l i t e  have  been  recognized 

' i n  the s tudy  area.  The  more.promin8n-b one i s  exposed  on the   nor th  

rim of Paramount Canyon near   the  west edge of P l a t e  2. Here, t h e  

B ia ro l i t i c   un i t ,   de l t a - shaped   . i n   p l an ,   g rades  upward and downward 

in to   dense ,   po rphyr i t i o   rhyo l i t e   (Td tc ) .   po r t ions  of t h e   t o p  of 

t h i s   u n i t  have  been-beveled by erosion,   but   extensive  outcrop is  

l i m i t e d   t o   t h e  main  canyon wall. Flow-layering,  accentuated by t h e  

vuggy nature of t h e  rook  and by l i t hophysa l   s t ruc tu ros ,   d ips   gene ra l ly  

t o  n e a r   v e r t i c a l  on the  north  s ide.   Judging f rom the  f low-layering, . .  

t h i s   m i a r o l i t i c   f a c i e s   a p p e a r s   t o  form par t  of t h e  margin of a l o c a l  

dome, or a n t i o l i n a l   s t r u c t u r e .  And, t h i s   s t r u c t u r e  i s  r e l a t e d   t o  

primary flow, no t   t eo ton ic   ac t iv i ty .  

. .  

.. 

The m i a r o l i t i c   f a c i e s  i s  unusual,   both  texturally  and  mineralo- 

g i c a l l y ,  and 2t provides c r i t i o a l  informat ion  regard ing   the   genes is  

of t h e  TayLor Creek t i n  deposi ts .  The rock is  l ight   gray,   weather ing 

t o  pa l e  orange-brown. It is porphyri t ic ,   wi th  numerous vugs  and 

l i thophysae  that   are   abundant   but   unequal ly   dis t r ibuted.  The miaroles 

are irregularly  shaped,  .while  the  l i thophysae  ("stone  bubbles") 

are lobe- l ike   in   appearance ,   fea tur ing  numerous concent r ic   she l l s .  

Both  types of oav i t i e s   t yp ica l ly   r ange  from about 8 t o  12 mm i n  
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diameter.   These  features  are  enlorgod sornevJhat in .weathered ' rock ,  

where  they  holp t o  def ine  the  f low-layering  (Pig.  11). 

Phenocrysts of quartz ,   sanidine,   and minor p l ag ioc la se   a r e  

s e t  i n  a d e v i t r i f i e d  groundmass  of t h e   m i a r o l i t i c   f a c i e s .  The 

phenocrysts   are   not iceably  smaller   than  those  in   the  other   rhyol i te  

units.   h-imary  aooessory  minerals  include  zircon,  magnetite,   and , . 

f a y a l i t e  (?). B i o t i t e  and  hornblende  are  absent.  The  groundmass 

i s  l a r g e l y   d e v i t r i f i e d   t o   f e l s i t i c  o r  s p h e r u l i t i o ' a g g r e g a t e s  of K- 

f%dspar   and   quar tz ,   wi th   assoc ia ted  minor c r i s t c b a l i t e ,   t r i d y m i t e ,  
I 

and.  chalcedony. 

r \ l  

Minerals  within  the  miaroles  and  l i thophysae.  An unusual 

s u i t e  o f  minerals  occurs  in  the  miaroles  and  l i thophysae.  It inc ludes ,  

- - 

, '  i n  approximate  order of decreas ing   abundance ,   quar tz ,   a lka l i   fe ldspar ,  

hemati te ,  bixbyito,.pseudobrookite, monazi te ,   cass i te r i te ,   and   topaz .  

Z e o l i t e s ,   f l u o r i t e ,   c a l c i t e ,  2nd andradi te  were recognized  previously 

. .  ( F r i e s ,   S c h a l l e r ,  and  Glass, 1942), but  these  phases were not  observed 

during  the  course of the  present   s tudy.  

Topaz was observed in   th in-sec t ion ,   bu t   no t   in   heavy-minera l  

s e p a r a t e s .   P r o b a b l y   t h e   b e s t   l o c a l i t y   i n   t h e   d i s t r i c t  f o r  t h i s  

' mineral i s  Round'Mountain,  south of t he   s tudy   a r ea ,  where c o l o r l e s s  

t o  pa le   ye l low  c rys ta l s   as  much as 2 om long ocour i n  t h e   r h y o l i t e  

l i thophysae  (Ericksen  and  others ,  1970) a n d   o t h e r   o r y s t a b   a r e   i n   t h e  

.main body of t h e   r h y o l i t e .  

' An.unusually f i n e  specimen of c o l o r l e s s   t o p a z ,  a c r y s t a l  7.5 nun 

long,  was obtained  during  the  present   s tudy  f rom  j ig   concentrates  

a t  an abandoned mill e a s t  of Paramount Canyon i n  upper  Savmill Canyon, 

Its sharply  def ined morphology sugges ts   c rys ta l l iza t ion   vr i th in  a 
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Fig. 11. Migrol i t i c ,   l i thophysa l   rhyol i te   exposed  on north 
rim of Paramount  Canyon.  Vugs, a l igned   pa ra l l e l   w i th   t he  fiovr- . 
layering,  have been enlarged  through  .\ 'reathering. Hammer f o r   s c a l e .  

Fig. 12 -  Hand specimen of n i a r o l i t i c   r h y o l i t e ,   f e a t u r i n g  
l i t hophysa l   s t ruc tu res  and a .cube 'of   b ixbyi te ,  2 mm on an  edge, 
t ha t   has  grown wi th in  a l i thophysa l   cav i ty .  
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r h y o l i t e   c a v i t y  o r  ve in lo t .  C e l l  refinamenis of t h i s   c r y s t a l  are 

recorded below. The ce l l   d imens ions   a r e   o lose ly  similar t o   t h o s e  

of fluorotopoz €ound i n   o t h o r   r h y o l i t e  occurrences (e .g . ,  Mexico and 

Utah) .   Sevoral   invest igat ions o€ topaz  (Rosenberg,  1967;  Ribbc  and 

Gibbs, 1971;  Doer, IIowie, and Zussman,  19G2) have shown t h a t   t h e  

0II:F r a t i o  i s  the   on ly   major   chemica l   var ia t ion   in   the   formula , '  , 

A12[Si04] FH,F]e. Subs t i t u t ion  of l a r g e r  OH- f o r  F- expands t h e  

u n i t - c e l l ,   p a r t i c u l a r l y  i n  a d i r e c t i o n   p a r a l l e l  t o  the - b-ce l l   edge ,  

with a consequent  decrease i n  2V and  density.  It has been  suggested 

t h a t   a n   i n c r e a s e  i n  0H:F r a t i o   p r i m a r i l y   r e f l e c t s   h y d r o l y s i s  as a 

func t ion  of decreasing  temperature  (Rosenberg,  1965). ' 

TABLE I 

Unit-cell   dimensions  and  optic axial angles  
of  some na tu ra l   t opaz   c rys t a l s  

Loca l i ty  

Black Range, N. Mex. 

Durango, Mexioo* 

8.390  8.797  4.643 342.69 
.002 .001 .001 .17 

.001 .001 .001 

- 
8.394  8.789  4.652  343.20 68.0' 

San  Luis  Potosi,  hbxico* 
8.396 8.794  4.651 343.40 67.0° 
.001 .001 .001 

*Data from  Rosenberg,  1967, p. 1891. 

The oxide minera1.s discussed below appear t o  have   c rys ta l l ized  

penecontemporaneously  within  cavit ies  and  l i thophysae  of  the  rhyolite.  

Only.the  upper  part of t h i s   m i a r o l i t i c   f a c i e s ,  exposed at  t h e  canyon 

. .  

rim, conta ins   cav i t ies   bear ing , these   minera ls .  All four   speoies  have 
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not  been  observed  within a s ingle   cavi ty ,   but   pairs   such as homatite- 

c a s s i t e r i t e ,  homstite-pseudobrookite, and  bixbyite-pseudcbrookite 

a r e  comqon. 

Hematite,   the most abundant of the  oxide  minerals,  occurs  both 

i n  cavi t ies   and  i n  v o i n l e t s  of c a s s i t e r i t e  and  hematite. It is 

invariably  specular ,   appearing as th in   hexagonal   p la tes  1-3 ma i n  

diameter.   These  plates  are  fresh  and weakly  corroded. The hematite 

commonly is  in te rgrown  wi th   cass i te r i te ,  which a l s o  forms c r y s t a l l i n e  

encrus ta t ions  on some hematite  plates  and  aggregates. of p la tes .  

Six c r y s t a l s  of specu la r i t e ,   a s soc ia t ed   bu t  n o t  intergrown 

w i t h   c a s s i t e r i t e ,   f r o m   d i f f e r e n t   c a v i t i e s   i n   t h e   m i a r c l i t i c   f a c i e s  

were analyzed by electron'  microprobe' for t i n  content,   with results 

recorded   in   the   fo l lowing   tab le .  A l l  these  analyzed  grains   appear  

-.. 

TABLE I1 

Tin content of hematite,  Paramount Canyon 

E 
F 

Average 1.6 

'Analyses  were made on an  Applied  Research  Laboratories EMX-SM 

Instrumental  e r rors  were corrected,   but  no matrix oor rec t ions  were 
electron  microprobe,   us ing  high-puri ty   cassi ter i te  as a t i n   s t a n d a r d .  

appl ied.  
. .  



homogeneous in   po l i shed   s ec t ion ,  and  tho  consider iblo  var ia t ion i n  

t i n  content  appears t o  r e f l ec t   t rue   d i f f e rences   i n   compos i t ion  of t h e  

hematite. 

Bixbyite,  (Fe,l~h)203, i s  a r a re   mine ra l   f i r s t   desc r ibed  f r o m  

t h e  Thomas Range,  Utah, by Penfield and Foote  (1897).  Specimens 

were later recognized  from  the  Black  Range,  and were discussed 

b r i e f l y  by F r i e s ,   S c h a l l e r ,  and Glass (1942)  and by Mason (1943). 

The bixbyi te  i n  t h e  Paramount Canyon area occurs most commonly as cubes 

.as much as 2.5 mm on an edge.  Both individual   cubes and penet ra t ion  

. .  

twins  have  been  found i n  heavy-mineral  separates. Some of the  cubes 

are modified by octahedron  faces .   Several   octahedral   crystals  of 

b ixbyi te   tha t   encrus t  one rhyol i te   f rac ture   sur face   a re   modi f ied .by  

' dodecahedral  faces. 
. .  

. .  Most of the   l a rger   c rys ta l s   a re   sharp   and   f resh   in   appearence  
t 

(Fig,   12),   but  edges o f  t h e  smaller cubes commonly are corroded o r  

rounded.  Well-defined  growth  zoning can be  observed i n  polished 

' s ec t ion ;   t he   g rowth   l aye r s   gene ra l ly   a r e   pa ra l l e l   t o  cube  faces 

(Fig.   13) .  They are  expressed by narrow  bands o f  con t r a s t ing   r e f l ec -  

t i v i t y ,  commonly de l inea ted  by l i n e a r   p i t s   i n   t h e   p o l i s h e d   s u r f a c e .  

The composition of bixbyite  recorded  in  Table 111 represen t s  

an  average  for one c r y s t a l  that was found  t'o'be inhomogenoous with 

respec t  t o  major  elements. The content  of Fe 0 ranges f r o m  32.8 

t o  46.6 percent,   and  that  of Ivh203 from 49.3 t o  63.6 percent. 

Bixbyite' f rom the  Black Range i s  more manganese-rich  than  analyzed 

specimens f r o m  t h e  Thomas Range (F r i e s ,   Scha l l e r ,  and Glass, 1942; 

S taa t z  and Carr, 1964) .   In   addi t ion,   the   content  of Sn (0.5 percent 

is s ign i f i can t ly   h ighe r   t han   t ha t  of U t a h  b ixbyi te  (.05-0.1 percent  Sn),  

2 3  



Fig, 13. Photomicrograph of  grovrth zoning i n  b ixby i t e ,  
Black Range. Pol ished  Sect ion,   .polar ized light, 115x. -.. 

38 

Fig.  14. Hemati-te blebs  in   pseudobrooki te .   Pol ished  sect ion,  
p o l a r i z e d   l i g h t ,  230x. 
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which i s  assooiat,od with bery l ,   ga rne t ,  and topaz, ,   but n o t  v~.ith 

c a s s i t e r i t e   ( S t a a t z  and Cam, l9C4). 

TABLE I11 

Composition of b ixby i t e ,  Paramount Cenyon 

- 
' ' Microprobe  analysis 

of one c r y s t a l ,   t h i s   s t u d y  1 
( F r i e s ,   S c h a l l e r ,  and  Glass,  1942) 

Approximate a n a l y s i s  

Si02 - - 
=2O3 

0.3 ' .  0.47 

FeO - - 
Fe203 41.4" 42.54 
Ti02 1.4b . .  1.57 

Mn203 

. .  
55.9" 51.92 

Me0 - - 
CaO - tr . 
Sn02 0.6 tr . 
Inso luble  . 2.21 - 

99.6 
c 

- 
98.71 

. .  
a 

bTotal  T i  a s  Ti02  

T o t a l  Fe as Fe203 

C 
T o t a l  Mn .as Mn203 

Pseudobrookite  (Fe T i 0  ) forms b l a c k ,   a c i c u l a r   c r y s t a l s  ,5 t o  
2 5  

2 mm l o n g ,   g e n e r a l l y   i n   a s s o c i a t i o n  wi th  bixbyi te .   These  crystals  

occur   both  individual ly   and as t iny   s emi - rqd ia l   c lu s t e r s .  Many a r e  . 
s t r i a t e d   l o n g i t u d i n a l l y ,   p a r a l l e l  t o  t h e  0-axis. Some appear t o  have 

been  corroded,  but most a r e   cha rac t e r i zed  by sha rp ly   de f ined ,   l u s t rous  

f aces .  

. .  

'Bixbyite from t h e  Thomas Range,  Utah was used as a standard.  . 
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Of t h e   t h i r t y   g r a i n s  of pseudobrooki te   that  woro separatod 

and mounted for   spocial   s tudy,   about   one-third  contain  vermicular  

b l ebs  of hemati te  a few microns wide (F ig -  14) .  T h i s   f e a t u r e ,  which 

probably   represonts   exso lu t ion ,   appears   to  be  most common among t h e  

grains   forming  semi-radial   c lusters . .  The hemati te  is most abundant 

st the   base  of the   p seudobrook i t e   c rys t a l s ,  where t h e y   j o i n   t o  form 

t h e s e   c l u s t e r s .  

A microprobe  analysis of pseudobrookite  from  the Paramount 

Canyon looa l i t y   y i e lded   t he   va lues   r eco rded   i n   Tab le  N. Ind iv idua l  

TABLE N 

". Composition of pseudobrookite 

'.. Paramount Canyon, 'Thomas Range, Ca lcu la t ed  
Black  Range, N. Mex. Utah  (Palache,  1935) . composition 

Fe203 '65-7 60.57 66.6 

Ti02 31.5 3% .12 33.4 

Mn02 2.4 - 
' MgO - 1.26 

snoz 1.3 - - - 
100.9  99.95 100.0 

'Pseudobrookits  from a d a c i t e  on Nevis, West I n d i e s ,  mas used as a 
s tandard ~ 

c r y s t a l s  of pseudobrooki te   that   lack  blebs of h e m a t i t e   a r e   r e l a t i v e l y  

homogeneous. Wi th in   an   i nd iv idua l   g ra in ,   t he   con ten t  of Pe and T i  

does not  vary  by more than .5 percent.  The t in   conten t ,   about   double  

%ha$ of the   b ixbyi te ,   p robably   represents  a s u b s t i t u t i o n  of Sn 

f o r  

4 4  
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The composition of 13lnck  Rango pseudobrookite  closely  approxi- 

mates the   ca loula tod ,   idea l   formula .  Spocimens  from IJt'ah a r e   r e l n -  

tiv01.y r i c h   i n  ti'lanium,  but t h i s  may bo due t o  i n t e r p o w 1   r u t i l o  

(Palache,  1935). It has  beon  found  that  pseudobrookite may a l s o  

contain.approciab1e Mg and Mn (Ottemann  and  Frenzel,  1965). I n  a 

microprobe  study of  29 specimens,   largely  from  volcanic  rocks i n  

wes ternEurope ,  some pseudobrookite was found t o   c o n t a i n  as muoh as 

3.9.percent  MnO and 20.9 percent MgO, 

C a s s i t e r i t e   o c c u r s   i n   o a v i t i e s ,   p r i m a r i l y   w i t h   h e m a t i t e ,  

and   i n   ve in l e t s   w i th   qua r t z ,   t opaz ,   hema t i t e ,  and a l k a l i   f e l d s p a r .  

I n  the c a v i t i e s  it forms  stubby t o   p l a t y   c r y s t a l s . t h a t   a r e . r u b y  

red   and   ra re ly   exceed  1 mm'in maximum dimension.  They  "are  zoned, 

and  twinning commonly i s  recognizable ,   in   po l i shed   sec t ion   (F ig .  15 ) .  

Most of t he   tw in   l ame l l ae   a r e   pa ra l l e l ,   whereas   o the r s   i n t e r sec t  t o  

form wedge-shaped p a t t e r n s .   I n t e r n a l   r e f l e c t i o n   c o m o n l ~  i s  expressed 

i n  shades of yel low,   violet ,   and  green.  

c 

In its c lose   assoc ia t ion   wi th   specular   hemat i te ,   the   cass i te r i te  

occurs  as both  overgrowths  and  intergromths. I n  some v e i n l e t s  it 

a p p e a r s   t o  comprise numerous growth p l a t e s ,   s t acked  one upon another 

and   couponly   para l le l   to   under ly ing   p la tes  of hernatite. 

Cassiteri te '   has  not  been  observed  coating, or intergrown  vrith, 

b ixby i t e  o r  pseudobrookite. A spec t rographic   ana lys i s  of a clean 

concentrate  of c a s s i t e r i t e  from  Paramount Canyon indica tes   the   added  

presence of i r o n  and t r a c e  amounts of t i t an ium  and   s i l i ca .  The content 

of ,5110 ranges  from  92.2 t o  97.0 percent.  
2 

Temperature - of formation of oxide  minerals.   Phase  relations 
" 

per t inen t   t o   occu r rences  of bixbyite  and  pseudobrookite  have  been 
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of  hematite, Pol ished  sewtion,   obl iquely  crossed  polars ,  115x. 
Fig, 15. Twinned c r y s t a l  of cass i te r i te   wi th   enc losed   b lade  
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inVQSiigaiQd  experimontally  during  the p h s t  t h i r t y  'y+ars. P r i n c i p a l  

phases were first es tab l i shed  by Mason (1943)  for t i?+ system 

FQ~O~-MII 0 from 400 t o  1000°C at a pressure of 1 a?:,. This   s tudy 

was l a t e r  improved  and  extended t o  1585°C  (Lfuan and :"oijra, 1962).  

' The s t a b i l i t y   f i e l d  of bixbyito,  (Un,Fe)203, 2.S reprQSQlltGd 

i n   t h e  lower r igh t   co rne r  of Figure  17.  A t  equi l ibr ium,  a p a r t i a l  

s o l i d   s o l u t i o n   s e r i e s  between Mn 0 and Fe2O3 is c a r z b l e  of 

d i sso lv ing  40 t o  64 weight  percent  Fe2O3.in  the  temperature  interval 

600-997OC. T h i s   s e r i e s   y i e l d s  Mn203 and   te t ragonal  !An 0 or s p i n e l  

so l id   . so lu t ion  at the  composition-sensit ive  temperatxres  ranging  from 

2 3  

2 3  

3 4' 

a77 to 997013. 

The.composition of one bixbyi te  cube  from P a r a n o u t  Canyon, 

as determined by microprobe  analysis  (Table 111), is  p l o t t e d   i n  

Figure 16. Crystal   inhomogenei ty   ref lects  a range 05 32.8 t o  46.6 

percent .Fe203, with an average  of 41.1 percent.   Considering  bixbyite 

as pure (Mn,Fe) 0 by adding  the amounts  of Sn and T i ,  v/hich.most 

l i k e l y   s u b s t i t u t e   f o r  Fe , t o  the  average Fe 0 .  percen tage ,   ' t he  compo- 

s i t i o n  becomes Fe 0 = 44 percent ,  Mn 0 = 56 p e r c e n t ;   t h i s  i s  p lo t t ed  

as the  average f o r  t h i s   c r y s t a l   i n   t h e   b i n a r y   d i a g r m .   R e f e r r i n g  

t o  the d a t a  of Muan and S5mmij.a (1962) ,   b ixbyi te  of th i s   composi t ion  . 

would yield  hemati te   and Mn203 a t  675OC, and  above 945OC it would 

y ie ld   sp ine l   and  Mn 0 t h i s   e s t a b l i s h e s  a " s t a b i l i t y   r a n g e , "   f o r  

equi l ibr ium  condi t ions,  of 270' a t  1 atm (Po = .25). 

. .  

2 3  

2 3  

2 3  2 3  

2 3; 

2 
Pseudobrookite, a widespread  mineral, i s  found i n   v o l c a n i c  

rocks   ranging   in   composi t ion   f rom  basa l t   to   rhyol i te .  Members of t h e  

pseudobrookite (FeZ!€iO )-ferropseudobrookite  (FeTi 0 ) series genera l ly  

are oxidation  products of $itsno-magnetite o r  i lmen i t e  i n  s u b s i l i c i c  

5 2 5  
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oxide   in  air. ( a f t e r  Lluan and S h i y a ,   1 9 6 2 ) .  
F ig .   16 .   Phase   re la t ions   in  t h e  system i r o n  oxide-manganese 

FeTi705 Fe 2Ti 0, 
I 1 I I 1 I 1 I I 

1140*10 r,, 

1100-\\ x, 
- 

\ 
\ 

\ 

- 
- 

T"C - 
Pseudobrookite, 

ILMENITE,, Poromount Canyon 
700 

RUTILE 
600 

RUTILE 
I I I t I I I I I 

FeTiO3++TiO2O 20 30 40 , 50 60 70 80 90 Fe20$Ti02 
. .  

Fig. 1'7. Phase r e l a t i o n s   i n   t h e  ferropseudobrookite-pseudo- 
l j rooki te   ser ies   (af ter   Haggerty  and  Lindsley,  19'70). 
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rocks  ( E & .  , Buddington  and  Lindsley, 19G4; Carmichael,  1967; l Ia~zor- :y  

and  Lindsley,  1970;  Ottemsnn  and  Frenzel,  19G5), or as a c i c u l a r  

c r y s t a l s   l i n i n g   c a v i t i e s   i n   s i l i c i c   v o l c a n i c   r o c k s   ( P a l o c h e ,   1 9 3 5 ;  

F r i e s ,   S c h a l l e r ,  and Glass, 1942).  Pseudobrockite a l so  has  been 

observed i n   t h e   f l u e s  of a soda  factory as an  apparent  ,product of 

sublimation. 

Above 115OoC, a comple t e   so l id   so lu t ion   s e r i e s   ex i s t s   be t aeen  

Fe Ti05  and  FeTi 0 i n   t h e   d r y  system FeO-Be203-Ti02 (Akimoto, 

Nagata, and  Katsura,  1957). The Ti0  /Fe 0 mol r a t i o  i n  n a t u r a l   s p e c i -  

mens ranges  from 1.1 t o  3.5 (Ottemann  and  Frenzel,  1965). I n  experi-  

mental s tud ie s ,   t he   t i t an ium  oon ten t  of synthetio  pseudobrookite 

has  been show  to   decrease   wi th   lower   t empera tures  of c r y s t a l l i z a t i o n  

(Haggerty  and  Lindsley,  1970). The pure  ferropseudobrookite  end- 

member has  not  been  observed i n  nature. The limits of so l id   so lu t io l l  

have not   been  olosely  es tabl ished a t  most lower  temperatures,  owing 

i n  p a r t   t o   s l u g g i s h   r e a c t i o n s  i n  th i s   thermal   range   (Hagger ty   and  

Lindsley,   1970).   Phase'   relations above 1400'C are h o w   t o  be  complex 

(MaoChesney and Muan, 1959). 

2 2 5  

2 2 3  

7 

I n   d e t e r m i n i n g   s t a b i l i t y   r e l a t i o n s   f r o m  750' t o  l'L5O'C 

(Big.  17),  Haggerty  and  Lindsley showed t h a t   t h e   s o l a t i o n   s e r i e s  i s  

n o t   l i n e a r  as formerly assumed.  The pseudobrcokite end-meaber breaks 

down t o  form hemat i t e   and   ru t i l e  a t  585 + 1 0 ° C ,  as determined by 

hydrothermal  experiments a t  2 kb  and.with f con t ro l l ed  by hemati te  +. 

hydrogen  peroxide  buffer. The pseudobrookite from t h e   a l a c k  Range 

is similar i n  composition t o   t h e   c a l c u l a t e d  end-member. 

- 

O2 



If data from  experimental   studies of comparable  synthetic 

systems are r igo rous ly   app l i ed ,  a minimum crykta l l iza t ion   tompera ture  

of 585OC can be  assigned t o   t h e  pseudobrookite  and a corresponding 

minimum temperature of 675'C t o  the   bixbyi te .   Several   complicat ing 

f a c t o r s  are apparent ,  however.  Iqatural c rys ta l   inhomogenei t ies ,  

par t icu lar ly   ' in   b ixbyi te ,   compl ica te   any   appl ica t ion  of r e s u l t s  from 

s y n t h e t i c   s t u d i e s  of homogeneous materials. Nor have t h e   e f f e c t s  of 

Sn and/or T i  s u b s t i t w t i o n   f o r  Fa on the   r anges  of phase s t a b i l i t y  

of bixbyite  and  pseudobrookite  been  determined.  Further,   the  effeots 

of pressure ,   inc luding  p and po , have  not  yet   received enough 

c r i t i c a l   a t t e n t i o n  for any  of the   per t inent   sys tems to w a r r a n t   s t r i c t  

a p p l i c a t i o n  t o  thwnatural   mineral   assemblage  here   s tudied.  

