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ABSTRACT 

A loca l  sequence  o f  l a te  Te r t ia ry-ear l y  Qua te rna ry (? )  vo lcan ic s  i n  the wes tern 

foo th i l l s  o f  t he  Magda l ena  Mounta ins  comp r i ses  se ve ra l  f l ow  un i t s  o f  l i t ho ida l  r hyo l i t e  

and  r hyo l i t e  g l a s s ,  w i t h  t h i n  i n t e r bed s  o f  t u f f  and  b r e c c i a .  L i t ho i d a l  r h y o l i t e ,  a t  t he  
base o f  the mapped  sec t i on ,  i s  ove r l a in  by a  tabu la r  body  o f  po rphyr i t i c  pe r l i t e .  The  

c ongenes i s  o f  t he  pe r l i t e  and  t he  rhyo l i t e  i s  demons t ra t ed  b y  t he i r  nea r l y  i den t i ca l  
chemica l  compos i t ion (water- f ree bas is ) ,  phenocrys t  assemblage,  and int imate to grada-

t i ona l  con tac t  re la t i onsh ips .  The  h igh v i scos i t y  o f  the  pe r l i t e  resu l ted in  w idesp read 

brecc ia t i on o f  the mass  dur ing the  f low s tage.  

The per l i t e  was  a t tacked by hydrothe rma l  so lu t i ons ,  resu l t ing  in  the  deve lopment 
o f  z eo l i t e s  ( ? ) ,  s i l i c a  m ine r a l s ,  and  mon tmor i l l o n i t e  a s  t he  p r i nc ip a l  p r oduc t s  o f  t he  
s e l e c t i v e  a l t e r a t i o n  o f  t he  g l a s s y  m a t r i x .  T h e  p h en o c r y s t s  s h ow  v e r y  l i t t l e  a t t a c k .  
Chemica l  ana lyses  o f  una l te red  and  a l te red  pe r l i t e ,  conver ted  to a  wa te r - f ree bas i s ,  
show tha t  t he  S iO2  and  A l 203  con ten ts  were  es s en t i a l l y  unchanged  du r ing  z eo l i t i c  ( ? )  
a l t e r a t i o n ,  w h e r e a s  H 2 0 ,  C a O ,  a n d  M g O  w e r e  a d d e d ,  a n d  N a 2 O  a n d  K 2 O  w e r e  
pa r t i a l l y  l e a ch ed .  F eO  wa s  ox i d i z ed  l a r ge l y  t o  F e 2 O 3 .  

Upward  in  the  sec t i on two rhyo l i t i c  f l ow un i t s  w i th v i t rophyr i c  basa l  phases ,  and  

a  sepa ra t e  l ens  o f  v i t rophyre ,  a re  i n te r bedded  w i th  pumiceous  l ap i l l i  t u f f s  and  v i t r i c  

b r ecc i as .  The  tu f f s  a l s o  a re  l oc a l l y  a l te r ed .  

Laboratory furnace tes ts  of the per l i te  show that  i t  w i l l  expand at  moderate 
temperatures to a ce l lu lar product that may prove acceptable as a l ightweight p las ter 
aggrega te .  Ut i l i za t ion o f  the pe r l i t e  w i l l  be impeded by the preva lence o f  zones  of  
nonexpans ib le  a l terat ion minera ls  and spheru l i tes ,  which e l iminate 76 percent  of the 
mapped  segment  o f  t he  depos i t  f rom cons id e ra t i on  a s  a  source  o f  commerc ia l - g rade  
perlite. 

INTRODUCTION 

Per l i t e ,  the  vo l c an i c  g las s  tha t  may  be  expanded  by  approp r i a te  hea t  t r e a tmen t  
to  a  ce l l u l a r  mater i a l  espec ia l l y  va luab le  fo r  l i gh twe igh t  p las te r  agg rega te ,  has  become 
t he  bas i s  f o r  an  i ndus t ry  o f  s i gn i f i c an t  e c onom ic  impo r tance  i n  New  Mex i c o .  The  va l ue  
o f  p roduc t ion  in  1956  exceeded  one  m i l l i on  do l l a r s .  Th i s  repor t  s ummar i zes  the  p re -
l im i na ry  resu l t s  o f  one  segment  o f  a  con t inu ing  f i e ld  and  l abo ra t o ry  s tudy  o f  p e r l i t e  
depos i t s  o f  the  S ta te  by  the  New Mex i co Bureau  o f  M ines  and  M inera l  Resources .  

The Stende l  depos i t  was  being prospected in  1950 when the mapp ing was under-
taken ,  but  to  da te has  not  been m ined.  I t  was  se lec ted fo r  deta i led  s tudy  in  pa r t  because 
o f  t he  va r i e t y  o f  c on t a i ne d  impu r i t i e s  wh i c h  wou l d  a f f e c t  i t s  c ommer c i a l  u t i l i z a t i on ,  
shou ld  th i s  be  a t tempted .  F ie ld  re la t i onsh ips  show the  pe r l i t e  to  be  a  tabu la r  l aye r  o r 
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lens within a sequence of rhyolite f lows and tuffs. Chemical analyses of the perlite and 
assoc iated rhyol ite, when converted to  a water-free bas is ,  are essent ia l ly  the same, 
although the two rock types have a markedly different appearance in hand specimen. 

Although the commercial possibilities of this deposit may not be regarded as very 
attract ive, it  was bel ieved that a careful petrographic invest igat ion was warranted as a 
guide to interpretat ion and evaluat ion of other deposits. 

The mapped portion of the Stendel deposit (plate 1) l ies largely in section 14, and 
pa r t l y  in  s ec t ion  23 ,  T .  3  S . ,  R .  4  W. ,  in  Soco r ro  Coun ty ,  New  Mex i co .  The a rea  i s  
w ith in the western foothi l ls  of  the Magdalena Mounta ins ,  on the west  s lope of a narrow 
r idge between  Agua F r i a  Canyon ,  on  the  wes t ,  and  Hop Canyon ,  on  the  eas t .  I t  i s  
reached via 5.3 miles of road extending southward from Magdalena, the shipping point 

on a branch l ine of  the Atch ison, Topeka & Santa Fe Rai lroad, A l l  but  the f irst  1 .7  miles  
of road from Magdalena is rough and unimproved. The deposit  area is character ized by 
s teep s lopes of  moderate re l ief ,  w i th  a var iab ly sparse to  dense cover  of  p iñon p ine, 
juniper, and mountain mahogany. 

The wr iter  was ass isted br ief ly  in  the f ie ld by Donn M. Cl ipp inger,  and later  by 
James W. Coombe, Expansion tests of  per l i te samples were made by Cl ipp inger, us ing 
fac i l i t ies generously prov ided by the Southwest Exper iment  Stat ion of  the U. S .  Bureau 
o f  M ines ,  a t  Tucson ,  A r i zona ,  F .  J .  Kue l lmer ,  M .  E .  W i l l a r d ,  and  M .  S .  Sun ,  o f  the  
State Bureau of Mines and Mineral Resources, kindly aided in X-ray dif f ract ion analyses,  

GEOLOGY  

General Features  

The regional geology of the area surrounding the Stendel deposit  was not mapped 
as a part of th is project, nor was the sect ion of volcanic rocks treated herein correlated 
w i th  that  descr ibed by  Lough l in  and Koschmann (1942)  in  the  nor thern  Magda lena 
Mounta ins . It  is  the wr iter ' s impress ion that  the sequence of  rhyo l it ic  volcan ics  exposed 
in the foothi l l  belt  west of  the main mass of the Magdalena Mountains, and of which the 
rocks of the Stendel deposit  are a part , is  late in the total sequence of volcanic rocks of 
western New Mexico , A lthough def in ite proof  of  age is  lack ing, these rocks  are 
bel ieved to be late Pl iocene or early Pleistocene, The Stendel deposit  is only one of a 
number of occurrences of volcanic glass that are exposed in the region. 