Hz0 2 

Despite the complications  inherent  in  comparing  the natural  

and  synthetic  systems, it seems reasonable   to   conc lude   tha t   the   ox ide  

m i n e r a l s   c r y s t a l l i z e d  at temperatures  of 600°C or  higher .   This  tem- 

pera ture   range  is somewhat h igher   than   tempera tures   repor ted   for  most 

t i n  depos i t s .  The tempera ture   in te rva l  most f r equen t ly   c i t ed  i s  

300 t o  500°C (e.g., Lindgren, 1933; Schneiderh'dhn,  1955; L i t t l e ,  

1960).  There  appears t o  be l e s s  agreemenli  on the ' tempera tures  of t i n  

mine ra l i za t ion  i n  r h y o l i t e .  For example, i n   t h e  Mexican r h y o l i t e  

associat ion,   Foshag  and  Fr ies   (1942)   and Valle (1960)  have  postulated 

high  temperatures  (600' and  above) f o r  the   cass i te r i te -Eemat i te  

veinlets ,   whereas  Ypma and Simons (1969)  advocate  very low temperatures  

(120°C and lower ) ,  based on t h e   a s s o c i a t i o n  of wood-tin  with  native 

bismuth,  antimony  oxides (?) ,  and  lead  arsenate .  However, t he   poss ib l e  

occurrence of c a s s i t e r i t e   i n   m i a r o l i t i c   c a v i t i e s   i n   t h e  Mexican 

. .. 
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rhyoliLos  has  not boen discussed by any of  t h o . i n v e s t i g a t o r s  montioned 

-above. 

Discussion. The presence of m i a r o l i t i c   c a v i t i e s   a n d   l i t h o -  

physae  s t rongly  suggests   that  a gas pLase was evolvod  during  cooling 

of t h e   r h y o l i t e .  Also, t h e  penecontomporane.ous c r y s t a l l i z a t i o n  of 

cas s i t e r i t e   w i th   b ixby i t e ,   p seudobrook i t e ,   and   hemat i t e   i n   t hese  

c a v i t i e s   e s t a b l i s h e s  a gene t i c   ro l a t ionsh ip  between t i n   m i n e r a l i z a t i o n  

and t h e  primary  ooolSng h i s t o r y  of t ho   rhyo l i t e .   Th i s   gene t i c  rela- 

t ionship  probably  extends t o   t h e   t i n - b e a r i n g   v e i n l e t s ,  which are 

f u r t h e r   d i s c u s s e d   i n   d e t a i l  below. 

The t r a n s p o r t  of t i n  and  iron  in  an'aqueous  gas  phase  has  been 

v e r i f i e d  by f ie ld   obsorva t ion   and   has   been   inves t iga ted   exper imenta l ly .  

Fumaroles at  Showa-shinzan, Japan show t r a c e   q u a n t i t i e s  of t in .  

Chemical  analyses of . fumarol ic   gases  by Nemoto and  others,  (1957) . 

f u r t h e r  show an  increase  in   ce ' r ta in   metal   concentrat ions  with  tempera-  

t u r e .   T i n   c o n t e n t   i n  some of these  gases  a t  220'C is  .001 ppm and a t  

76O0C is .03 ppm, represent ing  a 30-fold  increase.   Zies  (1924,  1929) 

found  magnetite  sublimates  in  the  Valley of  Ten  Thousand Smokes, 

Alaska t o  be  enriched i n   t i n  (400 ppm at 239OC) and many other   metals .  

. .  

. .  

Experimental   studies on the   vapor   t ranspor t  of t i n  and iron 

have  emphasized the  importance of h a l i d e s ,   p a r t i c u l a r l y   c h l o r i n e ,  

which i s  bel ieved t o  form a ch lor ide  complex with  these  metals .  

This'  complexing i s  enhanced by t h e  abundance of  H C 1  i n  some volcanic  

gases  (e.g.,  Valley 'of Ten Thousand  Smokes), and by t h e   r e l a t i v e l y  

high  vapor  pressures of ch ior ide  compounds. I ron   has  been v o l a t i l i z e d  

from  clay  pots  and  precipite4ed as hemat i te   th rough  the   ac t ion  of 

chloride  vapor  from 1000 t o  1lOO"C (hlerwin  and Hos te t te r ,   1919) .  



Krau,skopf (19G4) poirrled out. t l ~ a t  t i n  l l a s   app rec i ab le   vo la t i l i t y  a t  

82'7OC, under low p a r t i a l   . p r e s s u r e s  of oxygen and  sulfur,   whereas 

a t  lower t empera tures ,   s ign i f icant   concont ra t ion  of t i n  as Sncl  

i n  vapor would requi re   h igh   par t ia l   p ressure  of  oxygen and r e l a t i v e l y  

4 

high H C 1  pressures. Many fumaroles,  however,  contain l i t t l e  o r  no 

de tec tab le  €IC1 (White  and  Waring,  1964). 

. .  

Some experiments   suggest   that   chlor ine may not  be necessary 

t o   t r a n s p o r t  i ron ,  and  perhaps t i n  as well. The t r a n s p o r t  of i r o n  

i n  a chlorine-poor  aqueous  vapor  phase  has  been  demonstrated'  convin- 

c ingly  by Martin and  Piwinskii   (1969).   Isothermal  and  polythermal 

experiments were oonducted on calc-alkal ine  plutonio  rocks  between 

1.25  and 10 kb  In   experiments   involving a temperature   gradient ,  

i r o n  was leached by an aqueous  vapor a t  a temperature  of 700'C; . 

t ranspor ted  down the  temperature   gradient ,   and  deposi ted as specular  

p l a t e s  of hemati te  a t  450 t o  500°C. No profound e f f e c t  of G1, F,  

C 0 2 *  and S content  of t he   rocks ,  o r  of the  presence o r  absence of a 

melt phase was noted i n  t h i s   s t u d y ,  and "The add i t ion  of hydrochlor ic  

a c i d  o r  of a lkal i  oh lor ides  t o  the  system  rock-water  thus seems 

unnecessary t o  produce . the   f rao t iona t ion  phenomene observed"  (Martin 

and  Piwinskii,  1969, p. 801). 

2 

.. 

The c r y s t a l l i z a t i o n  of i r o n  as hemati te   ra ther   than  magnet i te  

w i t h i n   t h e   r h y o l i t e  i s  ind ica t ive  of a highly  oxidizing  emironment.  

Data obtained  from  experiments  conducted at  6OO0C and P = 1000 atm 

suggest a l l  i r o n   i n  a vapor  phase  should  crystall ize as hemati te  

above Po = atm (Krauskopf,  1957). 

. 

2 
The apparent   concentrat ion of metals ,   including  Sn,  Fe, 

Mn, and   T i ,   w i th in   t he   mia ro l i t i c   un i t   nea r   t he   t op   o f   t he  flow-dome 
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is analogous t o  the onrichmoA of some mol.ols in   tho  cupola   aroos of 

g r a n i t i c   s t o c k s ,   o r   i n   t h e  roo f  port ions of some peematitos. 

Pyroolast io  Rocks  (Tdp) - " 
I n  the   Taylor   Creek   d i s t r ic t ,   pyroc las t ic   rocks   a re   widespread ,  

both as i n t e r l a y e r e d   d e p o s i t s  vtithin r h y o l i t e  flow-domes and as 

penecontemporaneous depos i t s   marg ina l   t o  them. I n   t h e  map a r e a ,  

pyroclast ic   rocks  found  around  the  eastern  margin of t h e  dome a r e  

n e a r l y   f l a t - l y i n g  and in   gene ra l   a r e   j ux taposed   aga ins t   rhyo l i t e .  

A p a r t i a l   s e c t i o n  of Gila Conglomerate i s  down-faulted  against 

pyroolas t ic   rocks  i n  the   ea s t - cen t r a l   po r t ion  of s eo t ion  30. I n  t h i s  

same area, one  of the  th ickes t   pyroc las t ic   seo t ions   . (about  105 f e e t  

by hand-level  measurement) i s  exposed i n   t h e  vtalls of a narrow  canyon. 

The  lower 47 feet  is massive tuf f   b recc ia ,   whi te   to   l avender   and  

weathering  dark gray t o  brown,, T h i s   u n i t  i s  ove r l a in  by 60 f e e t  of . 
t h i n -   t o  medium-bedded tuf f  and tu f f   b reoo ia ,  creamy t o  yellowish 

and weather ing  tan t o  brown. This  sequence i s  overlain.by broJ/n, 

tuffaoeous  sandstones of t h e  Gila Conglomerate. 

The .pyroolas t ic   rocks   a re   dominant ly   c rys ta l -bear ing   v i t r ic  

t u f f s .  The o rys t a l   phenoc la s t s   a r e   oh ie f ly   s an id ine  and qua r t z ,  

with minor p lag ioc lase   and   the   usua l   rhyol i te   kocessory   spec ies .  

Sanidine  and  quartz  amount t o  . .  9 t o   1 2 . p e r o e n t  of t h e   r o c k ,   v i t h  .seni- 

dine  generally  dominant.  

The prominent  exposure of pyroclast ic   rooks  in   northern  Para-  

mount Canyon is similar. Viis sec t ion   reaches  a maximum th ickness  

of about 400 f e e t ,   a n d   i n c l u d e s   v i t r i c   t u f f   a n d   t u f f   b r e c c i a ,  p i &  

t o  cream i n   c o l o r .  The t u f f s  &re .thin-bedded i n   t h e  lower p a r t ,  but 
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more massive i n   t h o  middle  and  upper pa r t s .  The t o t a l   s e c t i o n  

s t r i k e s   g e n e r a l l y   n o r t h e a s t ,  and d ips   gent ly  t o  the  northwest.  

One o ther   pyroc las t ic   depos i t  i s  exposed as a curvil . ineor 

band on the  ncrthvrest  wall of Paramount  Canyon, southwest cf t he  

sec t ion   j u s t   desc r ibed .  It can be t raced   d i scont inuous ly  a l i t t l e  

more than 200 f e e t ,  and  pinches cut at  both  ends. A r ep resen ta t ive  

sec t ion   inc ludes   the   fo l lowing:  30 f e e t  of basa l ,   t h in -bedded   t u f f ,  

cream t o  tan,   wi th   included  f ragments  of pumice and g l a s s   a s  much as 

2 inches i n  diameter . (Fig,  18). Tho base is covered.   This   sect ion 

is. channeled  and  disconformably  overlain by approximately 66 f e e t  

o f  b r e e c i a ,   t a n  t o  l i g h t  brown, w i t h  boulders of r h y o l i t e  10 f e e t  

i n  diameter .   This  is overlain.,  with a sharp  conta'ct, by thin-bedded 

tuff ,  t a n  t o  l i g h t  brovm;with included  pebbles o f  obsidian.  The ' 

t o t a l   p y r o c l a s t i o   s e c t i o n  is bounded a t  top  and  bottom by the   Taylor  

Creek Rhyolite.  

" 

Gila Conglomerate - 
The youngest   consol idated  c las t ic   deposi ts   west  of t he  

Coxkinental  Divide i n  the  Black Range a r e   r e f e r r e d   t o  as t h e  Gila 

Conglomerate  (QTg) on t h e  s t a t e  map  of  New hlexico  (Dane  and  Backman, 

. 1965), a l though  on ly   a , smal i   par t  of t h e   s e c t i o n   a c t u a l l y . i s  oon- 

glomerate.   This  formation i s  exposed i n  a narrow b e l t   a l o n g   t h e  

eastern  margin of t h e  mapped area,   but  it vias n o t   s t u d i e d   i n   d e t a i l .  

I n   g e n e r a l   t h e  strata a r e   h o r i z o n t a l  or d i p   g e n t l y   t o  the eas t ;   they  

ove r l i e   t u f f aceous   depos i t s  o r  form  aprons  along  the  margins of t h e  

r h y o l i t e  dome. 



that cons is t s  of t h i n -   t o  .medium-bedded, cream  colored v i t r i c   t u f f ,  
northeast wall of  Paramount Canyon. 

Fig. 18. Basal part of pyroc las t ic   sec t ion ,  30 f e e t   t h i c k ,  
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I n  t h a  mapped a r e a ,  t h d  t h i c k e s t   s e c t i o n  of Gila  sediments 

l i e s  immodiately n o r t h  of Greer's Ranch, in the  so.dtheost  cornor of 

s e c t i o n  30: It is approximately 300 feet. t h i c k ,  and consis ts   mainly 

of poorly  exposed t h i n -  t o  very  - thick-bedded,   f r iable ,   tuffaceous 

s a n d s t o n e s   t h a t   a r e  brown i n ' c o l o r .  Near the  base are lenses of 

pebbly  conglomerate  with  clasts of pumice and s i l i c i f i e d   r h y o l i t e  

or  -vitrophyre.   Elsewhere,  the b a s a l   c l a s t i c   s t r a t a   a r e  marked by 

spheroidal   conoret ions  that   weather   out  t o  form prominent  cavit ies.  

Chalcedony  and  opal a r e  abundant i n  v e r t i c a l   f r a c t u r e s .  Midway up 

the 300-foot  section, a conspiouous  layer of massive v i t r i c  tuff, ' 

1 5  f e e t   t h i c k ,   l i e s  between  tuffaceous  sandstones. It. is  oream t o  

buff ,  and  friable. . . . ,This  tuff   indicates t h a t  sporadic  acid  volcanism 

c o n t i n u e d   i n t o   t h e   l a t e   T e r t i a r y .   G i l a   c l a s t i c   s t r a t a   w i t h   i n t e r -  

l a y e r e d   b a s a l t  f lows have  been  recognized elSQ\.lhere i n   t h e  Blaclt 

Range (E l s ton  and o the r s ,  1969) .  

The composition  and  extent of t h e  Gila sediments  suggest  that  

'they  probably were der ived f r o m  the  weathering of tuffaceous  rocks 

that must have  been  widespread  along  the  western s lope  of  the  Black 

Range. 

' Holocene  Deposits 

52 

Unconsol idated  deposi ts   r ich i n  volcanic   c las t s   a re   exposed  

i n   v a l l e y  bottoms  and  tr ibutary  washes,  as well a s  on upland  surfaces  

and s t eep   va l l ey   s ides   t h roughou t   t he   a r ea .   These   can  be subdivided 

in to   th ree   un i t s ' ,   exposed   main ly   a long   Taylor   Creek   and  i t s  t r i b u t a r y  

washes ,   tha t   inc lude   sand ,   g r .ave l , . and   boulders  (ga l )  a long   va l ley  

bottoms,  bouldery  rubble  and  fan  gravels ( Q f t )  exposed a s   l e n t i c u l a r  



masses on s tooper  cnnyon v m l l r ;  and a t  moullls of ' t r i b u t a r y  vrashos, 

and   e luv ia l  sands and gravels (Qel )  of s l i g h t  thickness on upland 

surfaces,  mainly  llprth  of Sta to  Ilighway LO. I n   l a r g e   p a r t ,   t h e  

unconsolidated  deposits  are,  oontemporanoous. 

Alluvial   and '6luvial   deposi ts   have  been  prospected  in   the past 

as a source o f '   p l ace r  t i n .  In   r ecen t   yea r s  much a t t e n t i o n   h a s  been 

given t o  the  tin-bearing  sands  and  gravels  of  the  upper  Savimill Canyon 

drainage i n  the   nor theas t   corner  of the.map  area.  

RHYOLLTE STRUCTURE AND 'MODE OF EMPLACEII&?NT 

The body  of r h y o l i t e  i n  the Paramount  Canyon-Taylor  Peak a r e a  

forms  an  elongate domain  of outcrops,  approximately 7 miles north-  

south  and 4 miles east-west .   Contact   re la t ions  are   general ly   obscured 

a t  the north end of the  body, bu t   they   a re  m a l l  exposed  on t h e   e a s t  

and west s i d e s  i n  Taylor  Creek,  and on the   south  margin i n  Alexender 

Canyon (Plate 1). 

Y 

The,eastern  margin of t h e  mass is  bordered by Gila sediments 

and  penecontemporaneous py roc la s t i c  strata. In  much of t h i s   a r e a ,  

rhyol i te   in te r f ingers   wi th   gent ly-d ipping   tu f fs   and   tu f f   b recc ias , .  . 

but  e1sewhere.i.t i s  overlain  with  erosional  unconformity by nea r ly  

f l a t - l y i n g  Gila sandstones. As the contac t  with py roc la s t i c   rocks  

is approached,  flow-layering i n  t h e   r h y o l i t e  oommonly beoomes i n d i s -  

t i n c t   t o   b r e c c i a t e d ,  and s i l i c i f i c a t i o n  i s  local ly   conspicuous.  

I n   t h e   s o u t h e a s t   c o r n e r  of the  map.area,   f low-layering near t h e   n a r g i n  

of the r h y o l i t e  becomes s t e e p   t o   s l i g h t l y   o v e r t u r n e d  by flow-folding. 

Elsewhere  along  the  eastern margin, t h e   l a y e r s  are gent ly   inc l ined .  

There i s  no clear   evidence of €usion, o r  welding of t u f f s   a d j a c e n t  
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t o  t he   rhyo l i to .  Such €usion of t u f€s   has  boen  rocogniz:bd in   sou the rn  

Nevada (Christianson  and Lipman, 19G6). 

The r h y o l i t e  is over la in  by clastic rocks  along i ts  wostorn 

and  northern  margins. The oontact a t  the  western  margin i s  par t icu-  

l a r ly   we l l   exposed   i n   t he  canyon of Taylor.Creek, where tuffaceous 

sandstones  and  oonglomorates  dip  gently  off  the  eroded  margin at  

angles  of 30 degrees  o r  l ess .   Pyroc las t ic   rocks ,  common  on the  

eastern s i d e ,  are genera l ly   l ack ing   here .  

Contacts at  the  south  margin  are vie11 exposed i n  Alexander 

Canyon,  where t h e   r h y o l i t e   a l s o  is juxtaposed  against   pyroclast ic  

rooks. As t he   con tac t  is approached,   the   rhyol i te  becomes increas ingly  

bracciated  through-.a  zone that I s  l e s s   t h a n  1000 f e e t  wide i n  a 

direction  normal t o  the con tac t ,  The brecc ia   in te r f ingers   wi th  

gent ly-d ipping   tu f fs  a t  t h e  margin of t he  done. Here t h e  flow s t r u c -  

t u r e  of t h e   r h y o l i t e  i s  f l a t  o r  d ips   gent ly  t o  the   eas t -nor theas t ,  

except   local ly   where  near-ver t ical   d ips   can be  observed.  Pyroclastic 

rocks  adjacent t o   t h e  rhyolite d i p  20' o r  l e s s  t o  t h e . n o r t h e a s t .  

.. 

. These  deposits are over la in  by mafic flows, which are widespread  in 

th3.s area but  absent  around  other  parts of  t he   Bo i l e r  Peak r h y o l i t e  

mass. 

Flow s t ructure  ' throughout   the  inter ior  of t h e  exposed r h y o l i t e ,  

as character ized  pr imari ly  by flow-layering, i s  most oonsis tent  

i n  a lower  sect ion that is best  exposed  along t h e  walls of Taylor 

Creek  (Fig. 1 9 ) .  Flow-layers  dip  gently t o  moderately, with v e r t i c a l  

f low-layering  developed 'only  local ly   a long  this   approximately 4.5 

mile c ros s -mot iona l   a r ea ,  where the   rhyol i te   averages  400 t o  500 f e e t  

i n  thickness.   Purthermore,   the  local  exposures of gen t ly   i nc l ined  

. -  
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"markor" beds,  which include  the  vitrophyric  and  pyrocl.a:;tic 1on::o:; 

i n   n o r t h  Paramount Canyon and the  f low-broccin  in  south  Taylor Creok 

canyon,  and . the  s teeponing of  flow-layorinl:  along portion:: of t h e  

rhyol i te   marg in   charac te r ize  a flow-domo s t r u c t u r e .  The genera l  

absence  of  "vent-l ike*'   structures,   i .e ~, ver t ica l   f low- layer ing   wi th in  

t h e  mass in t e r io r ,   and ' t he   p re sence  of the   bes t   deve loped   ver t ica l  

j o i n t s   a l o n g   t h e  canyon rims, as vrell as the  occurrence of py roc la s t i c  

rocks in te rbedded   wi th ,   and   margina l   to ,   the   rhyol i te   ind ica te   tha t  

only  the  upper   par t  of t h e  dome has  been  exposed by erosion.  The 

lack of  deformation i n  the   margina l   pyroc las t ic   depos i t s   sugges ts  

f u r t h e r   t h a t   l a t e r a l '   f l o w  movement of the . rhyol i te   had   la rge ly   ceased  

before   the   pyroc las t ic   rocks  were l a i d  down, a l though  these  rocks must 

have  been  deposi ted  short ly   thereaf ter .  

. .  

" 

Superimposed on t h i s   g e n e r a l  framework are  numerous l o c a i   f o l d s ,  . .. 

f l e x u r e s ,   a n d   o t h e r   s t r u c t u r a l   i r r e g u l a r i t i e s .   I n  Paramount  Canyon, 

s e v e r a l  dome-like s t ruc tu res   i n   t he   rhyo l i t e   do   no t   exceed  '2000 f e e t  

' i n  diameter. The elongate  exposure of b l e a c h e d ,   a r g i l l i z e d   r h y o l i t e  

i n   t h e   s o u t h e a s t   c o r n e r  of t h e  map area d e l i n e a t e s   a n   e r o d e d   a n t i c l i n a l  

f l e x u r e   i n   t h i s   v i c i n i t y .  

Flow-layering mapped on the   pa r t i a l ly   e roded   t op  of t h e  dome, 

on the   o the r   hand ,   r evea l s  a more compl ica ted   s t ruc tura l   pa t te rn .  

Over most of t h i s ' a r e a   t h e   l a y e r s   d i p  a t  angles  of 50 degrees or more, 

The existing  combination of f low-layering,   large-scale   f low-folds ,  

and  local."marker"  beds  permits  reconstruction of f low  d i rec t ions  

wi th in   t he   Bo i l e r  Peak dome ( P l a t e .  3) ~ The eas t e rn   ha l f  of t h e  

r h y o l i t e  mass appea r s   t o   r ep resen t   p r imary   f l owage   t ha t  was r a d i a l   t o  

a p a r t  of t h e  complex c e n t r a l l y   l o b a t e d  betmoen Boiler  Peak, Paramount 
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Canyon, und Taylor I'eak. The wostorn half i s  compl.i.catod by evidonce 

of more dhan one major  flow u n i t  of r h y o l i t e .  Sou1.h o f  Taylor  Creek, 

i n  the  southwest map a rea ,   t he   poor ly  expoood lower  r h y o l i t e   s e c t i o n  

is over la in  by a flow-brocoia t11u.l; does n o t  appoar on the   no r th  v i a l 1  

of Taylor   Creek.   This   re la t ionship,   toget l ier   wi th   an  east-west   s t r ike 

o f   f l ow- laye r ing   t ha t   d ips   t o   t he   sou th ,   sugges t s  a l o c a l   d i r e c t i o n  

of  flowage  toward the   no r th  f o r  t h e   b r e c c i a   u n i t .  I n  the   under ly ing  

r h y o l i t e ,  as exposed  immediately  souih of t h e  "gooseneck" i n  Taylor 

Creek, a prominent  recumbent fo ld   ind ica tes   f lowage   toward   the   nor th-  

west. 

I n  Paramount  Canyon, a b a s a l   v i t r o p h y r e   w i t h   l a t e r a l l y   a s s o -  

c ia ted   pyroc las t ic   rocks   c rops   ou t  rnidvrag up   t he   no r th  wall of t h e  

canyon. The ocourrence  of   vi t rophyre  and  the  pyroclast ic   rocks,  which 

cannot be recognized on the   south  wall of the  canyon,   suggests   that  a 

second, more r ecen t   rhyo l i t e   f l ow advanoed t o  the southeast  from a 

v ic in i ty   no r th  of Highway 59. 

9 

. The mod0 of emplaoement of the  'Boi ler   Peak dome can be i n f e r r e d  

from the d i s t r ibu t ion   and   r e l a t ionsh ips  of t h e   v o l c a n i c   u n i t s ,   t h e i r  

es t imated   phys ica l   p roper t ies   dur ing ' f lov ,   in fer red   d i rec t ions  of 

flowage,  and  from a comparison with s t r u c t u r a l   f e a t u r e s  of o ther  

vo loanic   p i les .  The assoc' iation of r h y o l i t e  with inter layered  pyro-  

c l a s t i c  deposits  and  the  occurrence of vi t rophyric   and  f lovl-breccia  

f a c i e s   w i t h i n   t h e   ' t o t a l   v o l c a n i c   s e c t i o n   i n d i c a t e   t h a t  emplacernsnt and 

development of t h e  dome was not one uninterrupted  event  of r h y o l i t e  

upwelling;  but  instead mas,marked  by per iods   o f   explos ive   ac t iv i ty ,  

followed by renewed, loca l   ou tpour ings  of l a v a   i n   d i f f e r e n t   d i r e c t i o n s  

from  soparate  vents  beneath  the. dome. 
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The v i s c o s i t y  of t h e   r h y o l i t e  magma during  formation of t h e  

dome must  have  been  very  high. The f a c t o r s  knovrn t o   i n f l u e n c e  the 

f l u i d i t y  of a m b l t  are chemical  conposit ion,   water  content,  and hea t .  

Hydrostat ic   pressure  per  se has  l i t t l e  e f f e c t  on v i scos i ty  (Shavr, 

1965),  but is. importa:1t i n  t h a t  it con t ro l s   t he   r e t en t ion  o r  escape 

of v o l a t i l e   c o n s t i t u e n t s .  

" 

The v i s c o s i t i e s  of s e v e r a l   s i l i o a - r i c h   g l a s s e s  of d i f f e r e n t  

compositions  have  been  datermined by severa l   inves t iga tors .   These  

g l a s ses ,  which contain  about   71  to   76  weight   percent  SiOz,  range f r o m  

2.0 t o  10  poises  .over the. tempera ture   in te rva l , '  700 t o  8OO0C. The 

v i s c o s i t y  of a melted  obsidian  sample i s  repor ted  t o  be LO6 poises  ' ' 

a t  140OoC and 1 atm pressure  (Clarke,   1966).  

6 7 

-.. 

Water g e n e r a l l y   r e d u c e s   t h e   v i s c o s i t y  of a melt. The maximum 

possible  water conten t ,  in t u r n ,  i s  con t ro l l ed  by the l i t h o s t a t i c  

load on the melt. If t h e  mean dens i ty  of r h y o l i t e   g l a s s  i s  taken as 

2.37 ~ / O C  (e.g., T i l l e y ,   1 9 2 2 ) ,  a oolumn  of th is  material, 1 inoh 

square  and 1000 fee t  t h i c k ,  would  weigh approximately  1020 lbs .  A t  

t he   base  of t h i s   c o l u r m ,   t h e   l i t h o s t a t i c   p r e s s u r e  would be approxi- 

mately 70 bars. A t  t h i s   p r e s s u r e ,  a rhyol i te   could  hold a maximum 

' of about 3 percent  water a t  4OO0C, and  about 1 percent  water at  900°C 

(Friedman  and  others,  1963). The r a t e r  content ,  of course,  would 

decrease   upward ' in   th i s  oolumn of  melt with the   dec rease   i n   l oad .  With 

3 weight   percent   d i sso lved   water , . the   v i scos i ty  of a g r a n i t i c  magma, 

at  its "ternary minimsm" composition, would be on the   o rder  of 1 0   t o  
'I 

10 poises  (Shaw, 1965). The v i s c o s i t y  of a dry  melt of t h e  same com- 

pos i t i on   ; odd  be lo lo  o r  higher.  

0 
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I n c r e a s i n g   t h e  tompor.::::ro has t h e  similar. e f f e c t  of .  roduoing 

viscosi ty .   Experiments  on s l l i c u o u s   g l a s s e s  :;uggost t h a t   v i s c o s i t i e s  

are goneral ly   reduced by .5 : J 1. order of magnitude f o r  every 100 

degroe  incroase  in  temperattc-o  ovur t h e  i n t e r v a l ,  500 t o  1400°C 

(e.g., Clarke ,  '.19GG). The t .mrercrture of the  Taylor   Creek  Rhyol i te  

du r ing   ex t rus ion  i s  n o t  known, but   es t imates  of rhyol i te   t empera tures  

i n   g e n e r a l  f a l l  i n  t h e   r a n g e ,  750 to 95OoC (Lovering,  1955;  Battey, 

1966;  Fyfe,  1970;  Carmiohael, 1967). 

The gene ra l   ho r i zon ta l   s t ruc tu re   obse rved   i n   t he   Bo i l e r  Peak 

dome is no t  common i n  most dome s t r u c t u r e s   d e s c r i b e d   i n   t h e   l i t e r a t u r e ,  

although many o f  these domes a r e   u n d e s i t i c   a n d   d a c i t i c   r a t h e r   t h a n  

r h y o l i t i c  i n  composition.  Tho PelGan type   (F ig .   20 ) ,   w i th   d i s to r t ed  

and   c rude   concent r ic   l ayer ing ,  i s  most  common among t h e   a n d e s i t i o  

domes (Williams, 1932). Dorno:;  of s i l i c i c   compos i t ion ,  however,  comonlg 

d i sp lay  a tlfa'n-structure" (FIG. 21), i n  which the  f low-layering 

diverges   outward  f rom  the velrt a r ea .   Th i s   s t ruc tu re   cha rac t e r i zes  soms 

o f  t h e   r h y o l i t e  domes of Inyo  County,  California  (Chesterman,  1956), 

and the  Novarupta  dome, Alask;, (Williams, 1932). 

, .  . ,  

The gross s t r u c t u r e  of the   Taylor 'Creek   Rhyol i te   resembles ,   in  

a genera l  way, the  experimenl:rl  form  developed by Reyer (1888; repro-  

duced i n  Williams, 1932), whu c rea ted  dome shapes  and  skructures by 

squeezing  viscous  mater ia l   t l rough a narrow  apert.ure  (Fig.  22). Dcnes 

. .  

with  horizontal   f low-struoturt:   were  thereby  produced,  and  steeply 

inc l ined  50 recumbent  flow-folding was developed a t  the  margins of t h e  

domes as t h e  material spread '1.oterr;lly  beyond the   ven t s .  A similar 

s i t u a t i o n   c o u l d  w e l l  have obt1:inod dur ing   ex t rus ion  of t h e   r h y o l i t e  

at  Taylor  Creek,  but it proba!,ly was complioated by s e v e r a l   l o c a l   v e n t s  



Fig. 20, Diagrammatic  sketch of Pelban-type dome, t h e  most 
ocmmon, fea tur ing   c rude   o 'oncant r ic   banding   and   i r regular   f i s sures  
( a f t e r  Williams, 1932).. 

through a na r ro&  ape r tu re   ( a f t e r   Reye r ,  1888; i n  Williams, 1932). 
Fig. 22. Zxperimental dome formed by squeezing  viscous  mater ia l  
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beneath  the  present  ou ic rop  oroii, as we1:L as by i i -~ tormi t ten t   expios ive  

activity.   Unfor*tu!~atuly,  it i s  not  possible t o  e s1ab l i sh   t ho   l oca -  

t i o n s  of the   in for rod   vonts .  

TAYLOR CIIEEK mosP~:c r s  

In t roduct ion  

One of t he   f i nes t   exposures  of t i n -bea r ing   ve in l e t s  i n  t h e  

d i s t r i c t  i s  on Taylor  Creek,  about 3 milos above i t s  confluence with 

Beaver  Creek i n  t h e  southweste-rn pa r t  of t h e   d i s t r i c t   ( P l a t e  1). 

This  a r e a  has been mapped in cons ide rab le   de t a i l  by Fries  (1940)  and 

by Jahns (1957-62,  unpubl.).  Their  mapping,  with  only  minor d e t a i l s  

added, is presented as P l a t e  4. Between  1939  and  1943, t h e  U. S.. 

Bureau of Mines conducted a sampling  program,  which was confined t o  

the known mineral ized  areas  ,at Taylor  Creek  and  elsewhere i n  the d i s -  

t r i c t  (Volin  and  others,  1947). 

. .  

During t h e  course  of t h e   p r e s e n t   s t u d y ,   t h i s   a r e a  was examined 

for a period of approximately two weeks. Ernphasis was placed on obser- 

v a t i o n s  of the   rhyo l i t e   s t ruc tu re ,   a1 t e ra t ion ;and   l oca l i za t ion  of t h e  

t i n -bea r ing   ve in l e t s .  

General   Features  

The   Taylor   Creek   a rea   fea tures   exce l len t   oc tc rops   tha t   p rovide  

a three-dimensional  exposure of t h e   o e s t e r n  edge of another flow-dome 

( P l a t e s   l ’ a n d  4), h e r e   r e f e r r e d   t o  as the  Tzylor  Creek dome. 

S i x   l i t h o l o g i c   u n i t s ,  more than  700 f e e t   i n   a g g r e g a t e   t h i c k n o s s ,  

are present  i n  the  area.   They.range  in   age  f rom  nid-Tert iary t o  

. .  



Holocene,  and  inolude, i n  ordor t o  deoreas ing   age ,   the   Dat i l   Format ion ,  

a n d e s i t i c   f l o w s ,  Gila Conglomerate,   terraoo  deposits,   and  older  and 

younger   a l luv ia l   depos i t s .  The Datil Formation  oonsists  predominantly 

of  Taylor  Creek  Rhyolite  and  minor  flow-breocia  units, which a r e  

o o n f i n e d ' t o   t h e  dome margin.  The  Taylor  Creek  Rhyolite,  Oligocene 

i n  age, i s  a g ray ,   po rphyr i t i o   rock   t ha t  i s  bleached  white  near  the 

. margin of t h e  dome. Here a l s o ,   t h e   r h y o l i t e  is underlain  and  overlain 

l o c a l l y  by small mass& of flow-breccia,e  Andesitic  flows  unconformably 

overl ie   the  younger   f low-breocia   uni t  i n  the  northwest  par t  of t h e  

map area. More than  300 f e e t  of consolidated  and  unconsolidated 

c l a s t i c   r o c k s  i n  t u r n   o v e r l i e   t h e   v o l c a n i c   s e c t i o n .  The sequence  con- 

sists primarily  of"the Gila Conglomerate  (tuffaoeous  sandstones), 

: Pl io -P le i s tooene   i n  age,  and it in  general   over l ies   . the   Taylor   Creek 

R h y o l i t e   i n   t h e   s o u t h e r n   p a r t  o f  t h i s   a r e a .  Holocene t e r r ace   depos i t s  

and  alluvium of s l igh t   th ickness   oomple te   the   s t ra t igraphic   suocess ion .  

The terraoe  deposits  include  voloanic  sands  and  gravels on e leva ted  

su r faces   ad j acen t  t o  Taylor  Creek. The younger a l l u v i a l   d e p o s i t s  

are confined t o  small washes  and t o  Taylor  Creek  and i t s  t r i b u t a r i e s .  

. .. 

The vo lcan ic   s ec t ion  i s  dominated by more than  400 f e e t  of 

flow-2ayered,  Taylor  Creek  Rhyolite in  which flow-layering strikes 

n o r t h  t o  northvrest  and dips   gent ly   to   moderately  toward  the  east  t o  

no r theas t .   Pa r t  of the   rhyol i te   se ' c t ion   has   been  dovm-dropped by a 

high-angle,   normal  fault   north of Cox Canyon, preserving a p a r t i a l  

s e c t i o n  of Gila c las t ic   sed iments .  To. the  northeast ,   immediately 

no r th  of t h e  'Taylor  Creek  "gooseneok,", a prominent  reoumbent  flow-fold 

is p r e s e n t   i n   t h e   r h y o l i t e  body (Fig.  23a, b) .  T h i s  fo ld   appears  t o  

: . 



of a r h y o l i t e  dome in   t he   Tay lo r   Creek   p rospec t s   a r ea .   Ver t i ca l ,  
Fig.  23a. A prominent  recumbent  flow-fold  near'the  margin 

exposure is about 400 f e e t .  

. .  
? 

L 1 

f low-layering  and  ver t ical   jo int   p lanes .  
Fig.  23b. Del ineat ion 'of s t ruc tu ra l   de t a i l s   above ,   i nc lud ing  
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west. I\Tear-vertical  flow-layoring  sssociatod v/i.lh port ions of 1.his 

f o l d  can be traced  southward,  and  formerly was b e l i e v e d   t o  mark a 

vent a r e a  of t h e   r h y o l i t e  and r e l a t e d   t i n   m i n e r a l i z a t i o n   ( F r i e s ,  

1940). Observations on moving lava  and  debris  flows i n d i c a t e   t h a t  

s t e e p  t o  overturned  flovr-layering i s  not uncommon a t  the i r   marg ins ,  

o r  snout  regions,  and  indeed  should be expected  in  view of t h e  foriyard- 

r o l l i n g  motion of v i scous   ma te r i a l  as it s p r e a d s   l a t e r a l l y   i n  a manner 

somewhat analogous ' t o  the  motion of a t r a c t o r   t r e a d ,  

Taylor  Creek  Rhyolite - 
The gray ,   porphyr i t ic   rhyol i te   and  i t s  bleached  facies   (Fig.  24) 

" 

a r e  similar i n  most r e s p e c t s  t o  t h e   r h y o l i t i c   r o c k s  of t h e  Paramount 

Canyon-Taylor  Creek area, exoep t   t ha t   t hey   a r e   gene ra l ly   coa r se r  

grained.  Phenocrysts of sanidine  and  quartz ,   wi th   minor   plagioclase 

and b i o t i t e ,   a r e   s e t  i n  a microcrys ta l l ine  t o  s p h e r u l i t i c  groundmass 

of quartz  and alkali  feldspar.   Accessory  minerals  include  fayali te ( ? ) ,  

hematite,   magnetite,   sphene,  pseudobrookite,   and  zircon.  Quartz is 

dominant among t h e   s i l i c a   m i n e r a l s ,   b u t  o p a l ,  t r i d y m i t e ,   c r i s t o b a l i t e ,  

and' chalcedony  are  present i n   t h e  groundmass. 

A narrow  band of bleached  and  weakly argi l l ized  Taylor   Creek 

Rhyoli te ,  200 f e e t   t h i c k  o r  m o m ,  crops  out  near  the  western  margin 

of t h e  dome. T h i s   f a o i e s  is white and f r i a b l e .  The phenocrysts of 

quar tz  and san id ine   a r e   f r e sh ,   bu t   t he  groundmass includes  widely 

sca t te red   pa tches  of clay  minerals.  The a r g i l l i z e d   r o c k  i s  f u r t h e r  

character ized by numerous shea r   zones ,   no t   found   i n   t he   l e s s   a l t e r ed  

. .. 

rhyo l i t e .   I nd iv idua l   shea r ' su r f aoes ,  which commonly a r e  s l ickens ided ,  

o m  be t r aced  f o r  only a few f e e t   i n   o u t c r o p .  



Fig.  25.  Sanidine (S)  phenocryst  mantling  plagioolaso (p)" 
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Sonidine  phonocry'sts  separated  from  the  gray,  prophyrit ic 

r h y o l i t e .  at  Taylor Croek yield  potassium-argon  age  dates  from 24.0 2 0.5 

m.y. (Elston,  1971,  writ ten comm.) t o  25.1 -1- - 1.0 m.y. (Kott losoki ,  

1970,  writ ten comm.), which p laces   the   Taylor  Greek Rhyoli te  on t h e  

Oligocene-Xiocene  boundary. 

, Sanidine  and  quartz a r e  the  dominazt  phenoorysts,   oonsti tuting 

25  percent or l e s s  of the  rock  (Figs .  3 and 4). S a n i d i n e ,   i n   c r y s t a l s  

.5 t o  4 mm long, is. op t i ca l ly  similar t o   t h e   s a n i d i n e  of  other miits, 

but  within the a r g i l l i z e d   f a c i e s  it e x h i b i t s  a p e c u l i a r   f r a c t u r e  mosaic 

that is expressed as a "qui l t - l ike"   ex t inc t ion   pa t te rn   under   the  

microscope. Small. por t ions of these phenocrysts  apparently have. been 

moved o r  r o t a t e d   s l i g h t l y  re la t ive t o   a d j a c e n t   p o r t i o n s .  This observa- 

t i on   sugges t s  a slight mic ro -g ranu la t ion ,   ye t   t he   ex t e rna l   c rys t a l  

boundaries seem t o  be  undeformed. 

. .  

The 2Vx of the  sanidine  ranges  from  27 t o  56', with an average 
.. 

of 40°, These  values are  scme\rvhat h igher   than   those  f o r ,  sanidines  

i n  t h e   r h y o l i t e  f r o m  Beaver Creek (34.5') aiid i n  the   porphyr i t ic  

vi t rophyre of Paramount  Canyon  (34.5'). Figure 36 provides   data  f o r  

oomparison. 

Amethystine  quartz,  euhedral t o  subhedra l   o rys ta l s ,   and  5 mu 

i n  maximum diameter ,  composes approximately half of the   t o%& pheno- 

c r y s t  volume. Much of it is f r a c t u r e d ,  with r ec rys t a l l i zed   bo rde r s .  

Sodic  oligoclase,  An oocurs  both as individual   phenocrysts  
17 ' 

1.25 mm or less  i n  diameter and as c lus t e red   g ra ins .  It commonly 

i s  mantled by sanidine  (Fig.   25)-  Only a few g r a i n s  are present  i n  a 

typica l   th in-sec t ion .  



Accessory  minorals,  generally  presont as small grains ,   includo 

b i o t i t e ,   f a y a l i t e  (? ) ,  sphene,  hematite,   magnetite,   and  zircon. Anho- 

dral t o  wedge-shaped g ra ins  of spheno, .G rm o r  l e s s  i n  diameter ,  

a r c   t y p i c a l l y   a l t e r e d  t o  i ron   ox ide ,   a s  i s  most of t h e   b i o t i t e .  

Z i r con ,   l e s s   t han  10 microns  long, i s  included  within,   and  c lustered 

around, rims of magnet i te   c rys ta l s .  

The bulk o f  t h e  groundmass i s  d e v i t r i f i e d   g l a s s ,   i n   g e n e r a l  

a microcrystal l ine  aggregate  of  quar tz  and a l k a l i   f e l d s p a r .  The 

f ledspar   occurs   in   spherul i t ic   growths  and i n  mosa ics   as   p r i smat io   to  

t ape red   c rys t a l s ,  .5, mm o r  l e s s   i n   l eng th .   T r idymi te   and   c r i s toba l i t e  

are present  also i n   t h e  groundmass,  but  are  not common. 

Al te ra t ion  

Al te ra t ion   of   the   rhyol i te  is dominant ly   a rg i l l i c ,   wi th   very  

l o c a l   s i l i c i f i c a t i o n  and s e r i c k t i z a t i o n .  The a l t e r a t i o n  i s  mainly 

i n  the.groundmass,  where  clay  minerals  appear as sca t te red   pa tches  

i n t e r s t i t i a l  t o  groundmass fe ldspar   and   s i l i ca   minera ls .   Phenocrys ts  

of f e ldspa r  and quar tz   a re   f resh ,   except   for   very  minor s e r i c i t i z a t i o n  

and c lay   a l te ra t ion   a long   f rac ture   and   c leavage   sur faces .  The c lay  

minerals   could  not   be  ident i f ied  posi t ively  using  s tandard  techniques 

of c lay  separat ion,   concentrat ion,   and X-ray ana lys i s .  

- Tin-Bearing  Veinlets 

Hemat i t e - cas s i t e r i t e   ve in l e t s   a r e   we l l  exposed a t   t h e   T a y l o r  

Greek l o c a l i t y ,   a l t h o u g h   l e s s   t h a n   t w e n t y   v e i n l e t s ' a r e  now v i s i b l e .  

Many have  been  mined o u t ,  judging  from  the number of p rospec t   p i t s  i n  

the   a rea .  The ve in l e t s   a r e   d i scon t inuous ,  and  cannot be t r a c e d   f o r  
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distal lcos  of more t h a n  a fevr f e e t  i n  any one outcrop.  Their  exposod 

width  rarely  exceeds 8 nun, 

Voinlots a r o  r e s t r i c t e d  t o  t h e   n r g i l l i z o d   f a c i e s  of r h y o l i t e ,  

which is exposed  along  tho  western  margin of t h e  flow-dome.  They 

general ly   s t r ike  northwester ly ,   and  dip  s teeply t o  the  southwest.  Thoy 

oonsist  dominantly of specular   hemati te ,   wi th   quartz ,   a lkal i   fe ldspar ,  

c a s s i t e r i t e ,   t o p a z ,  and less commonly, c r i s t o b a l i t e ,  A t y p i o a l   v e i n l e t  

is shown in Figure 26. The v e i n l e t s   a r e  zoned on a micro-soale,  and 

three  zones oonunonly can  be  recognized. In   typ ica l   success ion   inward  

from t h e   . v e i n l e t  walls, these  zones  include: (1) a sanidine-r ich 

l a y e r  with hematite, c a s s i t e r i t e ,  and t o p a z ,  (2)  an  intergrowth o f  

hematite and  quartz-; with o r  without d i s semina ted   ca s s i t e r i t e ,  +nd 

(3) near ly   sol id   specular   hemati te   with  minor   disseminated  cassi ter i te .  

Sanidine  general ly  forms r a d i a l  GlUSterS a long   the  walls of a given 

v e i n l e t ,  and it is genera l ly   se r ic i t ized   and   i ron-s ta ined .   In  at  l e a s t  

. .  

. one  sample (TCW-36), alkali f e ldspa r s   f rom  the   ve in l e t  were found . , 

t o  be considerably more potassic,   and of  h i g h e r   s t r u c t u r a l   s t a t e ,   t h a n  

t h e  groundmass o r  phenocryst  phases  from  other  rhyolite  samples 

(Fig.  37). 

Topaz forms  individual pr isms and   rose t te - l ike  c r y s t a l  c l u s t e r s  

inc luded   in   K-fe ldspar   (F ig ,   27a) ,   genera l ly  i n  zone  2 adjacent  t o  

t h e   v e i n l e t  wall. It i s  not  abundant. The occurrence of wel l -crystal-  

l i z e d   t o p a z   i n  a f e ldspa r   hos t  i s  suggestive of replacement,  although 

t h e r e  i s  no olear c r i t e r i o n  t o  prove tha t   fe ldspar   has   been   rep laced  

by topaz.  The formation of t opaz  a t  the  expense of a l k a l i   f e l d s p a r  

i s  t y p i o a l  of g re i sen iza t ion ,  s o  common i n  t i n  depos i t s  of  plutonic  

a f f i l i a t i o n .  



Fig. 26. Typ ica l   ca s s i t e r i t e -hemat i t e   ve in l e t  exposed. i n  
t h g  Taylor  Creek  prospects  area.  Six inch   penc i l  f o r  scale .  

.. 



F i g ,  27a.  Sharp  contact  between  rhyolite  groundmass  (left) and 
t i n -bea r ing   ve in l e t .   San id ine  ( S ) ,  and less commonly, topaz (T)  

hemati te  (H)  cowonly   ' encrus t   the   san id ine- r ioh  zone. The hematite- 
l i n e   t h e   v e i n l e t  wall. The sanid ine  i s  se r i c i t i zed .   Quar t z  ( Q )  and 

r i c h  zone is absent  from v2ew [ r igh t ) .   P l ane -po la r i zed   l i gh t ,  72x. 

Fig. 27b. S e r i o i t i z a t i o n  embayment of sanidine (s) phenocryst 
a d j a c e n t   t o   v e i n l e t  wall, sugges t ing   t ha t   . t he  movement of a l t e r i n g  
f l u i d s  was cutvlard  from t h e   v e i n l e t .  CrOSscd n i c o l s ,  72x. 
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Cass i te r i&  occurs  as minuto r ed   c rys t a l s  that  a r e  honey  yellow 

t o  yellow-brown i n  thin-section.  These  grains  are  non-pleochroic,  

i nd ica t ing   t ha t   t hey   have  a low tantalum  content .  T h y  a re   Sca t t e red  

i n  a l l  three  zones of t he   vo in l c t   a s soc ia t ion ,   bu t  a r o  most abundant 

wi th in   the   hemat i te - r ich   zone .   Cass i te r i te  a l so  i s  disseminatod 

within  the  rhyolite  groundmass,   but  only  immediately  adjacent t o  t h e  

v e i n l e t s .  

S e r i c i t i z a t i o n  o f  alkali f e ldspa r  is v e r y   l o c a l  and  does  not 

extend for more than  a few mi l l ime te r s   f rom  the   ve in l e t   i n to   t he  wall 

rock. A s h a r p   s e r i c i t i z a t i o n   " f r o n t "  is shovn i n  Figure 27b.  The 

a l t e r i n g   f l x i d s  have  formed a v e r y   l o c a l   s e r i c i t e  embayment, t h a t  i s  

oonvex i n t o   , t h e   s a n i d i n e   c r y s t a l .  The sanidine  phenocryst ,  vrhioh 

r ep resen t s  an ear ly   o rys ta l l inc   phase  of t h e   r h y o l i t e ,  i s  unal te red  

o u t s i d e   t h e   s e r i c i t e  zone.  The s c r i c i t e  embayment, convex i n t o   t h e  

f e ldsp . a r   c rys t a l ,   sugges t s   t ha t   t he   a l t e r ing   f l u ids   mig ra t ed  f r o m  t h e  
c 

v e i n l e t   f r a c t u r e   i n t o   t h e  wall rock. 

Rhyolite  Chemistry 

Bulk  ohemical  and  traoe-element  analyses were obtained  from 

samples. of r e l a t i v e l y   f r e s h ,   d e v i t r i f i e d   r h y o l i t e  (TCl'i-28A), as \:.ell 

as weakly  argil1ized;bleachcd  rhyolite (TCW-6, 20,  and  24). Semple 

l o c a t i o n s   a r e   i n d i c a t e d  on P l a t e  5 ,  and t h e   a n a l y t i c a l   r e s u l t s   a r e  

recorded i n  Table V I .  

The major  compositional  differences among these  samples l i e   i n  

t h e i r   a l k a l i  and  lime  contents. The a r g i l l i z e d   f a c i e s ,  as might be 

expected, h a s  been  enriched  in  potash (6.4 versus  4.1 percent Y, 0 ) ,  and 2 

d e p l e t e d   i n  CaO (0.40  versus 1.31 p e r c e n t )   r e l a t i v e  t o  t h e   f r e s h e r  
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r h y o l i t e .  Most of the  potash motasomatism  probably i s  expressed i n  

the   format ion  of secondary  K-feldspar   within  the groundmass  and  vein- 

lets, The ve in le t   fe ldspar   f rom one a rg i l l i zed   sample ,   as   de te rmined  

by  X-ray, was found t o  be  the most po tass ic  of a l l   f e l d s p a r   p h a s e s  

s tudied.   Similar  K-metasomatism has  been  recognized  in   the Mexican 

t i n -boa r ing   rhyo l i t e s  (Ypma and Simons, 1969). 

Trace-element   contents   between  f resh  and  argi l l ized  facies  of 

r h y o l i t e   a p p e a r   t o  be similar. 

During World War 11, t h e  U. S. Bureau of Mines  sampled  both  lode 

and   p lacer   depos i t s  f o r  analyses  of t in   content   only  (Volin  and  others ,  

1947). Lode d e p o s i t s   e a s t  of Nugget  Gulch  and  betvieen Taylor  Creek 

and Cox Canyon .were sampled by  means of t r e n c h e s ,   s h a f t s ,   c r o s s c u t s ,  

and one a d i t .  The samples  generally were taken  a t  5- t o  10-foot 

in te rva ls ,   cover ing   more . than   1800  fee t  of excavations i n  mineralized 

areas .   Locat ions of t h e s e   t e s t   p i t s  and  corresponding t i n  va lues ,  

compiled f r o m  t h e  U. S. B. M. Rept.  Inv.  4068,  are  recorded on P l a t e  5. 

The t i n   c o n t e n t  o f  channel  samples  across  mineralized  areas  generally 

is l e s s   t h a n  .05 weight  percent.  

".. 

Rhyol i te   S t ruc ture   and   Loca l iza t ion  of Vein le t s  - - 
C o n s i d e r a b l e   s t r u c t u r a l   d e t a i l   w i t h i n   t h e   t i n - b e a r i n g   r h y o l i t e  

has been  provided by t h e  mapping o f  Fries  (1940)  and  Jahns  (1957-62, 

unpubl.). S t r u c t u r a l   r e c o r d s  f r b m  t h e i r  maps, i nc lud ing   o r i en ta t ions  

of rhyo l i t e   f l ow- laye r ing  and shear   planes,   have  been  plot ted  as   poles  

on a Schmidt  equal-area.  net, lower hemisphere  (Fig.  28).  Poles t o  

t h e   t i n - b e a r i n g   v e i n l e t s  and  shear   f ractures  measured du r ing   t h i s   s tudy  

a l s o   a r e   p l o t t e d   i n   F i g u r e  28. 