The vent (or vents) from which the per l i te and associated rhyol it ic  rocks were 
erupted was not ident if ied, but the per l i te and c losely related under lying rhyol i te appear 
to  represent  a segment of the margin  of  a f low or  vo lcanic  dome. The area has been 
disturbed structural ly s ince the eruption of these rocks; hence relat ionships are obscured 
by fau l t ing, in  addi t ion to subsequent  eros ion and co l luv iat ion. The vo lcan ic  sequence 
in the depos it  area has a genera l northeaster ly dip. The steep s lopes of  the contacts  
between some of  the un i ts  probably represent  in i t ia l  s lopes rather  than products  of  
subsequent deformation. 
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Vo lcan i c  Sequence  and  Pe t rog raphy   

The accompany ing geo log i c  map (p la te  1)  shows tha t  the vo lcan ic  sequence in  
the  S tende l  pe r l i t e  depos i t  cons i s t s  o f  th ree  pa i r s  o f  l i t ho id a l  r hyo l i t e  and  rhyo l i t e  
g l a s s  s epa r a t ed  b y  t h i n  un i t s  o f  t u f f  a nd  b r e c c i a .  An  add i t i ona l  l e n s  o f  v i t r op hy r e  
appears  to l ie  w i th in the basa l  par t  of  the uppermost  tu f f  i n  the  center  of  the mapped 
a r ea ,  bu t  c on t a c t s  a r e  ob s cu r ed  b y  c ove r .  The  pe r l i t e  i s  on  t op  o f  t h e  l owe rmos t  
rhyo l i te ,  whereas  the two pr inc ipa l  v i t rophyre laye rs  are at  the base of  the o the r  two 
rhyo l i t e  un i ts .  Contac t s  between the  g lassy  and  l i th ic  phases  o f  each o f  the pa i rs  a re  
so in t imate and t i gh t l y  bonded as  to sugges t  that  each pa i r  i s  a  s ing le  erupt ive un i t  
ra the r  than d is t i nc t  f lows separated by a  s ign i f i can t  t ime in terva l .  The in terven ing tuf fs  
a l so  appear  to be c lose l y  re la ted  to the  f l ow pa i rs ,  thus  fu r the r ing the  imp l i ca t i on  tha t  
the ent i re  sequence may have been erupted in a matter  of  days  rather  than dur ing any 
app r e c i ab l e  u n i t  o f  g e o l o g i c  t im e .  Th e  ve r y  c l o s e  gen e t i c  r e l a t i on s h i p  be tw ee n  t h e  
per l i te  and the under ly ing rhyo l i te  i s  demonstrated by the i r  near ly  ident ica l  anhydrous  

chemica l  compos i t ion ( tab le  1), the petrographic  s imi lar i t ies  of  the phenocrys t  f rac t ion,  

and  the in t r i ca te ,  la rge ly  grada t iona l  con tac t  be tween the  two phases . 

The tota l  th ickness  of  the vo lcan ic  sequence in  the p lane of  the c ross-sec t ion 
(p la te  1)  i s  a  l i t t le  more than 800 f t ,  Var ia t ions  in  the th ickness  of  ind iv idua l  un i ts ,  
however ,  l ead  to a  max imum aggrega te  th ickness  o f  near ly  1 ,000  f t .  A  th in veneer  of  
s lope wash and ta lus  covers  a  par t  of  the  s lope.  The  base of  the sec t ion is  concea led, 
but  to  the wes t  o f  the mapped area vo lcan ic  cong lomera te,  v i t r i c  rhyo l i te ,  spheru l i t i c  
g lass  and rhya l i te , and an extens ive mass  of  fe ls i te were found in  descend ing order, 
presumab ly be low the mapped sec t ion.  

Lower  Rhyo l i te (Tr 1) 

The lower rhyol i te consis ts mainly of a gray, mass ive to convolute ly f low-banded 
porphyr i t i c  aphani te ,  w i th a  max imum exposed th ickness  of  170  f t .  The basa l  contac t  i s  
c ove r ed ;  hence  r e l a t i on sh i p s  w i t h  unde r l y i ng  un i t s  we r e  no t  d e t e rm ined .  The  c on t a c t  
w i th the over ly ing pe r l i te  a t  the  southe rn end  o f  the  mapped a rea was drawn on  the 
bas is  o f  a  g rada t iona l  change  f rom s tony  rhyo l i te  to  pe r l i t i c  g las s .  Toward  the nor th ,  
th i s  con tac t  i s  a  h igh ly  i r regu la r  su r face tha t  i s  c l ear l y  marked  by  an  ab rup t  change  in  
l i thology f rom L ith ic ,  be low,  to vi t r i c ,  above. 

The  manner  in  wh i c h  the  l ower  rhyo l i t e  was  emp laced  i s  no t  c l ea r l y  i nd i c a ted  

by i t s  f i e l d  r e l a t i on sh i p s  and  i n t e r na l  s t r u c t u r e .  I t s  c ongenes i s  w i t h  t he  ove r l y i ng  

pe r l i t e  i s  amp ly demons t rated  by the  nea r l y  i den t ica l  chemica l  and m ine ra log ic  com-
pos i t i on s  o f  t he  two ,  a s  s hown  i n  Tab l e  1 ,  and  b y  t he  l i t ho l og i c a l l y  g r ada t i on a l  
charac ter  of  a  por t i on  o f  the con tac t  between the rhyo l i te  and  the per l i t e .  St ruc tu ra l  
f ea tu res  in  the per l i t e ,  and  the  cha rac te r  o f  i t s  con tac t  w i th  the ove r l y ing  tu f f ,  a re  
par t icu lar ly  compat ib le  w i th emplacement as  a  vo lcan ic  dome or  f low .  The same or ig in  
shou ld  a l so be app l i cab le  to  the  l ower  rhyo l i t e ,  
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TABLE 1. CHEMICAL ANALYSES, NORMS, AND MODES OF LOWER RHYOLITE,  
PERLITE, AND ALTERED PERLITE.* 