Poles to conjugate 
set  of shear  planes 
predicted f rom 

flow-layering I 

Contours 
e Poles  to  tin-bearing  veinlets 

0 Poles to  unmineralized  fractures 15% 

e Poles  to  tin-bearin 

0 Poles to  unminerali 

. .. 

per I% area 
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Flow-layering is t h o  most conspicuous  plan&  feature  consis- 

t e n t l ~  doveloped i n   t h e   r h y o l i t e .  Where accentuated by weathering, 

it re sembles   t he   l aye r ing  i n  sedimentary  rocks,   with  individual 

" layers"   ranging   f rom  less   than   an   inch  t o  s eve ra l   i nches   t h i ck .  A s  

shewn i n  P l a t e  4, and  Figure 29, the  f low-l&ering i s  gen t ly   i nc l ined  

i n  most places.  It s t r i k e s   n o r t h  t o  northwest,  and d ips   gen t ly   ea s t  

t o  northeast .  

Nearly all the   shea r   p l anes   a r e   con f ined   t o   a rg i l l i zed ,   wh i t e  

rhyo l i t e ,   and   t hey   gene ra l ly  a r e  r e s t r i c t e d  t o  t h e   r h y o l i t e   n e a r  the 

dome margin .   Dis t inc t ive   s l ickens ides   a long   the   shear   p lanes  rake 30' 

or ' less  (Fig.  30). The surfaces  conunonly'are  iron-stained  but  not min- 

e r a l i z e d ,  and they   i n t e r seo t   f l ow- laye r ing  at  an angle. of about 40 

degrees. They t y p i c a l l y   d i p  west-southwestward a t  angles   near  30 

degrees .   ' Ind iv idua l   shears   can  be t r aced  a f e w  t e n s  of f e e t ,  at  most, 

i n  the  outcrop.  Amounts of movement a long  these surfaces could  not be 

determined,  but  they are bel ieved t o  be small due t o   t h e i r   l i m i t e d  

ex ten t ,   and   genera l  lack of assoc ia ted   b recc ia t ion .  

. .  
c 

The f r a c t u r e s  and   minera l ized   ve in le t s   a re   no t   p lanar   fea tures ,  

b u t   i n s t e a d   a r e   i r r e g u l a r  and  branching. A s  evidenced i n   F i g u r e  28, 

t h e r e  i s  c o n s i d e r a b l e   s c a t t e r   i n   o r i e n t a t i o n  of t h e   f r a c t u r e s .   I n  

genera l ,   however ,   they   s t r ike   nor thves t ,   and  70 per'cent of those 

measured dip  southvestward a t  angles  of 60 t o  90 degrees.  Displacements 

- .  

along  these  surfaoes  general ly   cannot  be  recognized.  Slickensides 

and b r e c c i a t i o n   a r e  abs'eat. I n  th in-sec t ion ,   phenocrys ts   a long   f rac-  

t u r e   v a l l s  show no v is ib le   ev idence  of shear  or  granulat ion.  

Age r e l a t ions   be tween ' the   shea r   su r f aces  and the   t i n -bea r ing  

v e i n l e t s   a r e   n o t  known, for   these   fea tures   do   no t   in te rsec t   each  
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Fig. 29. Well-defined  flow-layering i n  a rg i l l i zed   po r t ion  
of Taylor Creek R6folit.e. ,at Taylor  Creek.  Flour-layering  dips  gently 

f e e t   t h i c k .  
eastward away from vievrer. The prominent  ledge  (white) i s  about 25 

Fig.  30. Shear  surface  dipping westward  toward  vievrer at  an 
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other:  T I I ~  projected  angle o r  : '~ntorsoction  between  slleors ( - 3 0 0 )  

a n d   v e i n l e t s  (-7!j0) i s  about 45 degrees. 

A t  l e a s t  ivro different modes o r  o r i g i n  con be postulated f o r  

t h e   t i n - b e a r i n g   f r a c t u r e s .  They might  represent one s e t  of shear  

p l a n e s ,  or s l ip   p l anes   deve loped   i n  a par t ly   cooled  rhyol i te .dome as 

it moved l a t e r a l l y .   A l t e r n a t i v e l y ,   t h e y  might r ep resen t   t ens iona l  

f e a t u r e s   d e v e l o p e d   i n   r h y o l i t e   d u r i n g   c o o l i n g   a f t e r   t h e   l a v a  movement 

h a s   c e a s e d .   R e l a t i v e   t o   t h e   f i r s t   p o s s i b i l i t y ,  it i s  known t h a t   t h e  

ve in le t s   a re   concent ra ted   near   the   margin  of t h e  dome, where t h e  

rhyo l i t e   p robab ly  was cooler   during f l o w  and  presumably  where it 

behaved  nearly as a s o l i d  o r  p l a s t i c   m a t e r i a l .   F u r t h e r ,   t h e   v e i n l e t  

f r a c t u r e s   a r e   i n c l i n e d   a b o u t  45 degrees t o  the   shear   p lanes ,  s o  t h a t  

t h e   v e i n l e t s  might be considered as ano the r   s e t  of shear  or  s l i p  

p l anes   w i th in   t he   rhyo l i t e . '   Accord ing   t o   t h i s   ' i n t e rp re t a t ion ,   t he  

v e i n l e t   f r a o t u r e s  and  shear   f ractures   form  conjugate 'sets  of breaks 

t h a t  correspond t o  con juga te   s e t s  of shear   planes  in  a p l a s t i c   m a t e r i e l .  

The  difference  between  the  veinlet   f ractures   and  shear   f ractures   thus 

would  be  re la ted t o  t h e   d i f f e r e n t  amounts of  s l ippage   a long   the  two 

sets of planes;  more s l ippage  i s  recorded   a long   the   shear . f rac tures  

than a l o n g   t h e   v e i n l e t   f r a c t u r e s .  

. .  * 

T h i s   i n t e r p r e t a t i o n  of t h e . f r a c t u r e s   c a n  de  'compared, i n  a 

g r o s s  way, w i th   t he   ca l cu la t ed   pa t t e rn  of shear   planes  in   the  margin 

of a t h e o r e t i c a l   r h y o l i t e  dome. I f  it i s  assumed t h a t   t h e   r h y o l i t e  

behaved much as   a ' coulomb  p las t ic   subs tance  at  the   t ime when t h e  

v e i n l e t   f r a c t u r e s  and shea r   f r ac tu re s  were  formed,   the  shear   s t ress  

t h e n  was: 

. r= c + %tan 6,  (1) 



whercr ?r is  s h e a r   s t r e s s ,  c i s  cohesive  s t rongth,  i s  s t r e s s  

normal t o   t h e   s h e a r   p l a n e s ,  and ,d i s  angle  of  i n t e r n a l   f r i c t i o n .  

n 

' . According t o  Coufomb theory of p las t ic   f low,   shear  o r  s l i p   p i anos  

i n t e r s e c t  each o the r  a t  angles  of 90° - $ o r  90' + 8,; the'se  planes 

a r e  or ien ted  .at an  angle of -k 45' - $12 t o   t h e   d i r e c t i o n  of  maximum 

compression. 

- 

The use of Coulomb's  model t o  describe  the  mechanical  behavior 

of r h y o l i t e  i s  supported by some indirect   evidence.  For example, 

Shaw and  others  (1968)  noted t h a t  Hawaiian basa l t   has  a y ie ld   s t r eng th ,  

which is the  fundamental 'aspeot  of Coulomb's law. Fur ther ,   Pol la rd  

and  Johnson ( i n  press)   have  suggested  that   the   behavior  of a mush of 

c r y s t a l s  and silih'ate melt  should  be similar t o  the  behavior o f  a 

mixture of   c lay   s lur ry  and suspended,clasts .  When the   c las t s   exceed  

about  30 volume percent of the  mixture ,   they  begin t o  in te rao t   and  

produce  "friction"  such as described by t h e   a n g l e  o f  i n t e r n a l   f r i c t i o n  

i n  Coulomb's law (Hampton,  1970; Pollard  and  Johnson,  in  press).  

The procedure f o r  ca l cu la t ing   t he   o r i en ta t ion  of t h e   s l i p  

planes i n   t h e   s n o u t  of a dome of Coulomb p l a s t i c   c o n s i s t s  of e s t ab l i sh -  

ing t h e  f o r m  of t h e   p r o f i l e  of t h e  dome and  then of e s t ab l i sh ing   t he  

p a t t e r n  of ' s l i p   l i n e s  below t h i s   p r o f i l e .  The t h e o r e t i c a l  form of 

the  p r o f i l e   i n  two dimensions  has  been computed by Johnson  (1965,  and 

.. 
. .  

pers ,  corn.), and i s  given by the'  equations: 

and 



where 

k = ctan(45O -I.. $/2) 

I n  = natural   lognri thm 

exp = exponent ia l   (e )  

h' = u n i t  vteig:ht (dens i ty   t imes   acce le ra t ion  of g rav i ty )  

0 = s lope   ang le ,  measured  counterclockwise from t h e   p l u s  

x-d i rec t ion  

x = hor teonta l   coord ina te  

y = ver t i ca l   coo rd ina te  

The p r o f i l e  of the  snout of a t h e o r e t i c a l  dome of large  diameter  

i s  shown i n   F i g u r e  31. Here t h e  x- and  y-coordinates  have  been 

p lo t t ed  i n  dimensionless  form  (y/Hs), (x/Hs) , where H s  is t h e  maximum 

height  of t h e   s n o u t ,  The theoret ioal   shear   planes  sketched i n  Figure 

31 d i p  a t  re la t ive ly   gent le   angles   a long   the   back  of t he   snou t ,  where 

x/Hs is  g r e a t e r   t h a n  1..0. A t  t h e  t i p  of t he   snou t ,  one s h e a r   s e t  

d i p s  at s t eep   ang le s ,   and   t he   o the r  at gent le   ones ,  a r e l a t i o n s h i p  

similar t o   t h a t   p r e s e n t   i n   t h e   T a y l o r  Creek dome, "he ca l cu la t ed  

s l i p   l i n e s   f o r   t h e   t i p  of t he   snou t   a r e  shown i n   d e t a i l   i n   F i g u r e  32 

f o r   f r i c t i o n   a n g l e s  of . O ,  15,   and 30 degrees.  The f r i c t i o n   a n g l e  ($) 

c .  

f o r   r h y o l i t e  under  any  given s e t  of f low  conditions is not known, s o  

t ha t   t h i s   e s t ima te   canno t  be  checked independently.  

I n   t h e   t h e o r e t i c a l  models, t h e   t v o   s e t s  of s h e a r   f r a c t u r e s  

in te rsec t   each   o ther  at  angles  from 60 t o  90 degrees;  dependent  upon 

the   angle  of i n t e r n a l   f r i c t i o n .  One of t h e   s h e a r   s e t s   d i p s  - away from 

$he snou t ' r eg ion ,   wh i l e   t he   o the r   s e t   d ips   s t eep ly   i n to   t he .   snou t  - 
(Fig. 32). 

Shear   f rac tures   in   the   na tura l   rhyol i te   (about   30° .d ips)   could  

fit i n t o  any one of t h e   t h r e e   t h e o r e t i c a l  models. The v e i n l e t   f r a c t c r e s  

i n .   t h e   e x i s t i n g   r h J o l i t e ,  however, d i p   s t e e p l y  away f rom,   ra ther   than  
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in to   t he   snou t  of t ho  domo. F u r t l ~ o r m o r o ,  t h o   v o i n l o t  fractllro:: i n t o r -  

s e c t   t h e   s h e a r   f r a c t u r e s   i n   t h e   r h y o l i t e   u t   a n g l e s   n e a r  45 dogroos, 

not, GO t o  90 dogroes.   Obviously,   the  orioniation of s t r u c t u r a l  

f ea tu re s   ca lou la t cd  'by t h e   t h c o r e t i o a l  modo1 does  not f i t   t h e   p a t t e r n  

observed in   th6  Taylor   Creek  Rhyol i te .  

If the  foregoing  assumptions  and  calculations are c o r r e c t ,  it 

must be   concluded   tha t   the   ve in le t   f rac tures   a re   no t   shear   f rac tures  

developed i n  o,onsequence ' t o  flow, They i n s t e a d   a p p e a r   t o  be t e n s i o n a l  

f e a t u r e s  formed during  cool ing o f  the   rhyol i te ,   and   the   absence  of 

s h e a r i n g   p a r a l l e l   t o   t h e s e   s u r f a c e s   s u p p o r t s   t h i s  view. It ais0 is  

i n t e r e s t i n g   t o   n o t e   t h a t   t h e   v e i n l e t   f r a c t u r e s   a r e   n o t   p l a n a r ,  whereas 

mos t  p r i m a r y   j o i n t s   i n   t h e ' r h y o l i t e   a l o n g   t h e  canyon rims of Taylor  

Creek a re   p l ana r   and   ve r t i ca l .  The i r regular ,   branching,   non-planar  

c h a r a c t e r i s t i c s  of t h e   v e i n l e t s  may well b e   r e l a t e d   t o   t h e   s l i g h t  

I.. 

micro-granulat ion  (not   brecciat ion)  o f  the  rock  developed as a conse- 

quence of  flowage. The granula t ion  and increased  porosi ty   probably 

oontr ibuted t o   t h e  development of  t h e   v e i n l e t s  as i r r e g u l e r   f r a c t u r e s ,  

rather than  as p lana r   f r ac tu re s .  

A poss ib le   explana t ion   for   the   concent ra t ion  of low-angle  shear 

'planes  developed i n  t h e   a r g i l l i z e d   f a c i e s  i s  t h a t ' t h e y   r e p r e s e n t  

sur faces  on whioh g rav i ty - s l id ing  took  place.   This  would be  favored 

i n  t h e   a r g i l l i z e d   f a c i e s ,  which i s  more porous  and  considerably  less 

coherent   than  the  other   f low  rocks.exposed  here .   I f   s l iding  occurred,  

however, it was l o c a l  and  probably  took  place  over   short   d is tances  

only.   Similar  low-angle  shears  also  can be  observed i n   a r g i l l i z e d  

r h y o l i t e   n e a r   t h e  mouth of  Paramount Canyon ( P l a t e  2 ) .  

. .  
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Source of Tin  and  Minoralizing  Fluids "_ 
Any explana i ion   concern ing   the   o r ig in  of l o d e   t i n  deposi1.s u t  

Taylor  creek must account   for   the  fol lowing  observat ions:  (1) t h e  

concontrat ion o€ t in-bearing  veinlets  around  the  margins of  t h e  

r h y o l i t e  flow-domes, including  the  Boiler  Peak  and  Taylor Creek domes, 

(2)  t h e   l a c k  of t i n   m i n e r a l i z a t i o n   i n  younger un i t s   ove r ly ing   t he  

rhyo l i t e ,   i nc lud ing   t he   andes i t e s   and   t he  Gila Conglomerate, ( 3 )  t h e  

enrichment of o a s s i t e r i t e   i n   m i a r o l i t i o ,   l i t h o p h y s a l   r h y o l i t e   f a c i e s ,  

commonly i n   t h e  upper   par ts  of t h e   r h y o l i t e  domes, (4) t h e   a s s o c i a t i o n  

of high-temperature   oxides   with  cassi ter i te ,   and ( 5 )  t he   appa ren t  

movement of a l t e r i n g   f l u i d s  from t h e   v e i n l e t s   i n t o   t h e   c o u n t r y   r o c k .  

Whether the u l t ima te   o r ig in  of lode  t i n  a t  Taylor  Creek  lay 

i n  the  mantle o r  i n  c r u s t a l   r o c k s ,  more inwdia t e   poss ib l e   sou rces  

include  the  following: (1) t h e   t i n  and   assoc ia ted   i ron  mere der ived 

v i a   vo lcan ic   ven t s  from  deeper'sources  unrelated t o  t h e   r h y o l i t e ,  as 

suggested  by some e a r l i e r   i n v e s t i g a t o r s   ( e . g . ,   F r i e s ,  1940), o r  

(2) t h e   t i n  was derived f r o m  the   rhyo l i t e ,   hav ing  been  incorporated  in  

groundmass g l a s ses  o r  i n   r e l a t i v e l y   e a r l y - c r y s t a l l i z i n g   p h a s e s   s u c h  

as b i o t i t e  and  sphene,  and  subsequently  released  and  conoentrated by 

t h e   a c t i o n  of l a t e - s t age   f l u ids .   ( t he   "deu te r i c - r e l ease"   hypo thes i s ) ,  

o r  (3) the t i n  was a cons t i t uen t  of t h e   r h y o l i t e  magma, was concen- 

t r a t e d   i n   r e s i d u a l   f l u i d s ,   a n d   t h e n  was p r e c i p i t a t e d   i n . f r a c t u r e s  o r  

c a v i t i e s  a t  a l a t e   s t a g e   i n   t h e   c o o l i n g   h i s t o r y  of the  rock.  

R e l a t i v e   t o   t h e  first h y p o t h e s i s ,   d e t a i l e d   f i e l d  mapping i n   t h e  

study area h a s   f a i l e d   t o   r e v e a l  what log ica l ly   could  be termed a 

"vent area." Flow-layers i n  t h e   v a s t   b u l k  of the   lower   rhyol i te  

sec t ion   a re   gent ly   d ipping .  Near some  of t h e  margins of t h e   r h y o l i t e  



masses, recumbent. f low-fo lds   in   the   rhyol i te   a re   doveloped  dnd a r e  

associated  marginal ly   with  f low-breccia ,   par t ioular ly  i n  the   Taylor  

Creek  prospec&  area.   These  re la t ionships   are   indicat ive of l a t e r a l l y -  

spreading,  viscous  f low. I n  gone ra l ,   ve r t i ca l   f l ow- laye r ing   i n   vo lcan ic  

rocks   has   been   c i ted  commonly as evidence f o r  ver t ica l   f lowage  upward 

from  below, i.e., a vent.  The development  of a c l ea r ly   r ecogn izab le  

flow-fold,  i n  three-dimensions, at Taylor  Creek  near  the  margin of  

t h e  dome (Fig ,  23a) makes t h e   v e n t   i n t e r p r e t a t i o n   f o r   t h i s   s t r u c t u r e  

untenable.   Without  the  aid of t h e   t h i r d   d i m e n s i o n ,   t h i s   s t r u c t u r e  

probably would not   have  been  recognized.   Bleaching,   argi l l izat ion,  

and t i n  m i n e r a l i z a t i o n   a r e   n o t   c l o s e l y   a s s o c i a t e d   s p a c i a l l y  with 

ver t ica l   f low- layer ing  in t h e   r h y o l i t e ,   b u t   a r e  removed l a t e r a l l y  by 

1000 t o  1500 f e e t .  If  t i n   m i n e r a l i z a t i o n  were r e l a t e d   t o   p o s s i b l e  

v e n t   s t r u c t u r e s ,  one might expect a c lose   . spac ia l   r e l a t ionsh ip .   Th i s  

i s  not  the  oase*a-t   Taylor  Creek. 

. .  

. .. 

The m i a r o l i t i c ,   t i n - b e a r i n g   f a c i e s  exposed i n  Paramount Canyon 

grades  downward i n t o   r e l a t i v e l y   f r e s h ,   l a v e n d e r   r h y o l i t e .  If t h i s  .unit 

were  connected by a poss ib l e   ven t ,   t he   unde r ly ing   rhyo l i t e  would have 

been   a f fec ted   a lmost   cer ta in ly  by ascending  hydrothermal  fluids. 

There i s  no  evidenoe of t h i s .  

The l a o k  of t i n   m i n e r a l i z a t i o n   i n  the younger ,   over lying  uni ts ,  

the   presence of t i n   i n   m i a r o l i t i c ,   g a s - r i c h   l a y e r s  of t h e   r h y o l i t e ,  

and the   absence  of  any  assooiat ion with recognizable   vent   s t ruc tures  

s t rongly   sugges t  a g e n e t i c   r e l a t i o n s h i p  of t i n   t o   t h e   r h y o l i t e  magma. 

Whether s i g n i f i o a n t  amounts of t i n  were incorporated i n  t h e  glass or 

i n  e a r l y   c r y s t a l l i z i n g   m i n e r a l s  of t h e   r h y o l i t e   a c c o r d i n g   t o   t h e  

second  hypothesis i s  quest ionable .  The g e n e r a l   s c a r c i t y  of b i o t i t e  
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( l e s s  t h a n  1 porcent) ,  \vhoso s t ruc tu re   p rov ides   poss ib l e   s i t e s  f o r  

the   incorpora%ion of t i n   d u r i n g   e a r l y   s t a g e s  of c r y s t a l l i z a t i o n ,  

does  n o t  onhancb t h i s  argwnent.   Indeed,  bioti te i s  absent from t h e  

m i a r o l i t i c   r h y o l i t e , ,  which contains   concentrat ions of c a s s i t e r i t e   i n  

Paramount  Canyon, When p r e s e n t   i n   t h e   r h y o l i t e ,   t h e   b i o t i t e   i n v a r i z b l y  

is a l t e r e d  t o  hematite and  magnetite, s o  no  Comparison  could be made 

r e l a t ive  t o   t h e  tin oontents   be tneen   f resh   and   a l te red   b io t i tes .  

. .  

Sphene, hovm t o  conta in   de tec tab le  amounts of t i n  i n  some 

skarn  deposi ts   and i n  some g r a n i t e s ,  i s  l e s s  abundant   than  biot i te .  

Sphene cou1.d no t  be e f f e c t i v e l y  removed from the rock  using  heavy- 

mineral   separat ion  techniques.  

Res idua l   g lasses  are not common i n  t h e  Tay lo r  Creek  Rhyolite. 

Nearly a l l  the r h y o l i t e  has been   dev i t r i f i ed   t o   agg rega te s   o f   qua r t z  

and a l k a l i  . .  feldspar,  hence  no  meaningful  comparisons  could  be made 

r e l a t i v e   t o   t h e   c o n c e n t r a t i o n  of t i n  i n  r h y o l i t e   g l a s s  and the   poss ib l e  

leaching of t i n  during,  or f o l l o v i n g   t h e   d e v i t r i f i c a t i o n  of t he   g l a s s .  

T i n  vas n o t  detected,   us ing  the  emission  spectrograph,  i n  one thin,  

porphyr i t ic   v i t rophyre  mapped in.Paramount Canyon.  However, s i l i c io  

glasses i n  the Naoimiento  volcanic  subprovince  (Fig. 42), of vhioh 

t h i s   d i s t r i c t  i s  a pa r t ,   con ta in  an average of 13 ppm Sn (R. R.'Coates, 

1970, pers .   corn , ) .   Thus ; . the   poss ib i l i ty   does   ex is t  that t i n  could 

have been  extracted  f rom  rhyol i t i   g lass   in   the  Tayior   Creek  area  during 

d e v i t r i f i c a t i o n ,  or  hydro thermal   ac t iv i ty ,   bu t   the   ex ten t   to  which 

such  processes  might have cont r ibu ted   to   the   format ion  of t h e  t i n  

depos i t s  i s  not knovm. It i s  o l e a r ' f r o m   t h e   a l t e r a t i o n   p a t t e r n   i n   t h e  

ind iv idua l   t i n -bea r ing  veinlets  (Fig. 28) tha t   t he   mine ra l i z ing   f l u ids  

moved in to   t he   coun t ry   rock  from t h e   s i t e s  of f r a c t u r e s ,  s o  t h a t   t h e  

f 
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immediato h o s t  rock  prolxib.l.y'waz not t h o  source of t i n   v i a  some kind 

of "lateral secretion." 

Evidence t o  suppor t   the   th i rd   hypothes is ,  t h a t  t i n  was R con- 

s t i t u e n t  or t h e   r h y o l i t e  magma, and was Concent ra ted   in - res idua l  

f l u i d s  and  then was p r e c i p i t a t e d   i n   f r a c t u r e s  o r  c a v i t i e s ,  i s  der ived,  

i n  p a r t ,  f rom t h e   m i a r o l i t i c   f a c i e s  exposed i n  Paramount Canyon. 

The occurrence of t i n  i n  vapor   cav i t ies   wi th in   the   rhyol i te   sugges ts  

t h a t   t i n  was concentrated i n  gas- r ich   l ayers ,  as evidenced by t h e  

abundance of l i thcphysao  and  miaroles.  The presence.of miaro l i t i c  

r h y o l i t e   n e a r  the t o p s  of   the domes ind ica t e s   t ha t   on ly  certain 

por t ions  of  the r h y o l i t e  became water-saturated,   and  near  the  tops 

of t h e  domes, gase-2 were f r e e  t o  escape  under   the  reduced  l i thostat ic  

pressures   near  the  surface of t he  mass. This i s  analogous t o   t h e  con- 

cen t r a t ion  of v o l a t i l e  and  metal   const i tuents  i n  the   cupola   a reas  

of many plutons.  

. .  

The  more extensive  bleaching of rocks   in   the   Taylor   Creek  

prospects  area, where m i a r o l i t i c   c a v i t i e s   a r e   a b s e n t ,   i n d i c a t e s   t h a t  

a great volume o f   h o t   f l u i d s  moved through  th i s  p a r t  of the   vo lcanic  

complex.  The f l u i d s  must have  continued t o  permeate t h e   r h y o l i t e  a t  

l e a s t  u n t i l  t h e   b u l k  of th i s  rook was s u f f i c i e n t l y   s o l i d   a n d   b r i t t l e  

t o  be f r ac tu red .  The fact t h a t   t i n  i s  c o n c e n t r a t e d   i n   v e i n l e t s ,  

r a t h e r   t h a n  i n  mia ro le s ,   ad j acen t   t o . t he  dome margin,   suggests   that  

t he re  was a grea te r   concent ra t ion  of vo la t i les   emi t ted  at  the  margins 

of t h e  dome, a n d   t h a t   f r a c t u r i n g  was su f f i c i en t ly   deve loped   t o   pe rmi t  

escape of the  contained  gases .  The concentrated  re lease of t i n -  ' 

b e a r i n g   f l u i d s  near t h e  margin of t h e  Tay lo r  Creek dome, where v e i n l e t s  

and bleaching a r e  abundant, would be expected  and would  be i n  good 



agreoment  with  roported  obsorvotions of moving luv6  f l o w .  I n  h i s  

d e s c r i p t i o n s  of lava movomont at  P a r i c u t i n ,  Krauskopf (1948) noted 
I 

t ha t   emis s ions  of gas  vore  strongost  ncar t h o  odge of a flow, whoro 

morainal  blocks  'of  lava commonly w r e   n l t o r e d .  The formation of a 

s u r f a c e   c r u s t ,  o r  "brocoia  carapece" on a body of lava  undoubtedly 

serves t o   r e t a i n   g a s e s   t h a t   o t h e r w i s e  v/ould escape from the,f lovr  

du r ing   and   a f t e r   g ros s  movement. 