272-P19 272-P51d 272-P52a 
 Lower Rhyolite (Tr]) Perlite (Tp) Altered Perlite 

Recalculated Recalculated Recalculated 
Natural Natural Natural 

to Anhydrous to Anhydrous to Anhydrous 

Si02 75.04% 75.79% 73.10% 76.42% 67.65% 75.78% 

Al203 13.35 13.49 12.50 13.07 11.85 13.27 

Fe2O3 1.01 1.02 .48 .50 1.18 1.25 

FeO .24 .24 .42 .44 .15 .17 

MnO .04 .04 .04 .04 .04 .04 

MgO .18 .18 .22 .23 1.03 1.15 

CaO .95 .96 1.03 1.08 2.82 3.16 

Na2O 2.88 2.92 2.99 3.12 .99 1.11 

K2O 5.15 5.20 4.76 4.98 3.34 3.74 

TiO2 .12 .12 .09 .09 .17 .19 

P205 .04 .04 .03 .03 .10 .11 

H2O+ .59 .00 3.70 .00 7.13 .00 

H2O - .14 .00 .36 .00 3.75 .00 

CO2 n.d. n.d. .00 .00 

S n.d. n.d. .03 .00 

Total 99.73% 100.00% 99.72% 100.00% 100.23% 100.00% 

NORMS MODES 

Minerals 272-P19 272-P51d Minerals 272-P19 272-P51d 

Quartz 36.51% 36.78% 
Orthoclase 30.90 29.58 Quartz 6.34% 5.43% 
Albite 24.80 26.33 Sanidine 1.35 4.05 
Anorthite 4.77 5.62 Oligoclase 8.38 3.66 
Corundum 1.24 .53 (Ab70_81) 
Enstatite .51 Biotite 1.34 .53 
Ferrosilite - .27 Hornblende .52 .31 
Magnetite .47 .73 Magnetite .16 trace 
Hematite .65 - Matrix                         82.80                     86.02     
Ilmenite                                  .15 .16 Total 100.00% 100.00% 
Total 100.00%  
*H. B. Wiik, analyst; norms by M. S. Sun. 
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The typical massive variety of this rock consists of prominent phenocrysts of white 
plagioclase up to 6 mm in length, smal ler glassy potash feldspar, rounded and embayed 
quartz, hexagonal plates of biotite, and prisms of hornblende set in a pale pinkish-gray 
cryptocrystal l ine matrix. Small , irregular vesic les are distr ibuted randomly. Weathered 
surfaces are darker gray to  brown. A chemica l analys is , norm, and mode of  the lower  
rhyol ite are given in  Table 1 . 

M ic roscop ic  s tudy o f  th insec t ions  revea l s  a  m ic rospheru l i t i c ,  po rphyr i t i c  
texture, w ith  a tendency for  the phenocrysts  to be grouped in  c lusters .  P lag ioclase, 
the most abundant of the phenocryst minerals, occurs as stubby euhedral to subhedral 
pr isms, many of which are c lustered and intergrown. Individual crystals range from 0.2 
to  2 .4 mm in  length, whereas c lusters  range upward to approx imate ly 6 mm. A few 
angular fragments are also present. Progress ive zoning is prominent in many of the 
plagioclase grains. Car lsbad twinning is wel l  developed, albite twinning is part ial ly 
deve loped,  and weak per i c l ine twinn ing is  v is ib le in  on ly  a  few gra ins .  Many gra ins  
y ie ld patchy to mott led ext inct ion;  a few conta in abundant inc lus ions of  the matr ix .  
Crystal margins are largely intact, although a few show sl ight corros ion. Maximum 

alb ite-twin ext inct ion angles  of 1-1/2 degrees ind icate median o l igoc lase. By analogy 
with  apparent ly ident ica l  phenocrysts in  the over ly ing congenet ic per l i te ,  however ,  i t  
may be assumed that a similar range of Ab81-70 should characterize the approximate 
composit ion of the plagioclase in the rhyol ite.  

Sanidine occurs as clear individual and clustered, stubby euhedral prisms and 
angular fragments, a few of which contain matrix inclusions. 2V is very small , and 
extinction is sharp. Single crystals range from about 0.5 to 2.3 mm in length. There 
appears to be local replacement of plagioclase by sanidine. 

Quartz is in part euhedral, but largely anhedral and rounded. A few angular 
fragments are present. Some grains are deeply embayed by the matr ix. Ext inct ion is 
sharp. Individual crystals range from 0.3 to 2.2 mm in diameter. A very smal l  amount 
of  quartz  also  occurs  as a l in ing of  ves ic les ,  in  wh ich occurrence ext inct ion is  
character ist ica l ly  undulatory. 

Biotite occurs as euhedral hexagonal plates ranging from 0.1 to 1.33 mm across. 
P leochro ism is  var iab le  in  shades o f  pa le o l i ve ,  ye l low-brown to  opaque, and dark 
red-brown, owing to  var iat ions in  the degree of  ox idat ion. Opt ic  angles a lso vary 
considerably, increasing with the degree of oxidat ion. S l ight alterat ion of the r ims of 
some grains to iron oxide is apparent. 

Hornblende is of sparse occurrence as euhedral to anhedral prisms, with a size 
range of 0.2 to 1.0 mm, Pleochroism ranges from pale greenish-brown to yel low-brown 
to  b lood red. Ext inct ion angles  of  approx imate ly 1-1/2 degrees are ind icat ive of 
oxyhornblende. 

Magnet i t e  i s  o f  spar se  occurrence in  the  mat r i x  and inc luded in  b io t i t e  as  
euhedral to anhedral grains from 0.08 to 0.20 mm in diameter. Z ircon is rare as inc lu-
s ions in  b iot ite and p lag ioc lase. 

5 



An aggregate of colorless microspherules ranging from 0.031 to 0.067 mm in 
diameter ,  w i th  the major i ty about  0 .045 mm, makes up the bu lk o f  the matr ix .  The 
microspherul i tes have an approximate mean index of refract ion of 1.512. 
Megaspherul i tes up to  1 .2  mm in  d iameter  are  scat tered randomly throughout  the 
th insect ions .  They are  brown by transmitted l ight and have a pronounced radial f ibrous 
structure and obscure concentr ic  growth r ings .  Smal l ,  i r regu lar  ves ic les  const i tu te 
approx imate ly three percent  of the matrix. 

Segments  o f  the  lower  rhyo l i t e ,  par t i cu la r l y  in  the  upper  po r t ion ,  d i f f e r  in  
character from the massive var iety by having a pronounced convolute f low structure, and 
larger  and more abundant megaspheru l i tes and ves ic les . Ves ic les  ranging from a few 
mil l imeters to 15 cm in diameter are coated with a th in layer of hyal i te and are part ial ly  
f i l led with  a f lat -topped, banded layer  o f  chalcedony and pear ly-white opal .  
Wahls trom (1941 ,  p  557 ,  f ig  5 )  has  i l l us t rated  s im i la r  cav i t y  f i l l ings  f rom Spec imen  
Mounta in ,  Colorado. Colloform chalcedony forms overgrowths on white opal in some of 
the vesicles. The near ly hor izontal  att i tude of  the f lat  upper  surface of  the white opal 
in the larger ves ic les  provides an excel lent  ind icator  of  the s l ight  degree of  t i l t ing 
that  has af fected the lower  rhyo l i te in  i ts  post-ves ic le- f i l l ing h is tory.  

Other rock types that have been ass igned to this unit for convenience in mapping 
inc lude (1) a highly porphyr it ic , apparent ly quartz- and sanidine-free, medium 
brownish-gray f low-banded aphanite c losely resembl ing the middle rhyol ite (Tr2) that 
projects into the base of  the per l i te in the d ikel ike lobe in the southwestern port ion of  
the area, and (2) the  sma l l  i so lated outcrop of  h igh ly  spheru l i t ic ,  subper l i t ic  g lass  
des ignated Tr 1? , below the main perl i te outcrop. Quartz and sanidine are also 
apparent ly absent from this rock. 

Perlite (Tp)  

The unit with which th is report is  pr imar i ly concerned is a porphyr it ic per l ite that 
crops out in a nearly continuous band through the mapped area, and beyond to the 
southeast. No traces of this unit were found north of the outcrops shown in Plate 1, and 
only fragmentary outcrops and f loat on the eastern (Hop Canyon) side of the r idge 
indicated eastward cont inuat ion of  the mass beyond the l imits of  the map area. 
A lthough much of  the lower contact is  gradat ional w ith  the under ly ing rhyo l ite,  the 
upper  contact  w ith  the over ly ing tuf f  is  a sharp ly def ined surface with  negl ig ib le loca l  
re l ief .  The at t i tude of the per l i te is  obscure, but the regional  d ip is  be l ieved to  be 
about  as  shown in  the section (plate 1), on the basis of which the exposed thickness 
ranges approximately from 175 to 230 ft . Dips of 2 degrees to the north shown by 
laminat ions in chalcedony-opal cav ity f i l l ings  in  the per l i te indicate subsequent  
deformat ion. 