The l a t e - s t a g e ,   o r   d e u t e r i c   f l u i d s   r e s p o n s i b l e   f o r   t h e   t i n  

mine ra l i za t ion   p robab ly   a l so   con t r ibu ted   t o   t he   b l each ing  and weak 

argil l ization invar iab ly   assooia ted   wi th   the   t in   depos i t s .   There  i s  

widespread  argil l ization,  however,  where nb t i n   d e p o s i t s   a r e  found. 

The low thermal   ranges of s t a b i l i t y  of c lay   minera ls   in .genera1  

(e,g., Hemley and Jones,  1964; Roy and  Osborn,.1954;  Sand,  Roy,  and 

Osborn,   1954) .   suggest   that   the   a l terat ion was not  simultaneous  with 

depos i t i on  of t h e   c a s s i t e r i t e .  White  mica, r a the r   t han   c l ay   mine ra l s ,  

occurs   wi th in   the   t in -bear ing   ve in le t s   themselves .   In  a cool ing 

. .  
v 

r h y o l i t e , m a s s ,   a r g i l l i z a t i o n  of t h e  groundmass  most l i k e l y  would f o l l o w  

t i n  minera l iza t ion  as . the  temperature of d e u t e r i c   f l u i d s   d r o p p e d   t o  

values w i t h i n   t h e   s t a b i l i t y   r a n g e s  of t h e   c l a y  minerals--300°C as an 

approximate  upper limit. Post-metal hypogene a rg i l l i za t ion ,   exp res sed  

p r imar i ly  by  formation of dicki te ,   has   been  reported horn t h e   t i n  

d e p o s i t s  at  Lost  River,  Alaska  (Sainsbury, 1960).  

To  summarize b r i e f ly ,   t he   mine ra l i za t ion   and   a rg i l l i za t ion  of 

the   Taylor   Creek   Rhyol i te   a re  viewed here  as parts of a continuous 

process extending  from t i n   d e p o s i t i o n  a t  temperatures of approximately 

6OO0C t o  r o c k   a l t e r a t i o n  at  lower  temperatures ( less  tinan 30OoC) dur ing  

co'oling of t he   rhyo l i t e   and  its conta ined   f lu ids .  The l o c a l i z a t i o n  



a7 

of t i n  in m i a r o l i t i c   r h y o l i t e   a t  Paramount Canyon i n   t h e  upper p a r t  

of a r h y o l i t e  dome, a s   w e l l   a s  in the   a rg i l l i zed ,   b loached   rock   found 

m a i n l y   i n   t h e  lovrer r h y o l i t e   s e c t i o n  and near   the  dome margins a t  

Taylor  Creek  and  elsewhore,  sug:gests t t~a t  t h e  t i n  was inhomogeneously 

d i s t r i b u t e d  a t  an  ear ly   s tage  during  formation of t h e  flow-domes, 

probably  within  aqueous-r ich  gases   in   different   par ts  of the  bodies.  

Where favorable   temperature   gradients  vmre developed, such as along 

'the  margins of t h e  domes o r  n e a r   t h e i r   t o p s ,   t i n ,   i r o n ,  and   loca l ly  

manganese  and t i tanium  could  migrate o r  be t r anspor t ed  t o  favorable  

s i t e s  of d e p o s i t i o n   i n   t h e   r h y o l i t e .  

. .  
SOUTH KEMP LQiXA-BEAVER CREEK AWA' 

. ,  

" 

. . .General   Features 

The small, rec tangular   a rea  mapped i n   t h e   m e s t e r n   p a r t  of t h e  

t i n   d i s t r i o t  i s  3/4 by 1 mile   in   plan  (Plat 'e  6) .  It i s  idunediately 

south  of K p p  Mesa, a f l a t  upland  underlain by andes i t ic   l ava   f lows .  

The- a r e a  is deeply  dissected by the   d ra inage  of Beaver  Creek,  which 

joins   Taylor   Creek a few miles dovmstream t o  f o r m  t h e  Gila River. 

Beaver Creek has   cu t  a box-like oanyon t o  po in ts  300 t o  400 f e e t  below 

t h e   g e n e r a l l y  f la t  mesa surface,   providing  excel lent  exposures o f  

flow-layered  Taylor  Creek  Rhyolite  and  overlying  andesite  and  basait (? )  

flows. T h i s   s e c t i o n   i n  par t  ove r l i e s   and   i n   pa r t  i s  juxtaposed  against  

the  Taylor   Creek  Rhyol i te .  

. . Five units have  been'distinguished  in  the  immediate  area.  The 

o l d e s t  is the  Taylor  Creek  Rhyolite (Datil Formation),  Oligocene  in 

age ,  and it is overlain  unconformably by andes i te  of EAiocene (? )  age. 
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This   volcanic   suct ion i s  ovorlain by unoonsolidntod  doposits of Ilolo- 

cene a g o ,  which inc lude   to r raco   dopos i t s  bnd f loodpla in   a l luv ium 

along Beaver Croelc and i t s  t r i h u t a r i o s ,  as wol1 as fan and t a l u s  

depos i t s  a t  mouths of t r i b u t a r y  washes  and  on seve ra l   s t eep   s lopes .  

Eluvial   deposi ts   form a thin,   d iscont inuous  cover  on rhyol i te   and  

a n d e s i t e   i n  much of the  upland  area.  

Taylor  Creek  Rhyolite - 
The Taylor  Creek  Rhyolite  appears i n  an arcua te   ou tcrop   be l t  

about 3800 feet   long  (east-west)   end 400 t o  2000 feet  wide  (north- 

south). I n  the  ver t ical   d imension,   approximately 300 t o  400 f e e t  

o f  t h i s   e l o n g a t e  mass i s  exposed  a long  the  easter ly  canyon wall of 

Beaver  Creek (Fig. 33). A s  t h e   r h y o l i t e  i s  t r aced   i n   ou tc rop ' f rom 

east t o  w e s t ,   t h e   s t r i k e  of f low-layering  shif ts   progressively  f rom 

east-west. to   near ly   nor th-south ,   conforming   to   the   genera l   a rcua te  

shape of the.exposed mss. The d i p  of the   l ayer ing   cor respondingly  

s teepens   to   near   ver t ica l ,   and   broad ,   s l igh t ly   over turned   f low- layer ing  

occurs i n  plaoes  'along  the  mestern wall of t h e  Beaver  Creek  canyon. 

c 

On the west and  southwest  margins of  t he   body ,   andes i t e   bu t t s  

against r h y o l i t e  with near-ver t ical   f low-layering.  Tine contac ts  

here   a re   sharp ,   and   the   rhyol i te  groundmass has  been  discolored t o  an 

orange-brown. E f fec t s  of baking  do  not  extend more tiian a few inches  

i n t o   t h e   r h y o i i t e  i n  t h i s  v i c i n i t y .  ' 

mong i t s  nor ther ly   border ,  as exposed on the   no r th  wall of 

Beaver  Creek, t h e   r h y o l i t e  ' i s  unconformably  .overlain by andes i t e  

(Fig. 33) ,  bu t   t he  two u n i t s  become l a t e ra l ly   j ux taposed  as t h e i r  

' contact  i s  followed  westward. The souther ly   border   o f   the   rhyol i te  



Taylor  Creek  Rhyolite.   Flow-layering  strikes  northeast   and  dips 

t h e   r h y o l i t e   i n  the background. 
s teeply  t o  the  northwest .  Note ' t h e   t h i n   l e d g e  of andes i t e   , t ha t   caps  

Fig. 33. View looking  northeast  across  Beaver  Creek a t  t h e  

Fig,  34. Typica l   cass i te r i te -hemat i te   ve in le t   exposed   in   the  
Beaver Creek area. The ve in le t   enorus ts  a par t ing  surfaoe t h a t  is ' 

White c r i s toba l i te   encrus ts   the   b lack   specular   hemat i te .  Hammer f o r  
para l le l   to   the   f low- layer ing   d ipping   s teeply  t o  t he   r i gh t   ( sou th ) .  

sca le .  

89 
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has boon only  approxlmaluly  locntod. I n  tho  Tow plaoo:;  where it i s  

Well exposod,   tho  rhyol i te  has been u l t o r o d   i n  a zone 15 t o  20 f o o t  

wide,   and  locally has been  brocciatod.   I jere   the  rhyol i to  groundmass 

has   been   recrys ta l l ized  and d isco lored  orange-brown by introduced 

i ron  oxides .   Semi-spherical   re l ic t  c l o t s  of una l te red .   rhyol i te ,  l ess  

t h a n  .5 i n c h   i n   d i a m e t e r ,   a r e   p r e s e n t   i n  a fino-grained m t r i x  of ' 

quar t z   and   a lka l i   f e ldspa r .  

The mineralogy  of t h e   r h y o l i t e  is similar t o   t h a t   a l r e a d y  

descr ibed for t h e   a r g i i l i z e d   r h y o l i t e   a t ' t h e   T a y l o r  Creek Prospec ts ,  

bu t   the   phenocrys ts   genera l ly   a re   l a rger .   Sanid ine   c rys ta l s  as long . 

as 12 mm have  been  observed,  and  the  quartz  phenocrysts  range f r o m  

1 t o  5 mm i n  diameter, Phenocryst modes and   san id ine-quar tz   ra t ios  

f o r  t h i s   u n i t   a r e   r e c o r d e d   i n   F i g u r e s  3 and 4. 

The groundmass,  which consists  predominately of  K-feldspar 

and  quartz ,  i s  i n t e r r u p t e d  by pockets i n  which these   minera ls  are 

more coa r se ly   c rys t a l l i zed ,   and  by cav i t i e s   l i ned   w i th   opa l   and   cha l -  

cedony. The groundmass has   been   a l t e r ed   i n   va ry ing   deg ree   t o  m i x t u r e s  

O f  s e r i c i t e   a n d   c l a y ,   l e a v i n g   t h e   r o c k   p o r o u s .   S e r i c i t e ,   < h e  more 

abundant a l t e r a t i o n   m i n e r a l ,  i s  i r regular ly   d i sseminated   and   loca l ly  

. .. 

is c o n c e n t r a t e d   i n   p a t c h e s ,   I n   s i l i c i f i e d   p a r t s  of t h e   r h g o l i t e ,  

s e r i c i t e  is sparse  or  absen t ,   and   co lo r l e s s   t o   pa l e   b rom  cha lcedony  

i s  t h e  dominant s i l i c a   m i n e r a l .  

' Accessory  minerals   include  ol igoclase,   b iot i te ,   sphene,  pseudo- 

brooki te ,   t i t an i fe rous   magnet i te ,   hemat i te ,   and   z i rcon .   Both   the  

occurrence  and  appearance of t h e   b i o t i t e  and  pseudobrookite are 

unusual. The b i o t i t e  i s  t h e   f r e s h e s t  of any  seen  in  t l-2n-soctions Of 

t h e   r h y o l i t e s   i n   t h e   d i s t r i c t .  It a l s o  i s  i n   l a r g e r   c r ; r s t a l s   t h a t  



are strongly  pleochroio,   with Z := rod-brown, X = straw yelloi*/. 

These   c rys ta l s  common:Ly havo opaque rims. The more t x p i c a l   b i o t i t o ,  

as obsorved  olsowhorc i n   t h e   d i s t r i o t ,  i s  vory  weakly pleochroic ,  i s  

pale  brown,  and h a s  boen  almost  complotcly  allerad t o  hemati.te  and 

magnetite. 

Whereas pseudobrookite  occurs i n   c a v i t i e s  i n  t h e   r h y o l i t e  of 

Paramount  Canyon, it h e r e   a p p e a r s   i n   t h e  Eroundmass of t h e   r h y o l i t e  

as aoicular   pr isms.  Tliese  prisms a r e  orange-brown t o  deep  red,   and 

commonly a r e  marked  by l o n g i t u d i n a l   s t r i a t i o n s .  They occur  both as 

ind iv idua l   c rys t a l s   and  as r e t i c u l a t e d   o l u s t e r s ,  8 miorons o r  l e s s  

long. 

Tin-Bearing  Veinlets - 

S e v e r a l   . c a s s i t e r i t e - h e m a t i t e   v e i n l e t s   a r e   p r e s e n t   i n   t h e .  

rhyolite.   Their  mineralogy i s  l i k e  that  of t he   ve in l e t s   d i scussed  

e a r l i e r ,   e x o e p t  tha t  c r i s t o b a l i t e  i s  f a i r ly   abundan t .  They a l s o  

d i f f e r  i n  t h e i r   r e l a t i o n s h i p   t o   t h e   f l o w - l a y e r i n g  of t h e   r h y o l i t e .  

Where t h e y   a r e  most abundant, i n   t h e   c e n t r a l   p a r t  of t h e   r h y o l i t e  

body ,   t he   ve in l e t s   a r e   l oca l i zed   pa ra l l e l   t o   t he   f l bw- lzge r ing  and. 

appear t o  have  been.deposited as c r u s t s  on par t ing   sur faces   (F ig .  34). 

Elsewhere,   the   mineral izat ion i s  i n   s t e e p   f r a o t u r e s '   a l o n g  which l a t e r a l  

movement has occlirrad.  Near  the  southerly  margin of t h e  exposed 

rhyol i te   immediately  east  of Beaver  Creek, f o r  example, a nea r -ve r t i ca l  

shear  zone 5 t o  20 f e e t  .wide i s  weakly mineralized. A t  the   wes te rn  

end  of t h i s  shear  zone, a . 'shear  surface  dips  southeastvard  about SOo, 

and  s l ickensides   on t h i s  sur face   rake  SOo t o   t h e   w e s t .  A t u n n e l ,  

U. S .  Bureau  of  Mines  Adit #8 ~ ' vas,   dr iven  northeastward  for  a d is tenoe  
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of about 180 ' € o e t   i n t o   t h o   r h y o l i t e '   a l o n g   t h i s  s h o w  zono. Soven. 

samplos  Col~eCted by t h e  Bureau i n  a t ravorso  a long  the  tunnol   con-  

tained  an  average of l o s s  t han  .05 percent, Sn (Volin  and  others,  1.947). 

Andesite 

Andesi t io   f lows  that   are  more than  500 f e e t   i n   a g g r e g a t e  

th ickness   near ly   sur round  the  small mass of t i n -bea r ing   rhyo l i t e .  '. 

They may h&ue  been der ived   f rom  sources   in  t he  Black  Mountain area 

6.5  miles t o   t h e  vrest,  where a grea t   th ickness  of intermediate  t o  

b a s i c  (?) rocks i s  present .  The rocks  exposed  along  Beaver  Creek 

, have  not  been  dated,   but  they  are  thought , t o  be temporal  equivalents 

of similar rooks of t h e  Bearwallow  Mountain  Formation, the  age  of -.. 
. I  

which has been  determined as about 21 mi l l ion   years  (W. E. E l s ton ,  

1971, wr i t t en  c o n . ) .  

A few  samples were col lected,   but   no  a t tempt  vias made t o  sub- 

divide  these  rooks i n  t h e  f ield.  More bas ic   rocks  may be present  

w i th in   t he   s ec t ion  mapped as andes i te .  Tinese f l o w  i n   g e n e r a l   a r e  

dense t o   v e s i o u l a r  pyroxene andes i t e s ,   l i gh t   g ray  t o  dark  gray  and 

with a platy  weathering  habit .  A chemical   analysis   obtained  for  one 

of t hese   rocks   i nd ica t e s  a r a t h e r   h i g h   s i l i c a   c o n t e n t  of 63 percent .  

A complete  chemical  analysis of t h e   a n d e s i t e  i s  recorded in Table V I .  

' ' The andes i t e  i s  a p h a n i t i c   i n   t h e  hand  specimen,  but  under t h e  

microscope t iny  phenocrysts  of ,andesine  and  pyroxene  constitute as 

much as 32 percent of t he   rock .   These   a r e   s e t   i n  a matrix of b lack  

glass or   micro l i t i c   p lag ioc lase .  Two pyroxenes, .augite  and  hypersthene, 

are   present   both as microphenocrysts  and i n   t h e  groundmass. The 

augi te   has   pale   green  to   pinkish  pleochroism,  and it commonly is 



n~ontled by yull.ov~ish-brown hornblondo.  Tho groundmass pyroxeno:j 

a r e  e;encrroll.y a l t o r o d   t o   b i o t i t o .  

I n  th'u vusicular   rocks of t hc  ando:sito s e c t i o n ,  zooli-te::  and 

chalcedony  aro  presont as cav i ty   f i l l i ng : ; .   S t i l b i t a   appea r s   t o  be 

t h e  dominant.   zeoli te.  

Holooene Deposits 

Unoonsolidated  deposits o r  unknown th ickness   oomr   approxi -  

mately one qua r t e r  of t h e  map a rea .   Th in   e luv ia l   depos i t s   a r e   t he  

most widespread,  and  consist of sand ,   g rave l ,  and  bouldery  debris 

der ived froin  underlying  andasite  and  rhyolite.  Gila Conglomerate 

may unde r l i e   t he   e luv ia l   b l anke t   t o   t he   sou th ,   a l t hough  no outorbp 

of tha t   format ion  was observed i n   t h e   a r e a   s t u d i e d .  Younger stream 

and  fan  deposi ts   are   oonfined t o  the   p resent  f l o o r  of  Beaver  Creek. 

Minor.accumulations of t a lus , and   s l i de   deb r i s  ocour on t h e   s t e e p  

v a l l e y   s i d e s .  . .  

Relat ionships  between the  Black Range l o d e   t i n   d e p o s i t s   a n d   t h e  

Taylor  Creek Rhyoli te   discussed i n  the  previous  sect ions  ccn be 

summarized b r i e f l y   h e r e  as follows: (1) t h e   t i n - m i n e r z l i z e d   r h y o l i t e  

forms several   conspicuous flow-domes i n   t h e   T e r t i a r y   v o l c a 3 i c   s e c t i o n  

of the  Black Range, (2) l o d e   t i n   c c o u r s   i n   m i a r o l i t i c   c a v i t i e s   w i t h i n  

p o r p h y r i t i c   r h y o l i t e   a n d   a l s o   i n   c a s s i t e r i t e - s p e c u l a r i t e   v e i n l e t s  

t h a t   t r a v e r s e   t h e   r h y o l i t e .   I n   t h e   m i a r o l i t i c   r h y o l i t e   o o c u r r e n c e ,  

suoh as t h a t  found i n  Paramount  Canyon, c a s s i t e r i t e  ooours  primarily 

i n -  vugs   and   l i thophysa l   cav i t ies   in   assoc ia t ion   wi th  hematite, q u a r t z ,  
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a lka l i   f e ldspa r ,   b ixby i to ,   p seudobrook i t e ,   t opaz ,  and  monazite. More 

commonly, t i n  i s  present  as c a s s i t ) e r i t e   i n   v e i n l e t s  t h a t  are   confined 

t o   t h e   a r g i l l i z e d   f a c i e s  of the   rhyol i te ;   moreover ,   these   ve in le t s  

generally  crop  out  ‘around  the  margins of t h e  flov/-dornes.  The t i n -  

b e a r i n g   v e i n l e t s   a r e  zoned  and consis t  dominantly of specular   hemat i te ,  

wi th   quar tz ,  alkali f e l d s p a r ,   c a s s i t e r i t e ,   t o p a z ,  and c r i s t o b a l i t e .  

The a l k a l i   f e l d s p a r  commonly i s  s e r i o i t i z e d   a d j a c e n t   t o   t h e   v e i n l e t  

walls, and (3) t h e   o r i e n t a t i o n  of ve in l e t s   and   t he   gene ra l   l ack  of 

s h e a r i n g   p a r a l l e l  t o  t h e  .walls of the   t in -bear ing .   f rac tures   sugges t  

t h a t   t h e   v e i n l e t s   a r e   t e n s i o n a l   f e a t u r e s  which  formed at  a l a t e  s t age  

i n   t h e   c o o l i n g   h i s t o r y  of t h e   r h y o l i t e ,  and (4) t h e   t i n   d e p o s i t s   a r e  

thought t o  be g e n e t i c a l l y   r e l a t e d ,  o r  indigenous t o  t he   hos t   rhyo l i t e .  

The presence of c a s s i t e r i t e   i n   m i a r o i i t i c   c a v i t i e s   s u g g e s t s   t h a t   t i n  

vas prec ip i ta ted   f rom o. gas  phase  that  mas evol ied  during emplacement 

of t h e   r h y o l i t e .  Where the   rhyo l i t e   vas   su f f i c i en t ly   f r ac tu red ,   and  

where the   t i n -bea r ing   f l u ids   cou ld   r ead i ly   e scape ,  such as around, the  

margins of t h e  flom-domes, t i n  was p r e c i p i t a t e d   i n   f r a c t u r e s  i n  t h e  

r h y o l i t e .  The a s s o c i a t i o n  of ca s s i t e r i t e   w i th   t he   h igh   t empera tu re  

oxide  minerals ,   b ixbyi te   and  pseudobrooki te ,   indicates   that  a t  l e a s t  

some  of t h e   c a s s i t e r i t e  was deposi ted at  high  temperatures,   about 

600%; t he   ve in l e t   occu r renoes  may have  been  deposited at  somewhat 

lower  temperatures. 

. .  

. .  

. .. 

, 
ALKALI FELDSPARS 

Introduotory  Statement 

A reconnaissanoe  study of t h e   a l k a l i   f e l d s p a r s  was undertaken 
. .  

t o  d e t e r m i n e   t h e   e x t e n t   t o   v h i c h   t h e s e   f e l d s p a r s   d i f f e r   i n   t h e i r  



op t i ca l   p ropor t i t s ,   s t ruc -Lurn l  s t a to ,  and  composi'tion i n  t h e  aroas 

s t u d i e d ,   t o   l e a r n  what ~fi 'ac- ts ,  i f  any ,   a rg i l l i c   a l t e r a t ion   has   had '  

o n   s t r u c t u r a l  S L & Q  and composition of t heso   f e ldspe r s ,  and t o  compare 

cornpositions 'among Several   generat ions of a l k a l i   f e l d s p a r ,   i n c l u d i n g  

those   i n   phenoc rys t ,   dev i t r i f i od   g roundmsss ,  and veinlet   assemblages.  

Toward these  ends,   uni t -cel l   parameters  were determined f o r  

unhomogenized a lka l i   f e ldspa r   phenoc rys t s   t ha t  were hand  picked f r o m  

nine  samples  of r h y o l i t e ,  ,as wel l  as f o r  groundmass fe ldspar  from 

t w o  of these  samples. The feldspar  samples were ground  under  acetone 

i n  an aga te  mor ta r ,  and then  were X-rayed,  using  spinel as a n   i n t e r n a l  

s t anda rd  (ao = 8.0833 A at 2 5 O C ) .  The Guinier-DeWclff  focusing camera 

and CuKd r a d i a t i o n  were employed,  with f i l m  exposures bf 41  hours, 

or  18SS. Unit-cell   parameters were c a l c u l a t e d ,   u s i n g   t h e   l e a s t  

squares.program  developed by Evans  and others  (1963).   Calculated 

pa t te rns 'o f   san id ine   ce l l   d imens ions   f rom Borg  and  Smith  (1969)  were 

used as s t a r t i ng   pa rame te r s  f o r  the  ref inement   progrzm,  using  the 

f ixed   index   op t ion ,   In   addi t ion ,  28 spacings were obtained by 

X-ray d i f f r a c t i o n   f o r   a l k a l i   f e l d s p a r s  f r o m  eighteen  semples of por -  

phyri t ic   rhyol i te ,   including  phenocryst   and  assooiated groundmass 

phases.  From one of these  samples  three  generations of f e ldspa r  were 

obtained,   including  phenocryst ,   groundmass,   and  veinlet   phases .  

Their   composi t ions were  dbterminad by measuring t i e   d i f f e r e n c e  betvreen 

0 

P 

(201) 

,2@(201) 
of f e l d s p a r  and 28 of  qua r t z ,   fo l lov ing   t he  method of ( l o io )  . 

T u t t l e  and Bowen (1958, p. 12). 
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Phenocrysts 

The alkal i   : fe ldspar   phenocrysts  are  sanidine.  They. genera l ly  

are 2 mm o r  l e s s  i n  l o n g t h ,  but some a r e   a s  much as 12 nun long 

(e-g., at  t h e  .Beaver  Creek loca l i ty ) .   Car l sbad   twinning  is  common, 
, .  

a n d   t h e   c r y s t a l s   a p p e a r   t o  be unzcned. The san id ine  i s  mic rope r th i t i c ,  

with  exsolved  uni ts  of soda- r ich   fe ldspar   tha t   genera l ly   can  be resolved 

at 80x magnif icat ion o f  l e s s   ( F i g .  35)" This   exsolut ion  probably 

con t r ibu te s  t o  the   beaut i fu l ,   pa le -b lue  "moonstoneT8 chatoyancy of 

most c r y s t a l s .  The a l b i t i c  phase  has  been  exsolved  parallel t o  (001) 

of t h e  host san id ine ,  and it forms discont inuous   s t r ingers   across  

the   wid th  .of i nd iv idua l   c rys t a l s .  

Idinute inc lus ions  of b i o t i t e  and  opaques, as !vel1 as a p a t i t e  (? )  , 
are present   in   the   phenocrys ts .  A l l  the   san id ine   phenocrys ts   a re  

fresh, with .only s l i g h t   a r g i l l i z a t i o n  and s e r i c i t i z a t i o n   a l o n g  

cleavage  and  f racture   surfaces .  

. .. 

Optic  angles (2Vx) were measured i n   t h i n - s e c t i o n  f o r  more than  

100 c r y s t a l s  f rom e ighteen   samples ,   u t i l i z ing   the   un iversa l   s tage .  

Measurements of 9 t o  27 c r y s t a l s  were made f o r  each  sample,  and  these 

a re   r eco rded . in   F igu re  36. Considerable  range i n  2Vx is  noted among 

the phenocrysts,  even i n  one th in-sec t ion .  An average  range of 12' 

was found  per   thin-sect ion o v e r a l l .  From one sample t o  a n o t h e r ,   t h e  

grea tes t   range ' (29 ' )  was found among the  seven  samples  from  the  Taylor 

Creek Prospects '  area ( P l a t e  4). Generally,  only two samples were used 

from  each  area.  