The internal structure of the perl i te is  shown in Plate 2. Widespread brecciat ion 
and steep dips of f low bands are regarded as products of f lowage of highly viscous glass 
close to the margin of the body. These features suggest that the mapped portion of the 
perl ite represents the marginal segment of a f low or extrusive dome. 
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The preva i l ing f resh- rock type is  a  mass i ve pa le-  to  med ium-gray porphyr i t i c  g lass  
w i t h  v i t r eous  l us t e r .  Phenoc r ys t s ,  1 -4  mm l ong ,  o f  wh i te  to  ve r y  pa l e - g r a y  p lag i oc la se ,  

g la s sy  po tash  f e ldspa r ,  qua r t z ,  and  m inor  b i o t i t e  and  hornb lende ,  se t  i n  a  mat r i x  o f  ve r y  

f i ne -g ra ined  pe r l i t i c  g la s s ,  may  be  rec ogn i zed  w i th  a  hand  l ens .  The  pe r l i t i c  s t ruc tu r e  i s  
bare ly  apparen t  to the una ided  eye and has  l i t t l e  e f fec t  upon the  tendency of  the rock to  

f rac tu re  subconcho ida l l y .  

In  th insec t i on ,  t he  r ock  i s  v i t r ophyr i c  and  pe r l i t i c .  P henoc r ys t s  tend  to  occur  i n  
c lus te rs .  The  pe r l i t e  t yp ica l l y  ( see  tab le  1)  cons i s ts  of  phenoc rys ts  o f  quar t z ,  san id ine ,  
p lag ioc la se ,  b io t i t e ,  and  hornb l ende ,  i n  a  mat r i x  o f  c l ea r ,  c r ys ta l l i t e - f r ee ,  h igh ly  pe r l i t i c  
g la ss ,  w i th  a  mean index  of  r e f rac t i on  o f  1 .496 .  Quar t z  occurs  l a rge ly  as  rounded  pheno-
crys ts,  0.3 -1 .8 mm in d iameter,  that  are deep ly embayed by the matr ix;  a few grains have 
s ubhed r a l  ou t l i n e s .  Cu r ve d  f r a c t u r e s ,  s im i l a r  t o  pe r l i t i c  f r a c t u r e s  i n  t he  ma t r i x ,  a r e  a  
common feature in the quar tz . Veinle ts, embayments, and part ia l  r ims of very f ine-grained 
aggregates of a  minera l w i th low b ire fr ingence and indices of re frac t ion less than those of 
san id ine,  are a lso present  in  the quar tz . 

San id ine  occurs  as  euhedra l  to  rounded anhedra l  phenoc rys t s  rang ing  f rom 0 .2  to  
1 .4  mm in  d i ame te r .  Ind iv i dua l  g ra i ns  c ommon l y  a r e  c lu s te r ed  t oge the r .  Op t i c  no rma l  
sec t i ons  y i e ld  nea r l y  un iax ia l  nega t i ve  in t e r f e rence  f i gu res .  Embaymen ts ,  pa r t i a l  r ims ,  
inc lus ions ,  and narrow ve in le ts  of  the l ow b i re f r ingent  mine ra l  agg regate ment ioned above 
are a lso assoc ia ted w i th the san id ine.  

P lag ioc la se  occurs  as  euhedra l  t o  angu la r  anhed ra l  g ra ins  rang i ng  f rom 0 .1  to  1 .7  
mm in  d iame te r .  I nd i v idua l  g ra i ns  tend  to  fo rm c lus t e r s  and  angu la r  i n te rg r owths .  Weak  
zoning is  present in  some gra ins,  where in the cores are more ca lc ic  than the r ims.  Car lsbad,  
a lb i t e ,  and  ra re per ic l i ne tw inn ing a re a lso ev ident .  Tsubo i  ind ices  o f  re f rac t i on ind ica te 
c ompos i t i on s  r ang i ng  f r o m  med i an  o l i g o c l a s e  t o  o l i g o c l a s e - andes i ne  ( A1381_70 ) .  Some  
gra ins  conta in .  embayments  and inc lus ions  of  the low b i re f r ingent  minera l  aggregate.  

Phenoc rys ts  of  b iot i t e  and hornb lende are m inor  cons t i tuents  of  the per l i te .  The  
b iot i te  ranges  f rom 0 ,2  to 0 .8 mm across  and is  euhedra l  to  subhedra l ,  pa le o l ive  to pa le  
b r own  and  opaque ,  and  l o c a l l y  embayed  by  t he  ma t r i x ;  i t  e xh i b i t s  a  ve r y  sma l l  op t i c  
ang le .  Apa t i t e  i nc lus i ons  i n  the  b io t i t e  a re  spa r se .  Hornb l ende  occurs  as  g reen i sh-b r own 
to  b rown i sh-g reen  euhedra l  p r isms tha t  range f rom 0 .1  to 1 .2  mm in  leng th .  Max imum 
ex t i nc t i on  ang les  r each  21  deg rees .  The  hornb lende  a l so  conta ins  spa r se  apa t i t e  i nc lu -
s i o n s .  B o t h  h o r n b l e nd e  an d  b i o t i t e  i n  t h e  p e r l i t e  l a c k  t h e  v i s i b l e  e f f e c t s  o f  h i g h -
tempera ture  ox ida t ion tha t  cha rac ter i z e  these  m inera l s  i n  the  l ower  rhyo l i t e .  

In  add i t i on  to  the  typ i ca l  pe r l i t e  desc r ibed  above ,  s eve ra l  va r i an t s  may  be  
d is t ingu ished.  Some segments  of  the mass  are marked by dark b lu ish-gray,  purp l ish-gray,  
and  red  l en t i cu la r  s t reaks  and  na r r ow  p lana r  f l ow  bands  in  a  hos t  o f  the  more  typ i ca l  
g ray  rock .  Loca l  zones ,  up to  seve ra l  t ens  o f  f ee t  ac ros s ,  cons i s t  o f  mot t l ed  to un i fo rm 
dark -b lu ish -g ray ,  dark -b rown,  or  nea r l y  b lack g lass ,  w i th a  somewhat p i t chy lus ter .  These 
co lo r ed  va r i e t i e s  a r e  cha r ac te r i z ed  in  th i nsec t i on  by  abundan t  pa l e -g r een  c r ys ta l l i t e s ,  o f  
which t r i ch i tes  cons t i tu te  the majo r  f rac t i on and margar i tes  the  minor  f rac t ion,  
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P lana r  bands  and i r r egu la r  zones  o f  spheru l i t i c  pe r l i te  have been d i f f eren t i a ted 
on  the  accompany ing  de ta i l ed  map ,  P la te  2 .  Redd i sh-b rown megaspheru l i te s  rang ing  f rom 
les s  than  1  mm to  more than 1  cm in d iameter  ( the majo r i ty  i n  the  2-3  mm s ize range)  
loca l ly  const i tu te  up to more than 50  pe rcent  o f  the  rock .  Many of  the spheru l i t es  have  
deve loped  abou t  phen oc r y s t  nuc l e i ,  o f  wh i c h  on l y  p l ag i o c l a s e  s hows  s l i g h t  l o c a l  
c o r r o s i on .  Ve s i c l e s  and  s phe ru l i t e -wa l l e d  c a v i t i e s ,  p a r t i a l l y  f i l l e d  w i t h  opa l  an d  
c ha l c edony ,  a r e  r e l a t i v e l y  abundant  in  the more h ighly  spheru l i t i c  zones .  Th is  re la t ionsh ip ,  
as  a l ready noted,  i s  a lso charac te r is t i c  o f  the spheru l i t i c  phases  of  the lower  rhyo l i t e.  In 
th insect i on ,  the  spheru l  Res  a r e  b r own  by  t r an sm i t t e d  l i g h t  and  e xh i b i t  we l l - d eve l oped  
r ad i a l  f i b r ous  s t r u c t u r e .  T he  f i be r s  have  pa ra l l e l  ex t inc t i on  and  pos i t i ve  e longa t ion .  
Concen t r i c  g rowth  l i nes  a r e  p rom in en t  i n  s om e  i nd i v i d ua l s .  T r a i n s  o f  c r y s t a l l i t e s  pa s s  
t h r o ug h  t h e  s ph e r u l i t e s  w i t h ou t  i n t e r rup t i on  o r  de f l ec t i on .  The  absence  o f  de f o rmat ion  
o f  t he  sphe ru l i t e s  b y  f l owage  po i n t s  t o  t he i r  o r ig in  a f te r  immob i l i z a t i on  o f  the  mass .  
Powder  d i f f r ac t i on  pa t te rn s  o f  se l ec ted  spheru l i t es  were ob ta ined w i th  a  Nor th Amer ican 
Ph i l l ips  X -ray spec tromete r ,  us ing Cu/N i  rad ia t i on .  These  showed tha t  the spheru l i t e s  
cons is t  o f  two components ,  c r i s toba l i t e  and  fe ld spa r .  Accord ing  to  F .  J .  Kue l lmer  
(pe r sona l  c ommun ica t ion ,  11  June  1956 )  the  
fe ldspa r  i s  probab ly  c ryp toper th i te .  

Au toc las t i c  b recc ia t i on  has  a f fec ted  much o f  the pe r l i t e  to  an ex ten t  tha t  ranges  
f rom s l ight  to  extreme (see p la te  2) .  Where s l ight ly  deve loped,  the rock has  been broken 
without s ignif icant latera l  d isplacement or rotat ion of the fragments. In i ts  more extreme 
deve l opmen t ,  b re cc i a t i on  ha s  re su l t ed  in  p r onounced  l a t e r a l  d i sp l ac emen t  and  r o t a t i on  
of angular fragments, as shown by mixing of d iverse co lor var iants of per l i te and angular 
d i s co rdance  o f  f l ow  bands  in  ad jacen t  f r agments .  I nd iv idua l  f r agments  rang i ng  f rom a  
f rac t i on  o f  an inch to  severa l  f ee t  across  a re  se t  l oca l l y  i n  a  f i ne l y  comminuted  mat r i x ,  
which is  in  some p laces pumiceous.  Smal l  fragments may be pumiceous throughout , whereas  

la rger  b locks  more commonly deve lop on ly  a  r im of  ves icu la t ion,  thus  demonstrat ing that 
vesiculation was preceded by brecciation. Although bands and irregular zones of brec-
c i a t i on  a r e  p resent  th r oughou t  the  depos i t ,  the re  i s  a  g rea t e r  pe r s i s tency  and  in tens i t y  
o f  s u ch  f ea tu re s  a t  t he  top .  The  i r r egu la r  shape  o f  t he se  b re cc i a t ed  z one s ,  t he  p r es ence  
o f  some zones  in  i so la ted  bod ies  tha t  were  apparen t ly  su r rounded  by un f rac tu red  pe r l i t e ,  
and  t he  g r ea t e r  p e r s i s t enc y  o f  b r e c c i a t i on  a t  t he  t op  o f  t he  mas s  po i n t  t o  o r i g i n  wh i l e  
t he  pe r l i t e  was  s t i l l  p l a s t i c  enough t o  y i e ld  b y  f l ow ,  whe re  the  r a t e  o f  d e f o rma t i on  was  

s l ow ,  but so viscous as to yield by fracture, where the rate of deformation was excessive. 

The  pe r l i t e  was  ex t ens i ve l y  a l t e red  f o l l ow ing  b r ecc ia t i on ,  as  a  r es u l t  o f  wh i c h  
narrow seams a f ract ion of  an inch in w idth,  bands up to more than one foot in  width, and 
zones  as  much  as  300  fee t  ac ros s  cons i s t  o f  mate r i a l  i n  wh i ch  the  g las sy  mat r i x  o f  t he  
per l i te  has  been par t i a l ly  to  to ta l l y  conver ted  to a  c rys ta l l i ne aggrega te  (p la te  2) ,  The  
phenoc r y s t s  we r e  l a r ge l y  una t t a c ked .  Whe re  a l t e r a t i on  was  r e l a t i v e l y  s l i g h t ,  f r a c t u r e s  
were  hea led  f i rm l y  by  pa le -bu f f  to  g reen i sh -bu f f  a l t e ra t i on  p r oduc ts  i n  pa r a l l e l  and  
anas tomos ing seams .  A g roup  o f  a l te red  seams  a t  the  nor the rn end o f  the depos i t  were 
fo rmed  in  the  wa l l s  o f  h igh-ang le  j o in t s  o f  no r the r l y  t rend .  A l te red  s eams  and  bands  up  
t o  s e ve r a l  i n c h e s  w i de ,  w h i c h  w e r e  a ppa r e n t l y  no t  f r a c t u r e  c o n t r o l l e d ,  a r e  l o c a l l y  i n  
p a r a l l e l  a l i n eme n t  w i t h  s phe ru l i t i c  b and s  and  f l ow  band i ng .  I n  s ome  o f  t he  e x t ens i v e  
zones  of  complete a l terat ion to a  hard,  tough,  pa le-buf f  l i tho ida l  mass ,  t races  of  pr ior  
b recc ia t i on have  been ob l i t e ra ted  a lmos t  en t i r e l y  by the  p rocesses  o f  a l t e ra t i on.  Bound-
a r i e s  be tween f resh  and  a l te red  pe r l i t e  a re  l oca l l y  sha rp  and  regu la r ,  pa r t i cu la r l y  a l ong  
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nar row  seams  and  bands .  E l sewhere  they  a re  d i f fuse and i r r egu la r ,  g rad ing ou tward  th rough  

a  t r ans i t i ona l  z one  in  wh i c h  a l te r a t i on  i s  c on f i ned  to  p r og r ess i v e l y  na r r ower  r ims  bo rde r ing 

per l i t i c  f rac tures .  