Of t h e  s i x  areas  sampled, f o u r  yielded  an  average of 40°, with 

a mean of 2Vx = 35' f o r  sanidine  phenocrysts f rom r h y o l i t e  a t  Beaver 

Creek  and  porphyri t ic   vi t rophyre,  Paramount Canyon. 
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. .  

Fig. 35. Photomicrograph of sanidine  phenocryst ,  :$bowing 
a l b i t e   e x s o l u t i o n   l a m e l l a e   p a r a l l e l   t o  (001). The phenocryst i s  
p r e s e n t   i n  a porphyr i t ic   v i t rophyre ,  Pzramount Canyon. Obliquely 

1 

, I  

i 

crossed polars,  288x: . 

1. 
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A -  compariso~l   a lso was rnndo botwoell scillidinos of Lloachod, 

a r g i l l i z o d   r h y o l i l , ~  and fresh,   non-argi l l i+xi   rhyol iCo , althougli i n  

both  rock  types kb.e phenocrysts  oppoar t o  be unal tered.  Tho samples 

were taken f rom rhyol i tes   near   Taylor  Peak.  Optic  angles  for  sanidirles 

f rom  the  argi l ' l izod  rhyol i te   average 39' ; f o r   t h e   n o n - a r g i l l i z e d   u n i t ,  

2V = 40' (Fig. 3 6 ) .  Apparently, Che a r g i l l i z a t i o n   p r o c e s s  has had 

n o   e f f e c t  on t h e   o p t i c   a n g l e s  of these  K-feldspar  phenocrysts. Hydro- 

t h e r m a l   a c t i v i t y  may have some e f f eo t  on t h e   o p t i c s  of a l k a l i   f e l d -  

spars.  For  example,  Chapin (1965) found t h a t  post-emplacement . .  

. .  

.. 
. .  

t 
> ..: .~ 
I ,  

. vapor-phase o r  hydrothermil l   act ivi ty  formed a zone of higher  ZV along 

the edges of some san id ine   c rys t a l   f r agmen t s   i n  two ash  f lows of t h e  . .  

Thirtynine  Mile  Volcanic  Field,  Colorado. 

s t r u c t u r a l  - S t a t e  
. .  . .  

The u n i t - c e l l  dimension; of alkali  f e ldspa r s  from several   samples 

of  Taylor  Creek  Rhyolite  are  recorded  in  Table V. Sample  numbers 

followed by (P)  denote  phenocrysts,  (G) groundmass,  and ( V )  v e i n l e t  

fe ldspar .   Fol lowing  the  suggest ions of other   invest igztors   (e .g . ,  

Wright  and Stewart ,  1968), ce l l   re f inements   wi th  a s tandard e r r o r ,  

SE, grea te r   t han  20 = .02' are deemed unacceptable,  These  are merked 

by a n   a s t e r i s k  (*) i n  Table V. On t h i s   b a s i s ,   h a l f  t'ne refinements 

f a l l  outs ide  the  acoeptable   s tandard e r r o r .  Locations f o r  t h e  above 

samples   are   indicated on P l a t e s  2 ,  5; and 6,  and  rock  types  are   dis-  

cussed   fa r ther  on. 

. .  

Cell   edges are fur ther   rpcorded  on a re ference  b-c p l o t  
" 

(Fig. 37). The axial  dimensions of most  phenocrysts  are  clustered, 

and   t hey   p lo t   o f f   t he   h igh   a lb i t e -h igh   s an id ine   equ iva len t   s e r i e s .  
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BC-191' .79  8.5618 12.972G 7.1611 116'04.39 714.43  0.009  18/20 
0.0013  9.0014 0.0008 0.7  0.13 

BC-19G' .87 8.5848 12.9'1'75 7.1G18 115 52.70 717.89  0.039  19/20 
0.0049 0.0058 0.0035 3.3 0;48 

TCN"IP* .85 ' 8.5844 12.9613 7.1595 115  50.13' 716.98  0.039 11/11 
0.0069 0.0098 0.0044 4.6 0.77 

TCW-36V" .875 8.5641 13.0140 7.1725 116 01.95  718.29  0.039 18/18 
0.0052 0.0055 0.0033 . 3.5,  0.54 

BRN-llP .805  8.5826 12-9502 7.1622 116 05.17 714.95 0.027 17/19 

0.0039 .0.0063  0.0041  2.6 0.49 

pC-lp* .79 8.5960 12.9183  7.1565 116 01.22'  714.15 0,047 19/26'  
0.0059  0.0104 0.0057 4.7 0.71 

PCN-47P .785 8.5515 12.9744 7.1620 116  02.52 713.95 0.018 23/24 
0.0021 0.0035 0.0016 1.2 0.22 

PCS-31P. .78 8,5681 12.9651 7.1559 116  07.41 713.72 0.018 15/15 
0.0027 0.0061 0.0019 1 ;4 0.33 

ScC-26P .8L 8,5764 12.9631 7.1598 116 02.70 715.17 0.018 16/19 
0.0029 0.0044 0.0030 1.7 0.31 

ScC-26G* .8'7 8.5901 12.9695 7.1665. 115 54.97 718.11 0.040 18/18 
0.0062 0.0083 0.0036 3 .O 0.53 

SoC-35P: .86 8.5802 12i9672 7.1744 115  59.41 717.51 0.029 11/11 
0.0050 0.0122 0.0056 3.3 0.76 

TCW-11P .82 8.5732 12.9711 7.1607 116 01.35 715.57 0.022  14/17 
0.0033 0.0043 0.0027 1.7 0.36 

' 
- Mol f r a c t i o n  KAlSi. 0 calculated  f rom  the  expression Nor = A + 

2 3 8 '  
BX + CX (Luth  and Q u e r o l - S u k '  , 1970) us ing   Orv i l l e ' s   da t a  (1967) 
Vlhhore A ,  H, C a re   cons tan ts   and  X i s  c e l l  volume. 

SE - Standard  error  o f  observation of un i t   \migh t .  

Ref - n/m, number of l i n e s   u s e d   i n  refinement/number  of  input 
d i f f r a c t i o n   l i n e s .  

* - SE t o o  high  for   acceptable   ref inement .  
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Following  tho  1.ormi~lol.o~y o€ Wright, and  Stowart (1968), those   fo ld-  

spars   ropresont   tho  "low sonid ine"   s t ruc l .ura1   s ta te   and   a re  "anomalous" 

( a  re f inod  - a est imated from b-c plot  excoeds 0.2 i). Phenocrysts 

from  samples ScC-35 and D R N - 1 1  p lo t   no t icoably  removed from t h e  o lus -  

t e r ,  which probably  reflQCtS a h igh   s tandard   e r ror  (.027-.029) i n  

ce l l   r e f inemen t   r a the r   t han   ac tua l   d i f f e rences  i. s t r u c t u r a l   s t a t e .  

- - " 

Plo t s  f o r  f o u r  of the  phenocryst   samples   c luster   about   the 

K-exchanged s e r i e s  o f  t h e  Puye sample, a low sanidine  f rom  the  Bandel ier  

T u f f ,  Jsmez  Mountains, New Mexico. Three of these  samples,  PCN-47, 

BC-19, and TCW-11, which ' y i e ld   nea r ly   i den t i ca l   ce l l   d imens ions ,  are 

diverse  both i n  geographical   locat ion  and  rook  type,  PCN-47 repre-  

sents  phenoorysts f rom a - t h i n   u n i t  of reddish   porphyr i t ic   v i t rophyre  

i n  Paramount Canyon', TCW-11 whi t e ,   a rg i l l i zed   rhyo l i t e   f rom  the   Tay lo r  

Creek  Prospects,  and BC-19 sanidine  phenocrysts  from a small mass of 

l i gh t  g ray   rhyo l i t e  a t  Beaver  Creek ( P l a t e  6),  along  the  ,western  edge 

-.. 

. .  
. .. 

/ of t h e   d i s t r i c t .  . .  

Cell   ref inements  f o r  two  samples of  groundmass f e l d s p a r ,  BC-19 

. and ScC-26, involve a high  standard  error  (.039-.040). It i s  never- 

t h e l e s s   s u r p r i s i n g   t h a t   t h e  groundmass  phases a r e  similar i n   s t r u c -  

tu ra l  s t a t e   t o   t h e i r   a s s o c i a t e d   p h e n o c r y s t s .   D u r i n g   t h e   d e v i t r i f i -  

ca t ion  o f  g l a s s ,  which  presumably takes   place at  lower temperatures 

than  the c rys t a l l i za t ion   t empera tu res  of phenocrysts, one might  expect 

greater   Si /&  order ing . i n  the   fe ldspar   s t ruc ture .   Yet ,   exper imenta l  

d e v i t r i f i c a t i o n  of r h y o i i t i c  glass i s  known t o  produce ' a l k a l i   f e l d s p a r  

of s i m i l a r l y   h i g h   s t r u c t u r a l   s t a t e .  Based on t h e   l i m i t e d  number of 

samples  and the   gene ra l ly  poor  re€inoment of t h e  groundmass  phases, 

no firm conolusions  can  be drawn rega rd ing   t hese   s imi l a r i t i e s .  

. .  
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" 

ind ica t ,e   oanid ino   tha t   d i f fe rs  from tho  phenocryst and groundmass 

f e l d s p a r s   i n   t h a t  it p l o t s  on t he  opposi te   s ide of the  high  sanicline- 

h i g h   a l b i t e   s e r i e s ,   c o r r e s p o n d i n e   t o  t l ~ ?  pos i t ion  of t he   syn the t i c  

f e l d s p a r   s e r i e s  of Luth and Querol-Sui66 (1970).  Unfortunately,  it 

a l s o   h a s  a high  standard e r ror  of  refinement ( .039) ,  y e t   t h e   s h i f t   t o  

a s l i g h t l y   h i g h o r   s t r u c t u r a l   s t a t e   c o u l d  be expec ted   for   th i s   occur rence ,  

assuming a more r ap id  growth i n  a high-temperature, low-pressure gas 

medium. ,This   fe ldspar ,  which i s  se r i c i t i zed   and   a s soc ia t ed   w i th  

hemat i te ,   cass i te r i te ,   and   topaz ,   p robably  i s  more s i g n i f i c a n t  from 

the   s tandpoin t   o f .composi t ion   than   s t ruc tura l   s ta te .  

Composition 

The compositions of t h e  unhomogenized, mic rope r th i t i c  pheno- 

c rys t s   d i scussed  above  werevdetermined  from  both  refined c e l l  volumes 

(Table V) and 201 r e f l e c t i o n s  from XRD data.  Because a l l  f e l d s p a r s  

s tud ied  mere found t o  be  "anomalous,'l the  a-cell   dimension  cannot  be 

used t o  accurately  determine  composition. However, fo l l cwing   t he  

- 

suggestion of VJright and  Stewart (1968, p. 71) ,  " o e l l  volume. . .is 

pa r t i cu la r ly   u se fu l   i n   e s t ima t ing   t he   compos i t ion  of anomalous  phases, 

on t h e  premise t h a t   t h e  atoms  occupy t h e  same volume rega rd le s s  of 

the   conf igura t ion   of   the   un i t   oe l l . "   Therefore ,  Nor, t h e  mol f r a c t i o n  

of KAlSi 0 i n   t h e   h o s t   p o t a s s i c   p h a s e ,  vas calculeted  f rom  the 

polynomial  expression, Nor = -17.261 f 2.03625X i- 0.009805X2 (Luth 

and Querol-SUM, 1970), whebe X = u n i t  oell volume. Constants were 

3 8  

taken  from the work of Orv i l l e  (1967), and N (mol  f r a c t i o n  of 

NaAlSi308) of t h e   a l b i t i c  phase was estimated  from  Orville 's   graph 

Ab 
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(19G'7, p.  '75). Composi t ions  are   near ly   idont icul  among tho  phenocryst  

phases. N ranges  from 7 8  t o  82 poroent   for .   the   fe ldspar   ref inements  

t h a t  are cons iderod   re l iab lo .  However , would be axpocted t o  

decrease by about 10 t o  15  m o l  porcent  following  homogenization. 

I n  two  samples of groundmass f e l d s p a r ,  BC-19 and ScC-26, t h e  Or 

content  (about 87 percent   in   each)  was found t o  be higher   than that  

of phenocrysts (79 and 81 porcent ,   respect ively)   f rom  the same hand 

samples .   .Alkal i   fddspar   f rom one t i n -bea r ing   ve in l e t ,  similarly, i s  

h igh ly   po ta s s i c  (Or 88 percent) .  

Or 

*or 

.x -  
' ~. 

Compositions a l s o  wire determined,  but less s a t i s f a c t o r i l y ,  by 

X-ray d i f f r a c t i o n , - . w i n g   t h e  FOl r e f l e c t i o n  of phenocryst,  groundmass, 

. ' and  ve in le t   fe ldspars   accord ing  t o  t h e  method of Tut t le   and  Bovlen 

(1958, .p. 12). Compositions  determined by t h i s  method i n d i c a t e   t h e  

presenoe  of  both  potassio  and  sodic  phases i n   t h e  groundmass also.. 

E r r o r s  i n  e s t ima t ing  Or composition by t h i s  method, genera l ly  4 t o  11 

mol percent   higher  than i n  composi t ions  calculated  f rom  ref ined  cel l  

volumes, are believer3  due, i n  l a r g e   p a r t ,   t o   t h h   l a c k  of sharp,  vrell- 

def ined EO1 r e f l e c t i o n s   i n  many samples.  Because of t h i s  problem, 

l i t t l e   d i f f e r e n o e  was noted  betmeen the   o r thoc lase   conten t  of ground- 

mass and   t ha t  of phenocryst  phases, i n   c o n t r a s t   t o   r e s u l t s  f r o m  t h e  

ce l l   r e f inemen t  method.  The compositions  derived  from  cell  volumes 

a re   be l ieved   t ,o  be more accurate.. 

, .  

Discussion 

The appa ren t   s imi l a r i t i e s   i n   compos i t ion   and   s t ruc tu ra l  s-l;ate 

among t h e  a lkal i  fe ldspar   phFnocrys ts   f rom  severa l   d i f fe ront   loca l i t i es  

w i t h i n   t h e   d i s t r i c t ,   r e p r e s e n t i n g   y i t r o p h y r i c ,   d e v i t r i f i e d ,   a n d   o t h e r  
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t e x t u r e s ,   s u g g e s t  a similar ear ly   composi t ional   nnd ' thermal   his tory.  

Furt l~ermoro,   the   absence of s e r i a t e   t e x t u r e  of the  phenocrysts ,   and 

t h e i r   a p p a r e n t .   i a c k  of zoning in th in - sec t ion   suppor t   t he   no t ion  

of i n t r a t e l l u r i o   c r y s t a l l i z a t i o n   w i t h i n  a common  magma chamber. 

Postiemplacement processes, i n c l u d i n g   t h e   d e v i t r i f i c a t i o n  of glass 

a n d   a r g i l l i z a t i o n   w i t h i n   t h e  groundmass,  appear t o  have  had l i t t l e  

e f f e o t  on the alkali feldspar  phenocrysts.  The three   geographica l ly  

sepa ra t e . rhyo l i t e   masses .d i soussed   ea r l i e r  may well  have  been  derived 

f rom t h e  same magma source.   This   conclusion i s  fur ther   supported by 

modal a n a l y s i s  of these  rocks,   and by bulk  chemical data d iscussed  

farther on,  The r e l a t i v e l y   h i g h   s t r u c t u r a l   s t a t e  of t h e s e   f e l d s p a r  

phenocrysts i s  t o  be expected i n  a volcanic  environment  characterized 

by high  temperatures  and r e l a t i v e l y   r a p i d   c r y s t a l l i z a t i o n ,  and implies  

t h e   l a o k   o f   e x t e n s i v e   r e c r y s t a l l i z a t i o n  at  lot7 t o  moderate  temperatures 

The  more potassic  composition and appa ren t ly   h igh   s t ruc tu ra l  

s ta te  of t h e  groundmass f e ldspa r  i s  unexpected, if i n  fact t h e s e  

d i f f e renoes  are r e a l .   D u r i n g   f r a c t i o n a l   c r y s t a l l i z a t i o n  of a po tas s i c  

g r a n i t e  melt, alkali feldspar   phenocrysts   ideal ly  mould be more 

p o t a s s i c   t h a n   t h e   l i q u i d   f r o m  which they   a re   be ing  formed (Tut t le   and  

Bowen, 1958; Carmichael, 1963). Assuming' that   the   l iquid vas 

quenched  sometime after phenocrys t   c rys ta l l iza t ion ,   . the  groundmass 

thus  should  be more sodic   than  the  phenoorysts ,  and t h i s   d i f f e r e n c e  

should   be   re f lec ted  by the compositions of groundmass f e l d s p a r s  formed 

by d e v i t r i f i c a t i o n .  However, a l k a l i  exohange is  comnon i n  s i l i o i c  

rocks ,   and  it can be expected t o  a l t e r   t he i r   o r ig ina l   oompos i t ions  



The prosunce of s a n i d h e  i n  v e i n l e t s ,   i n   a s s o c i a t i o n  with 

c a s s i t o r i t o ,   h e m a t i t e ,  an& topaz ,  i s  compatiblo  with  the  high 

tempera tures   in fer rod  f o r  t h e   t i n   m i n e r a l i z a t i o n   i n   m i a r o l i t i c  

c a v i t i e s  at Paramount Canyon. Yet, it i:; rocoenized  that   , several  

o the r   va r i ab le s   i n f luence   t he   a lka l i   f o ldspa r   o rde r ing   and   oompos i t ion ,  

including  pressure  and  chemical  environment  (e.g. ,   Luth  and  Tuttle,  

1966; Martin, 1969;  Luth  and Querol-Su%$, 1970). A t  r e l a t i v e l y  low 

pressures   and at  temperatures  above  and  below  the  solidus,   the  vapor 

phase i n  equi l ibr ium  with  grani te  is dep le t ed   i n   po ta s s ium  r e l a t ive  

to   c rys ta l l ized   .phases   (Luth   and  T u t t l e ,  1969). A vapor-deposited 

. 

f e l d s p a r  more potassic  than  phenocryst  and  groundmass.  compositions 

t h e r e f o r e  would not  be  expected i f  the  vapor  were i n   e q u i l i b r i u m  

with the   a l ready-crys ta l l ized   phases ,  O f  course,  a r e l a t i v e l y  ' 

p o t a s s i c  oomposiLion  might result   under  non-equilibrium  conditions by 

alkali exchange.  perhaps at  o ther   t imes ,  betmeen  vapor  and  groundmass 

or  phenocryst  phases.  Orville  (1963)  has shown t h a t   f r a c t i o n a t i o n .  

of a l k a l i s  between  water   vapor   and  fe ldspar   crystals   in   the  system 

KAlSi 0 -NaAlSi308-NaC1-KC1-H 0 is  strongly  dependent upon temperature.  

i d ,  because   the   a lka l i   ra t io   in   the   vapor   phase   var ies   wi th   t empera-  

%we,  a compositional  gradient i s  produced. In  experiments  conducted 

" 

3 8  2 

a t  7OO0C, 2 kb  water  pressure,   and  involving a temperature   gradient ,  

Orvi l le   found  tha t  K p r e f e r e n t i a l l y  moved,down the  temperature  
+ - 

grad ien t ,   en r i ch ing   t he   coo l  end  of t h e  bomb i n  K-feldspar,  while Na 
+ 

moved t o   t h e   h o t  end. ' 

Cer ta in ly ,  a re la t ive ly   h igh   tempera ture   g rad ien t  would e x i s t  

i n  3 cool ing   lava  f l o w  betvtee'n t h e   i n t e r i o r  and i t s  surface.   There- 

fo re ,  a more potassium-rich  feldspar  could be expected t o   p r e c i p i t a t e  



p l~asos ,  or magnln, p rov idud  t l ~ o  r h y o l i t e  wore vapor-saturated  and tlrai 

the above oxporlmol!-Lal dnta  can be ox?.repol.~ited t o  su r face  pl~~ssure:; .  

. CKXXIST!li' OF TIE VOLCANIC ROCKS 

General  Statement ' . .  

The resu l t s  of bulk chemical an& trace-element   analyses  of , 

volcanic   rocks  sampled  in ' the  Taylor   Creek  area  are   recorded i n  . 

Table  V I .  Norms, based on these  analyses  and  calculated  by  computer,  

a l s o  are l i s t e d .  The four teen   ana lyzed   samples   represent   par t s  of 

t h e   t h r e e   r h y o l i t e  masses t h a t  were studied;  samples  from tvro pjrro- 

clastic sec t ions   and  one andes i t ic   sequence   ' a l so   a re   inc luded .  Some 

samples  were  honogenized  to-provide a reasonab ly   r ep resen ta t ive  samr,le 

of each   un i t .  Sample l o c a t i o n s  and t r a v e r s e s  %e noted on the   .geologic  

maps, P l a t e s  2,  5, and 6.  
Y I  

An impor tan t   ob jec t ive   in   the   ana lyses  of t h e   r h y o l i t i c   r o c k s  

w a s  t o   t r a c e  chemical  changes  that  were involved   in   the   b leaching   end  . 

weak a r g i l l i z a t i o n  of considerable  volumes o f  rock.  Several   sample 

pairs, rep resen t ing   bo th   f r e sh  h t  d e v i t r i f i e d   r h y o l i t e   a n d   b l e e c h e d  

r h y o l i t e '   e q u i v a l e n t s ,  were obtained from p a r t s  of the   Boi le r   Peak  ' 

and  Taylor  Creek.domes. 



TABLE VI 

Chemical,  normative,  and  trace-element  analyses of voloanic 
Taylor Creek and  Beaver Creek areas,   Black Range, New Mexico 

2 BC- TCW- TCW- A- A- A- A- A- / PC- A- SCC- SCC- SCC? ac- 
, .  

11-18  28A  6-24  15-16  17-18  19-23  13-14 8-12 Cr 1-7 23-30  34-38.  300  203 

'"*'"* 17237  17234  17236  17225  17223  17226  17231  ,17227 ' 17229  17228  ,17235  17232  17230  17224 
Lab. No. 

Sample No. 1 2 3 4 5 6 7 8 9 ". 10. 11 . 12  13  14 

Si02 74.8  77.1 75.0 74.4 75.7 76.0 75.2 73.1 73.3 75.5 74.71 75.7. 73.76 63.08 

Al2O3 12.4 11.8 11.9 12.0 13.7 12.4 12.8 13.66 12.1 12.5 11.21 12.7 12.69 17.4 

Ti02 0.1'7' 0.27 0.16 0.17 0.03 0.15 0.15 0.12 0.17 0.15 0.18 0.22 0.15 1.37 

F0203 1.24 . 1.50 1.47 1.91 1.36 2.06 2.12 1.81 5.02 1.81 , '1.59 2.10 1.88 4.71 
FeO 0.04 0.06 0.04 0.05 ,0.12 0.07 0.06 0.08' .- 0.07 0.05 0.07 0.03 2.05 
IdnO 0.06 . 0.05 0.05 0.08 0.05 0.06 0.05 0.07 0.16 0.07 0.04 0.08 ,0.06 0.09 

Kg0 0.41 0.33 0.55 1.85 0.62 0.52 0.33 0.33 0.25 0.45 1.07 0.17 1.02 . 0.98 . 
C a0 0.68  1.31  0.40 1.67 0.49  0.46  0.39  0.95 0.50 0.G6 1.05 .0,33 '2.16 

. _  NazO 3.,64 ' 4.43  3.55  2.46  3.65 3.81 4.06  3.93  3.48  3.84 5.05 .5.20 . 2.03 5.66 5.15 0 
K2O 
H20 0.10 0.21  0.13  1.14  0.29  0.26 0.18 0.20 0.10 0.12 0.61 0.11 2.81 0.45 

PZ05 
0.02 - . 0.01 0.01 ' 0.01. - 0.08  0.04 0.04 0.04 0.02 ,0.01 . - , 0 .02 

6;54  4.10  6.10  3.90  3.80  4.10  4.10  4.20  4.60  4.30  4.10  4.50 2.40 2.00 

.. 
' T o t a l  101.10 101.16 99.66  99.64  99.82.  99.89  99.52  98.53  99.72  99.41  99.68 101.19 99.04  101.84 

w 
0 
Q 

. .  
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TABLF: VI (oont'd.) 

CIPW Norms 
. .  

Sample No. 1 2 3 4 
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Ac 

w 0 
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Mt 

Ht 
. I1 ' 

R 

Ap 

c c  

SP 

- 
28.07 

- 
38.65 

27.37 
- 
3.02 

1.27 

-1.02 
- - 

.0.20 

0.21 
- 

0.05 . 
- 
0 .I4 

- 
33.70. - 
2'4.23 

37.49 

0.20 
- 
2.41 ' 

0.82 
- - 
1.50 

0.23 
c 

. .  

- 
- 
0.3G 

- 
29.64 

- 
37.82 

25.58 - 
3.93 

0.72 

1.37 
- 
- 
0;ll 

0.19 

0.02 
- 
0.15 

- 
38.90 

0.76 

23.05 

20,82 

8.12 
- 
- 
4.61 
- 
- 
1.91 

0.28 

0.02 

0.02 
- 
- 

T o t a l :  100.00  100.95  99.53  98.48 

5 

- 
3Y.98 

2.19 

22.46 

30.89 

2.37 

- 
1.54 
a .  

0.46 

1.04 

O.OG - 
0.02 - 
- 

99 .oo 

6 

- 
36.38 

0.86 

24.25 

32.24 

2.28 
- 
- 
1.29 - 
- 
2.06 

0.28 - 
- 
- 
- 

99.63 

.7 

34.79 

1.16 

24.23 

34.36 

1.42 

_ -  
- 
0.82 
- 
- 
2.12 

0.23 

0.03 

0..19 - 
. .  - 
98.33 

8 

- 
31.79 

1.02 

24.82 

33.2G 

4.45 
- 
- 
0.82 
- 
0.14 

1.71 

0,23 

-. 
0,09 
.. 