Tha t  a l te ra t i on  d id  no t  i nvo lve  s imp l e  c rys t a l l i z a t i on  o f  t he  pe r l i t e  i s  c l ea r l y  shown 
by  the  chemica l  ana lyses  of  to ta l l y  a l t ered pe r l i te  and  o f  f r esh pe r l i te  i n  Tab le  1 .  A  no te-
worthy ga in in  water  content  of  6 .82  percent  contras ts  w i th the normal  loss of  water  that  
a c c o m p a n i e s  s i m p l e  d e v i t r i f i c a t i o n  o f  p e r l i t e  t o  r h y o l i t e .  S i g n i f i c a n t  c h a n g e s  i n  t h e  
p r opo r t i on  o f  a l l  o t he r  ma j o r  c ons t i t uen t s ,  e x c ep t  s i l i c a  and  a l um ina ,  a r e  a l s o  appa r en t  
when the  compos i t i ons  a re  reca l cu la t ed  to  an  anhydrous  s ta te .  The  p r inc ipa l  ca t i on i c  
ga ins  were l ime (2 .08  pe rcen t)  and magnes ia  (0 .92  percent) .  The pr inc ipa l  l osses  were 

soda  (2 .01  pe rcen t )  and  po tash  ( L24  pe rcen t ) .  Comb ined  we igh t -pe rcen tage  ga ins  o f  
l ime  and  magnes ia  ( 3 .00  pe rcent )  a re  approx ima te l y  ba lanced  b y  we igh t -pe rcen tage  l os ses  
o f  s oda  and  po ta sh  (3 .25  pe rc en t ) .  On  a  mo le cu l a r  b as i s ,  the  r a t i o  o f  g a i ns  to  l os s es  i s  
1 : 1 , 5 7  ( C a O + M g O : K 2 O + N a 9 O ) .  R a t i o s  o f  i n d i v i d u a l  m o l e c u l a r  o x i d e s  a r e  1  C a 0 : 0 . 3 2  
M g O : 1  K 2 O : 1 . 0 7  N a 2 O .  I n d i c a t e d  g a i n s  i n  t i t a n i a  a n d  p h o s p h a t e ,  t h o u g h  p r o p o r t i o n -  
a t e l y  l a r ge ,  a r e  q ua n t i t a t i v e l y  m i n o r .  O x i d a t i o n  o f  f e r r ous  i r o n  t o  t h e  f e r r i c  s t a t e  i n  a  

r a t i o  s im i l a r  t o  t ha t  f ound  i n  t he  unde r l y i ng  r hyo l i t e  i s  i nd i c a t ed  a l s o .  S im i l a r ,  t hough  

l e s s  p r o no un ced ,  c o mpo s i t i o na l  c ha nge s  w i l l  b e  no t ed  i n  t he  a l t e r a t i on  o f  a  r hy o l i t e  
p i t chs tone  d ike  f rom the Is l e  o f  A r ran ,  Sco t l and ,  i f  the  ana lyses  tabu la ted by Har r i s  and  
B r i nd l e y  ( 1 954 ,  p  8 20 )  a re  r e c a l c u l a t ed  t o  an  anhy d rous  ba s i s .  A l t e r a t i on  o f  t he  p i t c h -
s tone g lass  to morden i te  has  resu l ted in  p ronounced hyd ra t ion ,  a  sma l l  l oss  i n  a lka l ies ,  a  
sma l l e r  ga in  in  l ime  and  magnes ia ,  an increase  in  fe r r i c  i r on,  and  no s ign i f i c an t  change 
in  s i l i ca  and a lumina con tents .  

In th insect ion,  the a l tered per l i te  shows rep lacement of  the or ig ina l  g lassy ground-
mass  by a microcrysta l l ine assemblage of  f ibrous,  spheru l i t ic ,  p laty , and mosa ic aggregate 
m i n e r a l s .  T h e  p h e n o c r y s t s  s h ow s  l i t t l e  o r  n o  a l t e r a t i o n ,  e x c e p t  f o r  i r r e g u l a r  p a r t i a l  
ox ida t ion of  b io t i te  and  hornb lende to red p leochro ic  types .  S l igh t  a l tera t ion resu l ted in  
accentua t ion of  the per l i t i c  s t ruc ture by con tro l led  deve lopment of  the a l te ra t i on products  
a long per l i t i c  f rac tu res .  Wi th inc reas ing in tens i t y  i n  the degree of  a l tera t i on ,  the pe r l i t i c  
s t ruc t u re  was  des t royed  p rog ress i ve l y .  A l te ra t i on  ha s  resu l ted  l oca l l y  i n  the  p r oduc t ion  o f  
a  mic rof lu ida l  band ing that i s  not  apparent  in  adjacent  areas  of  una l tered g lass . 

Pre l iminary at tempts  to ident i fy  the a l terat ion minera l s  have been large ly  unsuc-
c e s s f u l ,  ow i ng  t o  t he  m i c r o s c op i c  s i z e  a nd  n on de f i n i t i v e  op t i c a l  p r op e r t i e s  o f  t he s e  
minera ls .  T ra ins  of  g lobu la r  gra ins  and len t icu la r  mosa ic  aggrega tes  o f  a  minera l  tha t  i s  
b rown by  t ransm i t ted  l i gh t  and  wh i t e  by  r e f l ec ted  l i g h t  under  l ow-power  magn i f i c a t i on ,  
and  g reen by  t ransmi t ted l i gh t  under  h igh  magn i f i c a t i on ,  i s  o f  w idesp read (bu t  quant i t a -
t i v e l y  m i n o r )  o c c u r r e nc e  i n  p e r l i t i c  f r a c t u r e s  a n d  f l u i d a l  b a n d s  i n  t h e  a l t e r ed  r o c k .  
Re l i e f  and b i re f r i ngence a re  modera te ,  and the  ind i ces  o f  re f rac t i on  a re  g rea ter  than  tha t  
o f  b a l s am .  A  c o l o r l e s s ,  l o w -b i r e f r i ngen t  f i b r o us  m ine r a l ,  w i t h  po s i t i v e  e l ong a t i on  and  
ind ices  o f  re f rac t i on o f  app rox imate l y  1 .474 ,  i s  w idespread  as  rad ia l  f ib rous  aggrega tes  
borde r i ng  f r ac tu res  and  f l u ida l  b ands  o f  the  g reen  m ine r a l .  A  th i rd  m ine ra l  o f  p rominence  
in a ltered zones forms microcrystal l ine , f laky mosaic aggregates in the matr ix,and euhedral 
r e c t a ng u l a r  p l a t e s  t ha t  p r o j e c t  i n t o  c a v i t i e s .  T h i s  m i ne r a l  ha s  v e r y  l ow  b i r e f r i n ge nce ,  
p a ra l l e l  e x t in c t i on ,  c l e avage  pa r a l l e l i ng  t he  po s i t i v e  e l onga t i on ,  and  i nd i c es  o f  r e f r ac t i on  
o f  app rox ima te l y  1 .474 .  A  f ew  g r a i ns  y i e l d  a  ve r y  weak ,  unr ecogn i z ab l e  i n te r fe r ence  
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f igure. Ext inct ion is  commonly undulatory.  Opal ,  chalcedony, and quartz  that is  
c loudec w i th  dus ty  inc lus ions  are  common as  cav i ty  f i l l ings .  Opa l  occu rs  in  severa l  
var ie t ies ,  among which are co l  loform hyal i te;  so ft ,  f rosty-white to  buf f  aggregates  
resembl ing geyser ite; and a white (pale brown by transmitted l ight) variety that shows highly 
undulatory stra in b irefr ingence and y ields  wel l-def ined un iax ia l  negat ive interference 
f igures . 

X-ray powder diffraction spectrograms of the altered perl ite reveal a number of strong 
ref lect ions that are not present in the dif fract ion patterns of unaltered per l ite. Attempts to 
correlate the d-values of these ref lect ions with avai lable publ ished values have to date 
proved unsuccessful, but pronounced similarit ies with several zeolites were noted. X-ray 
d i f f ract ion and opt ica l  proper t ies ,  bo ls tered by the chemica l  compos i t ion of the altered 
rock, strongly suggest that zeolites are probably the principal products of alterat ion. 

The specif ic agency,of alterat ion has not been determined, but the character of the 
chemica l  exchanges invo lved , the  format ion o f  zeo l i t es  (?) ,  montmor i l lon i te ,  and s i l ica 
minerals as alterat ion products, and the pattern of structural contro l and distr ibut ion of 
a l terat ion po int  to mineral-charged hydrothermal so lut ions of vo lcanic  af f i l iat ion as the 
responsible agent. 

If  one may judge from publ ished accounts, zeol i tes are of far less common occurrence 
as hydrothermal alteration products of siliceous volcanic glasses than montmori l lon ite, 
kao l in i te,  ser ic ite,  and alun ite. Th is  wel l  may be a funct ion of the more l imited stabi l ity 
ranges of the zeoli tes, as wel l  as the more cr it ical l imits of  so lut ion composit ion and 
temperature required in their  format ion. Steiner (1953) has described the occurrence of  
pt i lo l i te,  w ith  minor  analc ite and heu landite,  as  hydrothermal-alteration products of vitr ic 
rhyolite tuff and . tuffaceous sandstone in an act ive fumarol ic- hot  spr ing environment  in  the 
Wairakei area;  New Zealand. Some doubt  ex ists ,  however ,  as  to  the va l id i t y  o f  the 
deta i led compar isons made between  the  compos i t ion o f  the altered rock and that of fresh 
obsidian and ignimbrite in the neighboring area. Heulandit, (c l inopt i lo l i te)  and analc ite are 
among the prominent hydrothermal  minera ls  in  per l i t ic  obsidian and l i thoidal rhyol i te in 
Upper Geyser Basin,  Yel lowstone Nat ional Park (Fenner 1936, pp 247-248). Bramlet te and 
Posnjak (1933) have shown that c l inopt i lo l i te in beds of the Monterey group is a product 
of  a lterat ion of  vi tr ic  volcanic ash, but  the a lter ing agency (weather ing vs. hydrothermal) is 
not specif ied. Previous reference has been made above to the study by Harr is and Br indley 
(1954) of the alteration to mordenite of glass in a rhyol ite p itchstone dike in  the Is le of 
Arran, Scot land. Their  conc lus ion (p 824) that "zeolites as intermediate products in the 
breakdown of volcanic material, may be more common than is thought," mer its reiterat ion. 

According to Lover ing (1950), zeol ites have been synthesized only in alkal ine 
solut ions. Kerr refers to exper imental work by Noll  (1936) indicating that zeol ites form 
under  more alkal ine condit ions than e ither  montmor i l lon ite or  ser ic ite.  The pers istence of 
fresh plagioclase phenocrysts throughout altered zones in the Stendel deposit supports the 
suggest ion that alteration was effected by alkal ine solut ions (Steiner, 1953, p 11). 
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Figure 1.  

DIFFERENTIAL THERMAL ANALYSES  OF PERLITE  AND ITS  ALTERATION PRODUCTS  

1 .  S am p l e  2 72 - P5 1 d ,  u n a l t e r ed  pe r l i t e .  
2 .  Samp le  272 - P52b ,  z eo l i t i c  ( ? )  a l t e r a t i on  o f  p e r l i t e .  
3 .  Sample  272-P54 ,  montmor i l l o n i t i c  a l t e r a t ion  o f  per l i t e .  
4 .  A .P . I .  S t andard  C lay  No .  H -23 -a ,  mon tmor i l l on i t e  f rom  Chambers ,  A r i zona .  

Curve 1 was obtained with a galvanometer sensit ivity sett ing of "high," whereas 
a l l  o ther  curves were obtained with  a set t ing of  "medium." Curve 1, accord ingly,  is  ampl i f ied 
3 t imes. Eberbach & Son Co. portable dif ferent ia l  thermal  analyzer . 

 



In addi t ion to the zeo l i t ic  (?)  a lterat ion descr ibed above, very minor  amounts of 
montmor i l l on i te  have  fo rmed  as  a  p roduc t  o f  a l t e ra t ion  o f  the pe r l i te .  Montmor i l l on i t i c  
a l t e r a t i on  was  rec ogn i zed  a t  on ly  a  few  p laces ,  pe rhaps  in  pa r t  ow ing  to  the  phys i ca l  
ins tab i l i ty  of  montmor i l lon i te  in  the ou tc rop ,  bu t  p robab ly  l a rge ly  ow ing to the re la t ive l y  
s l i gh t  deg ree  o f  mon tmor i l l on i t i z a t i on  t ha t  took  p l ace .  The  m ine ra l  occur s  as  pa le -g r een  
to  pa le -p ink  and  wh i te  na rrow  seams and i r r egu la r  pa tches  borde r ing  f rac tu res  in  f r esh  
per l i te .  Paragenet ic  and spat ia l  re la t ionsh ips  w i th zeol i t i c  (?)  a l terat ion have not  been 
de t e r m in ed .  B r a m l e t t e  an d  Pos n j a k  c o nc l u ded  t ha t  c l i n op t i l o l i t e  i n  t h e  b ed s  o f  t he  
Monte rey  group  was  an  in te rmed ia te  produc t  o f  a l t e ra t i on  o f  v i t r i c  vo lcan ic  ash,  w i th 
montmor i l lon i te  as  the end product  of  the process  (agency unspec i f ied) .  Ste iner  (1953)  
p roposed  a  reve r sed  pa ragenes i s  fo r  hyd ro the rma l  a l te ra t i on  a t  Wa i r ake i ,  New Zea land ,  
bu t  the  ev idence  c i t ed does  no t  appear  to be conc lus i ve .  

D i f f e ren t i a l  the rma l -ana lys i s  curves  o f  f r esh pe r l i te ,  z eo l i t i c  (? )  a l te red per l i t e ,  
montmor i l l on i t i c  a l t e red  pe r l i t e ,  and  a  s t andard  mon tmor i l l on i te  f rom Chamber s ,  A r i zona ,  
are shown in F igure 1 for comparison purposes. The curves were drawn from manual records 
ob ta i ned  w i th  an  Eberbach  &  Son  Co .  po r tab le  d i f f e r en t i a l - the rma l  un i t .  

Narrow ve in le ts  of  gray ish- red j aspe r  a re d is t r ibu ted  sparse l y  throughout  the  pe r l i te  

in  the mapped area,  as  ind icated in  P la te  2 .  The jasper  occurs  both as  s imple ve in le ts  and as  

anas tomos ing ve in le t s  tha t  cement narrow bands of  b recc ia ted per l i te .  A l though 

emp lacement was contro l led  at  many p laces  by f rac tu res ,  there i s  a  marked pa ra l l e l i sm 

o f  mos t  o f  t he  ve i n le t s  w i t h  f l ow  band i ng  i n  t he  pe r l i t e .  L i t t l e  e v id ence  o f  r ep l a cemen t  of  
per l i te  by j aspe r  was no ted in  the course  o f  th is  s tudy,  except  for  s l i gh t  co r ros ion of  the 
margins of altered brecc ia fragments.  

Lower  Tuff  (Tt1)  
 

The per l i t e  i s  over la in  by a  s lope- form ing sequence  o f  pumiceous  lap i l l i  tu f fs  and  
tu f f -brecc ias  that  are concea led large ly  by ta lus  and  s lope wash.  Iso la ted  pa tches  o f  the 
basa l  por t ion of  the tuf f  c rop out  at  w ide ly  separated p laces  a long the contac t w ith the 
under l y ing per l i t e .  The  lower  contac t  i s  a  sha rp ly  def ined  in te r face be tween per l i t e  and 
t u f f  a l ong  a  c ompa ra t i v e l y  smoo th  s u r f ac e  o f  l ow  r e l i e f .  Tu f f  f r agmen ts  a r e  imp ress ed  
in to ,  and f i rm ly bonded to ,  the  under l y ing per l i t e .  The  con tac t  app rox imate l y  pa ra l l e l s  
bedd ing in  the tuf f ,  d ipp ing nor th to nor thwes t  a t  ang les  o f  f rom 13 to  20  degrees .  The 
upper  con tac t  was  seen on ly  a t  one p lace;  i n  the  canyon  nea r  the  nor the rn end o f  the  
depos i t ,  whe r e  t he  t u f f  i s  o ve r l a i n  b y  a  f l ow  ( ? )  b re c c i a  o f  angu l a r  b l o c k s  o f  g r a y  t o  
ne a r l y  b l a c k  v i t r op hy r e  a l ong  a n  ea s twa rd  d i p p i ng  c on t a c t .  A  l e n s  o f  c o ng l o me r a t e  
composed  o f  subangu lar  to  subrounded vo l can ic  pebb les  in  a  matr ix  of  red  s i l t  i s  loca l ly  
p r e s en t  a t  t he  c on t a c t .  T he  t o t a l  t h i c kne s s  o f  t he  l owe r  t u f f  s equence  may  r ange  
approx imate ly  f rom 35 to 55  f t .  