99.34 

9 10 11 

- - 0362 

34.12  34.95  29.68 

0.58  0.6i - 
27.18 25.41  24.23 

29.45 32.49 ' 34.84 

2.22 2.52 - 
- - ' ' 4.60 
- - 2.01 

0.62 1.12 2.66 
.-  - .- 

0.03 0;02 - 
5.00  1.80 . e 

0.32  0.28  0.19 
-. - - 

0.09. 0.09 0.05 

- - - 
- - 0.19 

12 15 

- . .  - 
20.a 46.C2 - 2 .a3 
26.59 14.18 

4o.27 17 . la  
. .  - 10.72 

3.28 - 
0.58 - 
0.42  2.54 
- - 

. -  0.02 

0.96  1.37 

0.32  0.23 
" - 

0.02 - - - .  

0.13 - 

14 

2.63 

a 

99.62  99.29  99.07  101.08  96.23  101.59. 1;: 

. .  
. .  
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TABLE VI (cont'd) 
Trace-elements 

. .  (in parts per million) 

2 

2 

1 
1 
- 
- 
- 
1 

10 

7 

10 
10 
- 

- 
30 

,20 - 
- 

150 

9 

I 5  
75 

2 
I 

- 
10 - 
50 

15 
" 

,30 

7 50 

'. 100 
1000 - 
10 

30 - 
150 

ao 

11' 

4 

5 

2 
- 
- 
- 
1 

10 

60 
- 
30 

27 5 

50 

10 - 
20 

30 

100 - 
GO 

12 

1 

8 

3 
- 
- 
- 
1 

10 

20 
- 

100 

300 

50 

4 
.. 

27 5 

30 .. - 
100 

. .  

. .  



'2 
Rock sample l o c a l i t i e s   a r e  shown on P l a t e s  2 ,  4, 5,  and 6. a 

. '  Descr ip t ion  ani.; Loca l i t y  Sample No. C l a s s i f i c a t i o n  

1 

2 

3 

4 

5 

6 

7 

r h y o l i t e  

r h y o l i t e  

rhyOlitB 

t u f f  b recc ia  

vitrophyr; 

r h y c l i t e  

rhyolite 

Gray,   porphyr i t ic f rhyol i te ,   wi th   phenocrys ts  of sanidine  and qu i i r t z ,  a d  
minor   p lag ioc lase   and   b io t i to   in  a matrix of a l k a l i '   f e l d s p a r  nnd q x ! r a ~ z ;  
s l i g h t l y   a r g i l l i z e d  and ]?orous; UOW$QI- Creek area. 

Gray, porphyrit . ' ic ,  donso;  phonocrysts of  Sanidino nnd q u a r t z ,  w i t h  ininor 

Taylor  Crook prospbcts   area.  
plaCioclaso and b i a t i t o   i n  a groundmass of a lkal i  fcldspa:. and qliar'is; 

Arg i l l i zod  equivalent o f  #2 (abovb);  whita ,   pwous;  Taylor Crook pros -  
pocts   aroa.  

Light @wy;massivo; contains  about 10 p ixcen t   c rys t a l s  of satxidine an6 
q u a r t z   i n   m a t r i x  of glass  fragments;  Paramount Canyon. 

Reddish ,   p rophyr i t ic   v i t rophyre ,   wi th   phenocrys ts   ch ie f ly  of  s an id inc  * 
and  quartz  enclosed i n  s p h e r u l i t i c  glass matrix; Paramount Canyon. 

Lavender,   prophyrit ic  rhyolite:   phenocrysts of sanid ine   and   quar tz ,  nith 
ninor   b io t i t e   and   p l ag ioc la se  i n  a dense matrix of alkali  fo ldspar   and  
qua r t z ;  Paramount Canyon. 

S imi la r  t o  sample #G; r im 'o f  Paramount Canyon, 



. .  

TABLE V I  (cont'il .) 

Sample No. C l a s s i f i c a t i o n  Description  and  Looality 

a rhyo l i t e   B leached   and   s l i gh t ly   a rg i l l i zed   equ iva len t  of sample #7; vhi te ,   porvzs  
and  weathers  into "honeycomb' p a t t e r n ;  Paramount Canyon. 

ture;   contains  megascopic  crystals  of  bixbyite,   pseudobrookite,   :?encti :e,  
9 r h y o l i t e   L i g h t   g r a y ,   m i a r o l i t i c  and   po rphyr i t i c   rhyo l i t e ,   w i th   l i t hophysa l   s t rdc -  

. .  and c a s s i t o r i t e   i n   o a v i t i e s ;  Paramount  Canybn, 

10 ' r h y o l i t e  Same as samplo # 9 ,  without   v i s ib le   ox ides  i n  o a v i t i e s .  0 
' 11 rhyo l i t e   hvendor ,   po rphyr i t i c   rhyo l i t e ,   w i th   phenoc rys t s  of  san id ine   and   quar tz  , 

and  minor   plagioclase  and  biot i te ;   dense;   Taylor  Peak. 

12 

13 t u f f  M i % a  t o  cream, v i t r i c , t u f f ;   c o n t a i n s   a b o u t  10 pe rcen t   c rys t a l s  of s a n i -  

1 4  andes i t e  , Dark gray, donse;  csntains  microphenocrysts of a u g i t e  and hypersthene; 

dine  and quartz, f r i a b l e ;   e a s t   m a r g i n  of Boi l e r  Peak  done. 

Beavor Greek a rea .  

.. 

. .  

. .  

'; 



The T a y l o r  Crook R!lyolit.o i s  sirnilor i A l  compocition to ?Jocl<ol.dL;' 

avorage a l k q l i  rhyol i to   ( I lcckolds ,  1954). The, s i l i c a   c o n t e n t ,   a b o u t  

75 percent ,  i s  s l igl lCly  higher ,  bwt a l u m i n a ,   a l k a l i e s ,   a n d   t o t a l   i r o n  ' 

a r e  n e a r l y   i d e n t i c a l  t o  t h e   a v e r a g e   a l k a l i   r h y o l i t e . . T h e   c o n t e n t  of 

potash  commonly.is a l i t t l o  higher   than  soda.  A normative Q-Ab-Or 

p lo t   (F ig .  38) r e v e a l s  a c l o s e   s i m i l a r i t y  among rhyo l i t i c   s amples  

of t h e   d i s t r i c t ,   w i t h   t h e   e x c e p t i o n  of t he   py roc la s t i c   rocks   ( s amples  

4 and 13). Samples #2 and 3,  7 and 8, and 11 and '3.2 a r e  pairs r e p r e -  

s en t ing   f r e sh   and   b l eached   rhyo l i t e   equ iva len t s .  Samples #3, a ,  and 

1 2 ,  a l l  f r o m  the  bleached  rhyo1i t .e   facies ,  sho?r a n   i n c r e a s e   i n  

a l k a l i e s   r e l a t i v e  t o  t he i r   f r e sh .   rhyo l i t e   eqa iva lcn t s .  ' T w o  of t h e  

three  samples  f r o m  the   b l eached   rhyo l i t e  show enrichmsnt i n   n o r m a t i v e  

or thoc lase .  r 

- 

. I n  t h e  sample p a i r ,  x;?-3, t h e r e  is cons iderable   d i f fe rence  

between t h e  two analyses ,  vrith #3 highly skewed  tovierd O r  compared 

vrith the  other   samples .  Sone of  t h e   d i f f e r a n c e s  in  ana lyses ,   hoaever ,  

may no t   p rope r ly   r e f l ec t   t rue   chemica l   d i f f e rences ,  owing t o  lack of 

agreement  between Some of ' the  setnples i n  t h e   t o t a l   o x i d e   a n e l y s i s .  

For  example, i n  sample  #2; t he   ox ides   t o t a l101 .16 ,  Whereas t h o s e  of 

#3 t o t a l  99.96. By add ing   t he   d i f f e rence ,  1.50, t o   t h e   s i l i c a   c o n t e n t  

of #3 and  apport ioning p a r t  of t h e   a l k a l i e s ,   t h e . t v r o   a n a l y s e s  become 

a lmos t   i den t i ca l .  Thus, t o o  much numerical  emphasis  should  not  be 

- 

placed on the   appa ren t   ohekca l   d i f f e rences .   The re  is a sugges t ion  

f rom  the   chemica l   ana lyses ,   howver ,   t ha t   a lka l i   en r i chmen t   has  

acoompanied t h e   b l e a c h i n g   a n d   a r g i l l i z a t i o n   p r o c e s s e s   i n   t h e   r h y o l i t e .  

' *  

. .. 



Fig. 38. Normative Ab-0r-Q p lo t  
of bulk compositions of the   Taylor   Creek 
volca:?ic rocks. Dashed i s o b a r i c   l i n o  
marks t.he p o s i t i o n  of t ho   qua r t z - f e ldspa r  
%oi:;dar;- c!lrvo at  500 kgfcm 2 P,, o, water 

saturated  ( 'Tut t le   azd :3owen, 19~0). - .? 

EXPLANATION 
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4; Bleached rhyolife equivalent 
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. . Pyroclastic  rocks 
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migiil. bo rofloc.t.od in +he  ccmposi t iox of :;on!e of tho  Groundmass  and 

v e i n l o t   a l k a l i   f e l d s p a r s  .previously d isccssad ,  or i n  the formation 

of   the   c lay   minera ls .  

The samplo tha t   p robably   represents  most c lose ly  t h e  oomposi- 

t i o n  of t h e   r h y o l i t e  magma which gem r i s e  t o  t h e   B o i l e r  Peak dome 

is a redd i sh   p rophyf i t i c   v i t rophyre ,  sample # 5 ,  from  Paramount Canyon. 

This  rook contains  an  avorage of 17 percent   phenocrysts ,   pr incipal ly  . 

sanid ine   and   quar tz ,  with accessory p lzg ioc la se ,   b io t i t e ,   ho rnb lende ,  

and  opaques  enclosed i n  a s p h e r u l i t i c   g l a s s   n e t r i x .  The whole-rook 

ana lys i s ,   p ro jec ted   on to   the   anhydrous   bzse ,  i n  the  system Ab-0r-Q-H 0 

(Fig.  38), p lo t s   nea r   t he   t he rma l   min ima ,  on t h e   q u a r t z   s i d e ,  a t  

. 2 .  

2 
500 kg/crn PH o. 

2 r 

P y r o c l a s t i c  rocks, i nc lud ing   t u f f   b recc i a  from Paramount Canyon 

a n d   t u f f s  f r o m  the   eas te rn   margin  of t h e  B'oiler  Peak  done,  di9fer 

p r i m a r i l y   f r o m   t h e   r h y o l i t e s   i n   t h e i r   h i g h e r   c o x t e n t s   o f   l i m e   a n d  

water ,   and i n  t h e i r  l w e r   c o n t e n t s  of a l k a l i e s .  !I'hese d i f f e r e n c e s  i n  . , . 

porous rocks can be pa r t ly   accowted  f o r  by ground-sater  leaching of 

a l k a l i e s  and  hydrat ion of .  pumicecms glass. 

The mafic rocks, ,  which are  midespreed i n  t h e   n o r t h w e s t e r n   p a r t ,  . 

of the d i s t r i c t ,  vier0  not^ s t u d i e d   i n   d e t a i l .  One sample !#14) f r o m  

the  Beaver  Greek-Kemp !kesa a r e a   ( ? l a t e  6) vas  analyz'ed. Its s i l i c a  . .  

conterrt is 6 3  porcent.   Follo~wing  the  c3omical  classification of  

vo loan io   rocks   u sed   i n  a study of t h e  ?le& Range Primit-ive Area 

(Erickson and  othors,  1970) ;.this rock c.o:.;ld be c l e s s i f i c d  ec- an 

a n d e s i t e  (58 to 64 pcrcont  SiOz), how%er ,  it is  more s i l i c e o u s   t h a n  

I 
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most   undoui tos .   Further   dctai lod  s tudy of 'tho dark-colorod f l o w  i n  

t h i s  gonornl  uroa may w o l l  rovoal  a compositional  rango f rom baszlt 

t o  a n d o s i t e  f o r  t h o  rocks fo rmor ly  mpped  as .8 'basnl l .s"   (Fr ios ,  1340). 

To dotermine   vhother   t in -bear ing   rhyol i tes   might   be   d i s t in -  

gu i shed   f rom  t i n - f r ee   rhyo l i t e s  by major eloment   dis t r ibut ions, '  

numerous rhyol i te   ana l j r ses  were  examined  from the  published  record. '  ' . 

Most of these .   represent   rocks  from the   wes te rn   Uni ted   S ta tes ,   bu t  

some r e f e r  t o  r h y o l i t e s  f rom  par ts  of Xexico, New Zealand , ' and   Ice land .  

Norms, c a l c u l a t e d  by  computer  from t h e s e   a n a l y s e s ' v e r e   p l o t t e d   w i t h  

t h o s e  of t h e  New Mexico  samples i n   s t a n d a r d   t r i a n g u l a r   d i a g r a m s . f o r  

Q-Ab+An-Or and Al-Alk-CFLI (F igs .  39 and d o ) .  

The b e s t   h o n n   t i n - b e a r i n g   r h y o l i t e s  of ?!orth America are r e s -  

t r i c t e d ,   g e o g r a p h i c a l l y ,  t o  s r t  of  IAexico ( p r i m a r i l y   i n  Durango, ' 

Zacatecas ,   and  Guanojuato) ,   the   Black Range of New Paxico,   and  northern 

Nevada  (Lander  County). All a r e   T e r t i a r y  i n  age. L i t t l e  i s  known 

a b o u t   p o s s i b l e   t i n - b e a r i n g   r h y o l i t e s   i n  Canada. One recognized 

occurrence is t h e   t i n   d e p o s i t  at ;it. P leasan t ,  22 miles nor th  of st. 

George, New Bruns17ick,  which is i n   a l t e r e d   r h y o l i t e s  and   assoc ia ted  

pyroc las t ic   rocks .   There  is some doubt,  however, as t o   t h e   r e l a t i o n  

. .  .. 

, .  . .  

. .  

of t i n  mine ra l i za t ion   t o   t he   rh j ro l i t e s .   "These   vo lcan ic   rocks   have  , 

been mapped as Miss i s s ipp ian ,   bu t   t he re  i s  some'doubt as t o ' t h e i r  

age,   consequent ly  as t o  whether  tho  deposit  may be g e n e t i c a l l y   r e l a t e d  

t o  t h e  Devonian g r a n i t e  of t h e   r e g i o n  o r  must be youhger.  The 

prooess  of minera l iza t ion .  may be g e n e t i c a l l y   r e l a t e d   t o   t h e   r h y o l i t i c  

vo lcanic   rocks   themselves  o r  in t rus ive 'hypabyssa l   phases .  . . . ,I . 

(Mull igan,   1966,  p. 21). 
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Anuly:;os of tho   t i n -boor ing   rhyo l i to s  here cocipwud  includo . ' 

f i v o  from Z ~ c a t e c n s ,  !:.cxico (J. L. Loo,  1970,  wr i t te? l  corrg.), n i n o  

from  the  Black Rc~xgo,  and o m  samplc  coll.c.cted 'JJ '.ha v r i t e r   i n '  

nor thern Nevada.. from Figures 39 and 4 0 ,  it i s  c l e a r   t h a t  no unique . .  

composi t ion   charac te r izes   these   rhyol i tes .  For exemnple, the  IJexican 

. . .  

. .  

. r h y o l i t e s   a r e   m u s u a l l y   h i g h   i n  a h m i n a  (about 14 percex t ) ,  and r e l a -  

t i v e l y ,  "lovP i n  a l k a l i e s  and s i l i c a .  The g e n e r a l   n o t i o n   t h a t  t i n -  . . 

. b e a r i n g   r o c k s   a r e   s i l i c a - r i c h ,   t h e r e f o r e ,  i s  not   wholly  correct .  The 

compositional skewing of t h e  ldexican rocks  toward  the  normative  quartz  

apex  (Fig. 39) is due  primarily t o  a l o v  a lka l i   con ten t   ( abou t  5' 

p e r c e n t )   r a t h e r  .than t o  a h igh   s i l i ca   con ten t   ( ave rage  of about 72 

percent) .  

The Taylor  Creek  Rhyolite  and the tIe-cada " t l n - r h y o l i t e "   a r e  

c lose  in c o m p o s i t i o n   t o   t h e   a v e r a g e   a l k a l i n e   r h y o l i t e ,   b u t  skewed i n  

o p p o s i t e   d i r e c t i o n s  , f r o m  t h i s   a v e r a i e   v a l u e .  

S ince  t i n  of volcanic  occurrence i s  c lose ly   zss .oc ia ted  i n  space 

. a n d   t i m e   w i t h   . t h e   c r y s t a l l i z a t i o n  of hemat i te ,  a 'plot 'was nade of 

FeO/FeO + Fe203 r a t i o s  for t h e   r h y o l i t e s   d i s c u s s e d  ebove' (Sig.  41). 

These r a t i o s  show a v ide   s ca t t e r   be tween  0 and .92. It is i n t e r e s t i n g  
. .  

t o  note ,   however ,   tha t  t h e  Taflor  Creek  Rhyolite  has the l o v e s t  

f e r rous - fe r r i c   i . r on   r z t io s  ( 4 .I), much lower than  i n  the  average 

c a l c - a l k a l i n e   r h y o l i t e  ( :37) or  a l k a l i n e   r h y o l i t e  (.43). The  unusuall_;- 

low. i r o n   r a t i o s   i n d i c z t e  a more oxidizing  environment.  The  incorporz- 

t i o n  o€ t h e   b u l k  of t h o  i r o n  i n  h e n a t i t e ,   r a t h e r  than i n  b i o t i t e  o r  

. .  

amphibole ,   might   poss ib ly   be   the   ress l t  of izktialk: high  magmatic . .  

t ompora tu res   wh ich   p rovoz ted   maf i c   s i l i ca t . o s ,   i nchd ing   b io t i t e   and  ' 

hornblonde, from c r y s t o l l i z i n g  i n  sig:1ificsnt  amounts,  and  causing 

. .  
. .  
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whon condi t ions  bocnmo mor0 ozidix..i!lg. 

wi th   o ther   rhyol i ies  si;cEc:zts 1.1:ot n o  major-clernont. t rend   xn ique ly  

cha rac to r ixes   t he  t i n - b o a r i n g  rh;.olitcs. The eroatest compositional 

differences  can  be  recognized cmong t he   t i n -bea r ing   rhyo l i t e s  Ynem- 

s e l v e s ,  as these  rocks  range from t y p i c a l l y   s i l i c e o u s ,   a l k a l i n e   t y p e s  

t o  much more alumina-rich  types.  

- Trace  Zlements . 

The r e s u l t s  of s e m i q u a n t i t a t i v e   e l a l y s e s   d e t e r k n e d  by emission 

spec t rograph   for  20 t r a c e  e1ement.s i n  t h e  ab,ove 1 4  rocks are recorded 

i n  Table V I .  When t h e s e , r c c k s   a r e  cornpered with rocks of similar 

bulk  composition, no u m s u a l  conceRtrations  (except t i n  l o c a l l y )  o r  

de f i c i enc ie s   o f   t r ace   ' e i ensc t s  are apparent.  

. 
~A traverse  extending  upyard on the   no r the rn  wall of Pzramou,nt . 

Canyon ( P l a t e  2) yielded  successive  sanples  of tuff   breccia ,   prophy-  

r i t i c  v i t rophyre ,   dense   po rphyr , i t i c   rhyo l i t e ,   and   l i gh t   g ray  mia- 

r o l i t i c  a n d   l i t h o p h y s a l   r h y o l i t e .   S i g n i f i c a n t l y ,   t h e   n i a r o l i t i c   u a i t  

is enriched i n  Sn,' In ,  B , .  P5, Z?1, iirb, and Re r e l a t i v e  t o  t h e .   o t h e r '  

r h y o l i t e   f a c i e s .   a t h e r   r e r e   e a r t h s ,   i n   a d d i t i o n  t o  I n ,  are probably ' 

presen t   (bu t   be low  de t ec t ion   l i n i t s ) '   i n   eccesso ry  monazitt:, wl~ich was 

not  found in   the   o ther ' rhyol i : . e   un i t s .  

. .  

Tin  vas d e t e c t e d   i n  s i x  :of eleven  rhyolite  sarnples  from  the 

. '  Taylor   Creek  area.  The g raa t e s t   concen t r a t ion ,   o the r ' t hen  i n  samples 

of   ' t in-bear ing  vei : l le ts ,  vas' fo .~nd   i n   t he -   mia ro l i t i c  rhyo?:ito (0.1 . 

pcrcent  Sn, or l e s s ) ,   b u t   t h e  .ti?! appears t o  be concentrated  within a 



. .  

very smnll  part of t h o   u n i t .  For examplo, Sn was not  dotoctod in a 

traverse .including  seven sample:; ( A l - A 7 )  ovor mo:;t o f  t h i s  same u n i t .  

Other  values  recordud f r o m  blooched,  white  rhyolite a r o  t y p i c a l l y  

about 4 ppm Sn. Tin  was not   de tec ted  i n  t h e   v i t r o p h y r i c   r h y o l i t e  

exposed i n  Paramount Canyon. 

Beryll ium, molybdenum, and  tungsten,   metals   associated with 

many  of . the   wor ld ' s  . t in  deposits,   do  not  oocur  in  unusual  ooncontra- 

t i o n s ,   a l t h o u g h   t h e  lower s e n s i t i v i t y  limits of the   emiss ion   spec t ro-  

graph  used i n  t h i s   s t u d y   f o r  Mo (10 ppm) and W (20 p p ~ )  are well 

. .  

above the   concen t r a t ions  of these  metals   (about  2, pprn 'each)  normally 

found i n  grani t ic  rocks  (Taylor ,  1964). . .  
-.. . .  

Beryllium  does not exceed 5 ppm in   t he   rhyo l i t e   s amples .  A 

somewhat higher  concentration,  however,  was reported  f rom an e a r l i e r  

study; a grab  sample  obtained by Warner  and o the r s  (1959) n e a r  t h e  

U. S. Bureau  of Mines a d i t  lN, Taylor   Creek  Prospects   s i te ,   contained 

0.002 percent BeO, .or  about 11 ppm Be,  A mean of 3.6 ppm Be has   been 

r e p o r t e d   f o r  s i l i c i c  volcanic   g lasses   o f   the   ves te rn   Cni ted   .S ta tes .  

(Coats  and  others,  1962). 

In  the Black Range Pr imi t ive  Area, immediatelg~  south  of  Taylor 

Creek, the t i n - b e a r i n g   r h y o l i t e  i s  enriched i n  beryl l ium (5. ppm, . 

recorded as the   50 th   pe rcen t i l e  of analyzed  samp1es)'end molybdenum 

(5  ppm) r e l a t i v e   t o   o t h e r   r h y o l i t e s   i n   t h i s   p a r t  of the   Black  Range 

(Ericksen  and  others,  1970). Contact  metamorphic  deposits of  b e r y l l i u n  

and  tungsten  (Jahns,   1944a, b) a re   assoc ia ted   wi th   ska l lov-sea ted  

. .  

g r a n i t i c   r o c k s  a t  I r o n  Llountain i n   t h e  S i o r r a  Cuchi l lo ,  a f ad l t -b lock  . 

range  imnediate1.y east of  t h e  Blauk Range. . . 

. .  

. . .  - 



r o l i n b l o ,  ;md Lhorofore   a re   de le ted  froin Table V I .  Tungkton vas 

de tcc t ed  in only o m  :;n!nple of  Fhyol i te .  

Regional ly ,   the   Black Ra!lge- i s  p a r t  of t h e  Xacimi.e:~to sub- 

provinco of Coats and  others (1963). i n  which t h e  -flolcanic rocks' a r e  

enriched i n  t i n  a n d   f l u o r i n e   r e l a t i v e   t o   t h o s e  of adjacent   provinces  

(Fig.  42). Average  values l o r  the  Xacimiento  subprovince  (Table V I I )  . 

i n d i c a t e   t h a t  Sn is s l i g h t l y   e n r i c h e d   r e l a t i v e   t o   t h e   R i o  Grande sub-. ' 

province  and 3 t imes t h a t  of t h e  Mohavo subprovince.   Scatter  diagrams 

for each  province  (Figs.  43, 44;and 45) i n d i c a t e   t h a t   t h e r e  i s  sone 

. .  . 

. .  

corre la t ion   be tween Sn  and  F  within  the  Nacimiento  subprovince,  but 

t h a t  no  a p p a r e n t   c o r r e l a t i o n   e x i s t s  f o r  t he   o the r  two. subprovinces 

(R. R. Coats ,  1970, pers .   com.) .  Most of the   samples   ana lgzed   in  

t h e   p r e s e n t   s t u d y  fa l l  bd0Vf t h e  S n  mean (13 ppm) r epor t ed  b$ C o a t s  

for s i l i c i c   g l a s s e s  i n  this   subprovince.   Reasons f o r  this discrepam,,  

other   than  sampling or a n a l y t i c a l   e r r o r ,   a r e   n o t   i r r n e d i e t e l a   c l e a r .  

F luor ine   de te rmina t ions  were not made i n   t h i s   s t u d y .  

. .  

. 

. .  

. .  

. .  
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Fig. 42. Volor.cic p r y i n c e s  of t h e  sesZer:1 :inited Sta tes .  
After C o a t s  and others ,  19G3. 

.. . .  
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Spect rographic   ana lyses  f o r  F and S n  i n  k ~ , y h y e l i n e  
Cenozoic s i l i c i c   v o l c a n i c   r o c k s  I'rcm t h e  scu";hx::estern :Jni ted  States .  

Data EZO from R. R. C@ats (1370, pers. corn.). 

. .  
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APPENDIX 

I n t r a d u c t i o n  

During the '   course .of t h i s   s t u d y ,   s e v e r a l   t i n - b e a r i n g   n u g g e t s  

were  col lected from placer   depos i t s   and  were analyzed for t h e i r  t i n  

content .  DIO of them also were analyzed f o r  t h e i r   c o n t e n t s  o f  t r a c e  

elements. Data galjhered from t h i s   s a t e l l i t e   s t u d y   c o u l d   n o t   b e - r e a d i l y  

i n t e g r a t e d   v i t h   t h e   f o r e g o i n g   r e p o r t ,   h e n c e   t h e y   a r e   p r e s e n t e d   h e r e  

as an Appendix. . 

Wood-tin, the   co l loform o r  1 a y e r e d . v a r i e t y  of f i n e l y   c r y s t a l l i n e  

c a s s i t e r i t e , ,   h a s  1.ong bsen of i n t e r e s t   t o   t h e  miner  and  mineral . 

c o l l e c t o r .  Such c a s s i t e r i t e  2 s  par t i cu la r ly   i n t e re s t ing   because  of its 

h i g h   s p e c i f i c   g r a v i t y   a n d   t h e   u n u s u a l ,   d e l i c a t e   t e x t u r e s   a n d   v a r i e t y  

of co lo r s  it d i sp lays .  Few d e t a i l s   a r e  knovm, however,  concerning i t s  

o r i g i n  or mode of c r y s t a l l i z a t i o n ,  as t h e   m a t e r i a l  i s  found   ch ie f ly  

. .. . . .  

' i n  placer  accumulations.  Most of t h e   p r o s p e c t i n g   i n   t h e  Bla.ck  Range 

d i s t r i c t  has been  directed  toward  recovery of t h i s , t y p e  of tin. 

Tin-bearing  nuggets,   including  fragrnents  of  non-colloform' 

o a s s i t e r i t e  as well  as the  wood-tin,  were sampled from two l o c a l i t i e s  

i n   t h e   T a y l o r  Creok area.. . A t  one  of t h e s e   l o c a l i t i e s ,  j i g  concen- 

t r a t e s  were obtained f r o m  an old t i n  mill, nov dismantled,  at t h e  

head  of S w m i l l  Canyon south of S t a t e  Highvay 59 (no r theas t   co rne r  



of   Plate  2). Tltu otlror l oca l i t y .  i:: i n  a bul1do::od w r o y o  adjitcont t o  

t h e  13ella1njjr cab in  on 1lardcostl.e Crook nor th  of liiE?kay 59. 

h b s t  of ihe  n3ggots  are two  contim'tiers  or l e s s  in diameter ,  

but  some are   knotm. to   be   f i s t - s ixod ,  or  even l ~ g ~ ? .  S i x   r e p r e s e n t a t i v e '  

spec in lens   a re 'p ic tured   in   F igure  4Ga f o r  comp?ison. Xuuggets #I, 2, . ' 

5, arid 6 were obtained from t h e   v i c i n i t y  o f  Sz\.rmill  dznyori  and t h e  

o the r s  were o o l l e c t e d  f r o m  FIardoastle  Creek. The e x t e r n a l  forms of 

the  wood-tin are almost   invariably  botryoidal ,  o r  nodular ,  which 

r e f l e . c t s '   t h e  grovrth  and  internal   texture  o f  the   mater ia l .   Cons iderable  

v a r i a t i o n s  5n dens i ty ,   co lo r ,   t ex tu re ,   and   mine ra loa   cha rac t e r i ze  

these specimens. Au are be l i eved   t o   have   been   de r ived  from cassi" 

t e r i t e - h e m a t i t e   v e i n l e t s   w i t h i n   t h e   T i y l o r  Greek FhTolite,   and t o  , . 

have been  concentrated by a l l u v i a l  and e luvia l   p rocesses .   Typica l  

groundmass r h y o l i t e  was found  attaohed t o  one of - the   spec imens  (#l, 

Fig. 46a). It is noteworthy that t h e   c a s s i t e r i t e - h e m a t i t e   v e i n l e t s .  

e x p o s e d . i n   t h e   d i s t r i o t   c o n t a i n  onljr rregasoopic c r y s t a l s   o f  cassi$erite 

. and  hemati te ,  rather than t h e  colloform v a r i e t i e s   t y g i c a l  of the p l a c e r  . 

c 

accumulations. 

Mineralogjr  and  Texture - 
The t in-bear ing   nuggets   exhib i t   th ree   bas ic   t ex tures ,  or com- 

b ina t ions   t he reo f :  a) colloform, or l ayered ,  b) non-collofwm 

c r y s t a l l i n e ,  and c) oseudonorphic . Nuggets   featur ing  col lofcrm 

toxtures   (wood- t in)   a re   the  most common. 'They 'are   var icolored  and 

include  two  .pr iaoipal   !nineralogical   ver ie t ies .  One is a l aye red  

aggregate of   microcrys ta l l ine  cassiterite and   hemat i te ,   o l ive-green  

to dark b r o w  i n  co lo r  (#4), 'In polished  section  and i n   t h i n - s e c t i o n  

. .  

.. 

. .  
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r ed ia l   ' syne res i s '   c r acks .  Nugget #4,   pol ished  sect ion,  115x. 
Fig. 46b. Collofcrm  texture  i n  a t y p i c a l  t i n  nugget.  Note 

. .  

'. . 

. .  
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Each concon t r i c   l uyc r  i s  d i s t i n c t  from t h a t   a d j n c o n t   t o  i t ,  both i n  

co lor   and ,  t o  a l e s s e r   e x t . e n t ,   i x   c r y s t a l   s i z e .   I n d i v i d u a l ,   a c i c u l a r  

c r y s t a l s  of c a s s i t e r i t o   a r e   a r r a n g e d  nor ind  t o  t he   concen t r i c   l aye r ing ,  

but   thoy  goneral ly   do  not   extend  throi lEh  the  ful l   width of i w i v i d u a l  : . 

l a y e r s .  Many nugge t s   i nc lude   ml t ip l e   nuc lous - l ike   a r eas ,  some of . 

which  envelop  grains of hematite.  Other  colloform  nuggets  :have  dense, 

opaque  cores  of hi& t i n   c o n t e n t   t h a t  are mantled  pr imari ly  by s i l i c a  

polymorphs, I n  specimen #l, the  nugget  core.  is rimmed by a t h i n  

l a y e r  o f  f i b r o u s   c r i s t o b a l i t e   ( l u s s a t i t e ? )  and  minor, t r idymite ,   i th ioh . ' 

ev iden t ly  were depos i ted   aga ins t   the   v ra l l 'o f  a f r a c t u r e  i n  r h y o l i t e ;  

some  of t h i s   r h y o l i t e   r e m a i n s  as a coa t ing  on t h e   c r i s t o b a l i t e .  

, .  

In  other   occurrences,   both  col loform.  'and non-col loform  textures  

are present  i n  t h e  same nugget. For example, i n  specimen $2, t h e  

c o r e   c o n s i s t s  of r a d i a l   p l a t e s  of hemat i te   tha t   . a re   ment led   by   co l lo-  

f o r m   c a s s i t e r i t e .  The outer  ria c o n s i s t s   o f . i n t e r l o c k i n g   c r y s t a l s  

o f   c a s s i t e r i t e ;   t h e s e   a r e   r e l a t i v e l y   l a r g e ,  and i n   s i z e   t h e y   r e s e m b l e  

those   exposed   i n   t he   ca s s i t e r i t e -hemat i t e   ve in l e t s .  

Y 
2 .  

A fea ture   charac te r i s t ic   o I" the   wood- t in  i s  the  developzent   of  

r a d i a l   c r a c k s   t h a t   a r e   s l i g h t l y   c u r v i l i n e a r .   T h e s e   d i s c o n t i n s i t i e s  

h a v e   b e e n   r e f e r r e d   t o  as syneres i s ,   o r   shr inkage   c racks  in a l l u s i o n  

t o  a c o l l o i d a l   o r i g i n .  Some c racks   i n t e r sec t   t he   su r f ace : ;  of  nuggets, 

whereas   others   begin i n  the   core   reg ions   and   d ie   ou t   before   reaching  

t h e   s u r f a c e s .  The c r y s t a l s   w i t k i n   t h e   l a y e r s   h a v e  nowhere been s6en 

t o   t r a n s e c t   t h e s e   c r a c k s ,   i n d i c a t i n g   t h a t   t h e   c r a c k s   a r e   r e l a t i v e l y  

younger   features .  

. .  

.. 

.' 
. .  
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. NuggotS t h a t   a r c   e n t i r c l y   c r y s t a l l i n o  hut  non-colloform a r o  

l a rge ly   homat i t i c .   These   homat i t e   nugp t s  are f i n e -  tci coarse ly-  

c r y s t a l l l n o  agGreC;atoZ of i n t e r l o c k i n g   s p e c u l a r i t e   p l a t e s ,   w i t h  some 

i n t e rmixod   s i l i ca .  

Pseudomorph t e x t u r e s  are  r e l a t i v e l y   r a r e .   I n  one speoimon 

(#5), hemati te  was found t o  be pseudomorphic a f t e r   m e g n e t i t e ,  which 

features   intergrown  octahedrons,  1 om or less i n  maximum dimension. 

The magnetite  has  been  completely  replaced by i n t e r l o c k i n g   b l a d e s  of 

hemat it e. 

Some of t h e   c h a r a c t e r i s t i o   f e a t u r e s  of the   co l lo fo rm  t ex tu re  

such as t h e   r a d i a l  gradh of c a s s i t e r i t e   m i c r o - c r y s t a l s   a c r o s s   c o l o r  

bands,   can be explained by r e c r y s t a l l i z a t i o n  of a previous ly   l amina ted  

f a b r i c  that or ig ina l ly   might   have   been   c ryptocrys ta l l ine ,  o r  noncrys- 

ta l l ine .   Fol lowing   th i s   assumpt ion ,   the   co lor   banding  i s  i n t e r p r e t e d  

as a r e l i c t   d e p o s i t i o n a l   f e a t u r e ,   n o t   t h e   r e s u l t  of 'Liesegang  diffusion 

. .  

' . a f t e r   c r y s t a l  grovrth.  The c o a r s e r - g r a i n e d   c a s s i t e r i t e  layers a r e  

n e a r l y   c o l o r l e s s ,   s u g g e s t i n g   t h a t   t h e   c o l o r  pigment v:as removed dur ing  

r e c r y s t a l l i z a t i o n ,  a s i t u a t i o n  commonly observed i n  t h e   d e v i t r i f i c a -  

t i o n  of v o l c a n i c   g l a s s   t o   f o r m   s p h e r u l i t e s .   D u r i n g   r e c r y s t a l l i z a t i o n ,  

%he  former ly   c ryptocrys ta l l ine ,  or nonc rys t a l l i ne  t i n  oxiae vrould be 

expected t o   e n l a r g e  outward  and  cut   across ,   the   color   larers .  If t h e  

- c r y s t a l s  were depos i ted  i n  success ive  shells as c r y s t a l s ,   t h e  color 

bands  should  conform t o  t h o   c r y s t a l   l a y e r s ,  and t h e   o r i e n t a t i o n  of 

t h e s e   c r y s t a l s  most 1 ike ly .vou ld  be i r r e g u l a r ,  as observed i n   t h e   l o d e  

v e i n l e t s .  

The f a c t   t h a t   t h e  radial cracks do n o t   t r a n s e c t   i n d i v i d u a l  

mic ro -c rys t a l s   suggos t s   t ha t   t hesb   c r acks   a r c   r e l a t ive lg   younger  

-. . . - I 
" 
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feat tnws.  Such r a d i a l  crack:: have boon c i t e d  as evidonco f o r  

shr inkage ,  o r  dohydration. It i s  k n o w ,  f o r  examplo, t h a t   . s i b i c a  

g e l  producod i n   t h o   l o b o r a t c r y  changoz t o  a chalcodonylike matorial . 

and t h a t   t h e  gel "undergoes a progressive volume reduct ion  caused  by ' 

t h e  l o s s  of water and  develops  character is t ic   shr ivkage  cracks"  

(Park  and MacDiarmid, 1970, p. 133). C'hether o r  no t   they  are shr inkage 

phenomena, these   c racks  most l i k e l y  formed when t h e  material vas 

near ly   so l id ,   and   se rved  as boundary  surfaces beyond  which t h e - c r y s t a l s  

could not  grow. 
. . .  

The development of Lml t ip l e   mc le i   w i th in   t he   cc l lo fo rm tex-  

t u r e ,  bu t   appa ren t ly   un re l a t ed ' i n  some place's t o   t h e  main laminar ' 

p a t t e r n ,  i s  d i f f i c u l t  t o  expla in  from the   s tandpoin t  of s e q u e n t i a l  

depos i t ion   and/or   d i f fus ion  phenomena. 'These grm.Afi n u c l e i  are  

similar i n  some r e s p e c t s   t o   d e v i t r i f i c a t i o n   s p h e r u l i t e s   o b s e r v e d  i n  

volcanic   rocks,   such as rhyol i te   and  obsidian.  

Ccaposl t ion 

Chemical  analyses made on t h e  above 'SampZes range  f rom  near ly  

pure Fe203 t o  pure  Sn02,  with no apparent  gradation  between sahqI.es 

i n  the   range  f r o m  approximately 0 t o  68 wight percent SnO Stepped 

microprobe  traverses,   spaced 10 t o  20 microns a p a r t ,  vera made across 

s e v e r a l   n u g g e t s   t o   a n a l y z e   f o r . v a r i a t i c n s  i n  t i n .  Compos.Lticna1 I 

ranges for these  nuggets   are   recorded  in   Table  >TCI. The t i n  content  . 

appears  t o  bo uniform fkom .core t o  rim of  the   i cd iv idua l   nuggets .  . ' 

Vlhere recognizable ,   sympat l le t ic   re la t ions  within  individIJa1  nuggets  

between  the  contents of t i n  .&nd i r o n  are more coznon t han  ant i -  

pa the t i c .  

2' ' 

. .  

. . .  . .  . .  
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T i n   a n a l y s o s   a n d   s p e c i f i c   g a v i t i o s  of so loc ted  
t in-bear ing  nuggets  f r o m  the  Black Range, New litexico 

Nugget S .G. 
1 - SnO c o n t o n t ,   i n   w i g h t   p e r c e n t  

2 '  

Range Mean - 
1 4.34 58.1-  76.9 ' 68.1 

2 6-20 . 97.7-100 98.9 

3 5.68 84.2- 89.9 87.3 ' 

4 .6,36 83.7-  95.6 88.8 

5 4-61. "_ " 

6 '  4;81 ".. -0.2. 

'Specific gravities were  determined by us ing   the  Kerr- balance 
at 23OC. Values obtained are be l ieved  t o  be +curate t o  two 
decimal  place-s. 

T in   ana lyses  were msde on an  Applied  Research  Laboratories 
EhK-SM electron  microprobe by Dr .  Charles  M. Taylor ,   Stanford 
Un ive r s i ty ,   u s ing   h igh -pur i ty   ca s s i t e r i t e  as a standard.  
I n s t r u m e n t a l   e r r o r s  vere corrected,   but  no matr ix   correo- .  
t i o n s  were appl ied.  

2 

A s  expeoted,   the  more c o a r s e l y   c r y s t a l l i n e ,   r e d   c a s s i t e r i t e  ' 

(#Z, Fig.  46a) is r i c h e s t  i n  t i n  content  (average -99 percent SnOZ), 

shoving l i t t l e  var ia t ion   f rom  core   . to  rim of  %he  nugget. O f  the 

ool loform  var ie t ies ,   specimen f 4  has  the  highest   content .   of  t i n  

(-89 percent Sn02).  The yellow t o  pale-green  layers ,   present  i n  

bo th   t he   co re   and   t he  rim areas ,   appear  t o  be r i c h e s t  in tin.' The 

g r e a t e s t   v a r i a t i o n  i n . t i n  content  v;as noted i n  t h e   s i l i c a - c o a t e d  

nuggets  (about  19  peroent Sn02 r ange   fo r  #1). Tie nuggets.  of  orys- 

t a l l i n e  hematite  were faund t o  be almost devoid of t i n  (about 0.2 

percent Sn02 o r  less),  

A s p e c t r a l   s c a n  VIRS made on a pa r t  of nugget #4. The. f i e ld  o f  

view, 260 microns i n  diameter ;   included a small nucleus  and  the  outer  

. .  . .  
. .  

. .. 

. .  
. .  
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p a r t  o f  a larger o n e e n  a d d i t i o n   t o   ' S n ,   t h e  f o l l o v @  t o n  element::. 

were d e t e c t d d :   S i , . N ,  Sb, As, C1, Fe,  Pb, Zn, ng, and S. Eloc t ron  

photographs v m r B  take15 t o  show t h e   d i s t r i b u t i o n  o f  s e v c r a l  of t h e s e  

.e lements  (Fig. 47). Except f o r  Ag and S ,  the  de.f;ected  elements  serve 

t o   d e l i n e a t e   t h e   c o l l o f o r m   t e x t u r e .   S i l i c o n  and  aritirno5y a r e   b o t h  

concent ra ted '  within t h e   n u c l e i  ,' and also ,are  disseminated  'out.side 

t h e s e   a r e a s .  Antimony, ho,;rever, shows a more u n i f o r s   c o n c e n t r a t i o n  

w i t h i n   t h e   n u c l e i .  As, Pb, Zn, and C1 a re   ooncen t r a t ed   ou t s ide   t he  

n u c l e i  areas.  Their d i s t r i b u t i o n s   a r e   s i m i l a r , . d i f f e r i n g   c h i e f l y  

' i n  i n t e n s i t y .  Ag and S zrti spa t i a l ly   unassoc ia t ed ,   zqd   t hey   do   no t  

appear t o  be   concent ra ted  i n  any  one a r e a  of the  nugget.  

. .  

It i s  n o t  h o r n  whether or  not  any  of  these  elements, whose 

oonoent ra t ions  are l & g e l y   i n   t r a o e   q u a n t i t i e s ,   a r e   c h e m i c a l l y  com- 

bined. The pauc i ty   o f   su l fu r   and  i t s  d i s t r i b u t i o n   s u g g e s t   t h a t   t h e  

. ' presence of su l f ide   minera1s : i s   negl ig ib le .  The d i s t r i b u t i o n  of Pb, 

.. Zn, C1, and A s  makes it p o s s i b l e   t h a t   t h e r e  may- be chenica l 'bonding  

t o  form chlor ide   and/or   a rsen ide  compounds of Pb and Zn. Bntimony, 

on t he   o the r   hand ,   p robab ly  i s  not  oombined with A s ,  bu t  may be 

present  as an   ox ide  o r  i n  na t ive  form. 

. .  

. .  

. .  Spec i f i c   Grav i ty  ' ; . .  

S p e c i f i c   g r a v i t i e s  of t h e  above six  nuggets  vera  determined  by 

means of t h e  Kerr balame, and a r e  r eco rded . in   Tab le  VI11 and i n  

Fi&s 48. T h i s  was dona t o  cheok  an   assumpt ion   thz t ,   s inoe   cass i -  

t e r i t e  (G.8-7.1) i s  heavier   than   hemat i te  (5.2;5.25), s p e c i f i c  

. g r a v i t y   s h o u l d   r e f l e c t  t i n  conten t ,  i f  the   nugge t s   a r e   p r imar i ly  

. .  

. .  
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hemati te-cacsf tor i te   mixtures  as ind ica tod   unde r   t he   r e f l ec t ing  

and  polarizing  microscopos. 

The nuggoi;? wor(1 found t o  rango i n  S.G. from 4.34 t o  6.36,- 

and i n  t i n   c o n t e n t  f rom about 0.2 t o  99 porcont. The s p e c i f i c  

gravities p l o t t e d   i n   F i g u r e  48 c l ea r ly   do  not s u p p o r t   t h e , i d e a i  

hemati te-cassi ter i te   mixture   concept ,   but  i n  a genera l  way, nuggets . 

# Z ,  3, 5, and 6 conform t o  the  basic   assumption.  Between nuggets 

#l and 6, t h e r e  i s  a composi t ional   di f ference of  68 percenk SnOZ, but  . . 

t h e  nugget with the   h ighe r  t i n  conten t .   has   the  lower S.G. Departures 

f r o m  t h e   i d e a l  case are   bes t   expla ined  by the  presence o f  less dense 

impur i t i e s   and   d i f f e rences   i n ' i n t e rna l   po ros i ty .  S i l i c a  and  other  

impurit ies conmonly a re   p re sen t  i n  wood-tin, and t h e s e   t e n d   t o   l o w e r  

'the S.G. Fur the r ,   vo ids   gene ra l ly   a r e   c r ea t ed  when specular   hemat i te  

plates   are   intergrovm,  producing a similar e f f e c t ,   p a r t i c u l a r l y   w i t h i n  

t h e  nugget   inter iors .  

. <' 

. .  
. .  

. .. . 

_ .  

Specul.&ions on Mode of  Origin.  
I", 

. .  

The t in-bear ing  nuggets  are not  found i n  s i tu ,   bu t   occu r  as ' ' 
" 

a l l u v i a l . a n d  e luvia l  placer  accumulations on t o p  o f ,  and  marginal t o  

t h e   r h y o l i t e  domes. No t i n  i n  the d i s t r i c t   has   been   found  i n  r o c k s  

younger than   t he   Tay lo r  Creek  Rhyol i te ,   including  the G i l a  Conglomerate 

and   t he   i n t e rmed ia t e   t o  mafic volcanic   rocks. .  The d i s t r i b u t i o n   o f  ' 

t h e  t i n  nuggets ,  as vre.11 a$ the surface  ooat ings of t y p i c a l   r h y o l i t e  

on some of the  nuggets ;   suggest   that   the   nuggets   yere   der ived  ' f rom 

the  Taylor  Creek  Rhyolite.  The f a c t   t h a t  most '  of the   rocoverable  t i n  

i n  t h e  placer   accurnu1at ions. i~  wood-t in ,   ra ther  than t h e  more coa r se ly  . . 

c r y s t a l l i n e   r e d   c a s s i t e r i t e   f o u n d . i n   t h e   l o d e   v e i n l e t s  seems t o   i n d i -  

.. . .  

. .  

" 

. .  , .  
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ca t0  ful-t.llor thalt t l  vood-tin formod i n   . t h o  uppor p s of veinlot::, 

which were subsoq!lontly romovod vhon t h o  t o p s  of t he   r l l yo l i t o  domoz 

\'rere eroded. 

* Y. 

Tho o r i g i n  of wood-tin  rxggets has long beon a t t r i b u t o d   t o  ' .  

low-tomporaturo,  noor-surface phenornona (e  .g., Park.  and  ldaoDiarmid, 

1970;  Edwards,  1954). Tho col loform  texture  i s  com?ronly thought t o  be 

a r e s u l t  o f   depos i t ion   f rom  co l lo ida l   so lu t ions ,   a l though  " the   par t  

played by COllOid5 i n  ore  depos i t ion  i s  poorly  understood. . ., I* 

(Park and  MacDiarmid, 1970, p.. 134).   Support   for a c o l l o i d a l   o r i g i n  

'has been  derived, i n  p a r t ,  from the   s tudy   o f   l abo ra to ry   ge l s ,  which ' 

rather fa i thfu l ly   dupl ica te   the   banding   observed  i n  natural materials. ' 

Further ,   opal  a d  chalcedony, commonly assdciated.with.'v/ood-tin, have 

been  produced from s y n t h e t i c   g e l s  at  roon temperatures. '  One 'of tlie 

first proponents for the o o l l o i d a l   o r i g i n  of mood-tin  vas Knopf 

(1916, p. 658), mho interpre-bd  the  "broken ring-like forms" as having 

" resu l ted  froro t h e   b u r s t i n g  o f  . co l lo ida l  membrmes by 'osmotic  forces." 

. .  

Recent  .study  (e.g.,  Roedder,  1965)  has l a r g e l y  d i s c r e d i t e d  

a co l lo ida l  origin f o r  most co l loform  tex tures  observed in ,  ore samples. 

Roedder has   comented   (p .  468) t h a t   " t h e  domioant p e r a m t a r   c o n t r o l l i n g  

%he formation of col loform'   textures  is' a r e l a t i v e l y   h i g h  degree of 

s u p e r s a t u r a t i o n ,   r e s u l t i n g   i n   r e l a t i v e l y   h i g h   r a t e s  o f  nuc lea t ion   and  

o rys t a l l i za t ion . "  No statement was made, hovrever, regard ing  the 

' e f f e c t  of temperature  on  'colloform  growth. 

. .  

Although the c o l l o i d a l   t h e o r y   h a s   l o s t  much contemporary  support, 

low temperatures for t h e  grovhh  of   col loform  cassi ter i te  are still 

advocated. . In d i s c u s s i n g   t h e  t i n  depos i t s  of Durango,  Mexico, Ppma 

and  Simons  (1969, p. 12) postulated  temperatures  o f  formation or 120'G 

. .  
. .  
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and  lower: "Tho oxtrelnoly  dolicato  banding  of.  tho  rcniform  wood-tin '. 

and azsociatod  chalcadony  points t o  minute  adjustmonts to per iodic  

changos i n  tomporaturo  and  chomical  composition of the  ore-boaring 

fluid:. . . The col loform  tex tures   res l l l t   f rom  supersa tura t ion ;  a 

condition  that   cannot  conceivably be maintained  through  numerous  minor 

adjustments at  h igh   tempera tures   and   ( fas t   reac t ion  rates) ." The. 

presence of native  bismuth,  antimony  oxides (?), and  1ead .arsena te  

were c i t ed  as addi t iona l   ev idence   for  a lcvl-temperature  origin.  Native 

bismuth,  however, i s  a l so   found i n  high-temperature   de  osi ts .  Minera- 

l o g i c a l l y  &d ' t ex tu ra l ly ,   t he   B lack  Range wood-tin is similar t o  that  

found i n  Mexico,  Nevada,  and  probably  elsevhere, 'al though  cristobaii te 

appears t o  be .more common than  chalcedony  and  bismuth.has  not  been 

. .  ? 

" 

d e t e c t e d   i n  the tin-bearing  nuggets.  

It seems ' p o s s i b l e   t h a t   t h e   r e l a t i v e l y   h i g h  rate or nuc lea t ion  

and   c rys t a l l i za t ion   necessa ry  t o  produce  colloform  textures c.an a l s o  . 

be achieved at higher temperatures ,   under   condi t ions  involking tem- 

p e r a t u r e   g r a d i e n t s ,   r a t h e r   t h a n   j u s t  10v1 temperatures. Further, the 

presence of  t r a c e  mounts  of  antimony  and arsenic (no t  as s u l f i d e s )  

does not   necessar i ly   res t r ic t   the   t empera ture   range ,   a l though  an t imony 

s u l f i d e s  are  inoompatible with high  temperatures.  From the   publ ished 

record ,  it is apparent that the e luc ida t ion  of v a r i a b l e s   t h a t   c o n t r o l  

oolloform growth is clear ly   needed,   including  temperature  as an inde-' ' 

pendent  variable.  Fur%hermore, i f  the t i n  is t r anspor t ed  as a c o l l o i d  

at low tempera tures ,   the   co l loform  tex tures  of vood-tin  should be 

reproducible  i n  the   l abo ra to ry .  ', 

. .  
. .  

. .  

. .  
. .  
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