The  tu f f  cons i s t s  l a rge ly  of  l ap i l l i  and sma l l e r  quant i t i e s  o f  ash ,  i n  wh ich  f ragments  
o f  wh i t e  t o  bu f f  pum i c e  p r edom ina t e .  The  r ema i n i n g  f r a c t i on  i s  c omposed  o f  l a p i l l i  o f  
p ink i sh -g ray  to red  fe ls i t e  and  g ray  pe r l i t e ;  c rys ta l s  o f  f e ldspa r ,  qua r t z ,  and  b io t i t e ;  
and  loca l  b l ocks  o f  vo l can i c  g las s .  The  degree  o f  i ndura t ion  r anges  f rom weak  to  
modera te ,  
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and the poros ity is  h igh. Bedding is  genera l ly poor , ow ing to poor  sor t ing, but local  
in te rva ls  are su f f i c i en t ly  we l l  bedded  to pe rm it  accurate  measurement of  a t t i tudes .  

Pervas i ve  a l tera t i on  has  a f fec ted  mos t  of  the pumice  and some o f  the nonves icu lar  
g l a s s  f r agmen t s .  Pum i c e  f r agmen t s  i n  a  t h i n  z one  a t  t he  ba s a l  c on t a c t  w i t h  t he  pe r l i t e  
have  been  rep laced a lmos t  to ta l l y  by  coa r se l y  c rys ta l l i ne  ca lc i t e ,  c l eavage faces  o f  wh i ch 
extend ent i r e l y  ac ross  ind i v idua l  l ap i l l i ,  some o f  the l a t ter  be ing  more than  1  inch ac ross .  
Fe l s i t e  f r agments  rema in  una l te red .  Upward in  the sequence ,  l oca l  a l t era t i on  and  l each ing 
have  conve r ted  the  pumic e  f ragments  to  a  s o f t ,  pa l e - tan ,  v e ry  f i n e -g ra ined  c r ys ta l l i n e  
aggregate, and have increased poros ity by remova l of the cores of the fragments. Adjacent 
f ragments  are pa r t ia l l y  cemented toge ther  by interg ranu la r  seams of  opa l  and cha l cedony.  

Lower Vitrophyre (Tv 1) 

A  f l ow  o f  c onsp i c uous l y  po rphy r i t i c  g l a s s  f o rms  a  na r r ow  band  o f  ou t c r op ,  
inter rupted by several  covered interva ls ,  extend ing across  most of the mapped area.  The 
lower  l im i t  has  been d rawn at  the  contac t  o f  b locky v i t rophyre f l ow ( ?)  b recc ia  w i th 
under l y ing pumiceous  lap i l l i  tu f f .  Lenses  o f  tu f f  a re  a l so  presen t  i n  the  l ower  por t i on 
o f  t he  v i t r ophy re  i n  the  canyon  nea r  the  nor the rn  marg in  o f  t he  map .  The  upper  l im i t  i s  
the  contac t  be tween v i t r ophyre  and  an  ove r l y ing  l i t ho ida l  rh yo l i t e  f l ow .  The  v i t rophyr e  
and  over l y ing rhyo l i t e  p robab ly  represent  on ly  tex tura l  va r ian t s  o f  the same lava .  Appar-
en t  th i cknesses  range f rom about  35  f t ,  in  the p lane of  the c ross -sec t ion,  to  about  75  f t ,  
a  thousand feet  to  the nor th.  At t i tudes  are obscure throughout  most  of  the outc rop,  but  
the preva i l i ng d ip  appears  to be eas tward at  l ow ang les .  Near  the nor thern t ip  o f  the 
mapped outc rop,  s t rong,  regu lar  f low bands d ip  s teep ly  nor th-nor thwestward. 

The  v i t r ophy r e  i s  l a r ge l y  mas s i v e  above  t he  ba s a l  b r e c c i a ,  bu t  z one s  o f  p l ana r  
f l ow  band ing  a re  l oca l l y  p resent .  In  the nor the rn  mapped segment ,  par t ing  p lanes  pa ra l l e l  
to  f l ow bands have resu l ted in  a  bedded appearance of  weathe red  outc rops .  

Abundant  phenoc rys t s  o f  wh i te ,  g las sy p lag ioc la se ,  and  l es s  abundant  euhedra l  
p l a t e s  o f  b i o t i t e ,  a r e  s e t  i n  a  ma t r i x  o f  d a r k - c o l o r e d  g l a s s .  Mo s t  o f  t h e  p l ag i o c l a s e  
c rys ta ls  range f rom 1  to 3  mm in length,  but  a  few reach a max imum of  6  mm. The g lass  
r ange s  i n  c o l o r  f r om  da r k  g r a y  t o  b l a c k ,  and  g r a y i s h -b r own  t o  da r k  r ed .  B l o c k s  and  
smal le r  f ragments  o f  assor ted co lo rs  are in te rming led  in  the basa l  brecc ia  zone.  some 
f ragments  con ta in co res  o f  d i f f e ren t  co lor  f rom the r ims .  A tendency toward p i tchy  lus te r  
i s  most pronounced in  red and b lack var ie t ies . Crushed f ragments of  the b lack var ie ty  in 
immers ion o i ls  are a c lear,  smoky brown by transmit ted l ight , and have a mean index of  
r e f ra c t i on  o f  1 .503 .  F i ne -g r a i ned  pe r l i t i c  s t r uc t u re  i s  l o ca l l y  p r om inen t .  

The  anhydrous  compos i t i on  o f  the v i t rophyre  shou ld  be  equ iva len t  to  tha t  o f  the  

m idd le  rhyo l i t e ,  i nasmuch as  the two rocks  a re on ly  tex tu ra l  va r i an ts  o f  a  s ing le  e rup t i ve  
un i t .  There fo re ,  the  ad jus ted  s i l i c a  conten t  o f  74 .5  to  75 .0  pe rcent  i n  the  m idd le  rhyo l i t e  

( see fo l l ow ing sec t ion of  text)  i s  assumed to be  equa l l y  app l icab le  to the  l ower  v i t rophyre.  
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Middle Rhyolite (Tr2) 

A f low of  porphyr i t i c  rhyo l i te  d i r ec t l y  ove r l y ing the lower  v i t rophyre  forms  
res is tant outcrops in  the nor thern,  centra l ,  and southern port ions of the mapped area, 
The lower  contac t  w i th v i t rophyre i s  we l l  exposed ,  bu t  the  upper  contac t  w i th pumiceous  
tu f f  i s  l a rge l y  cove red ,  ex cep t  a t  the  nor the rn  t i p  o f  the  a r ea .  The  southe rn  segment  
appears  t o  d ip  gent l y  eas tward ,  whereas  i t  i s  nea r l y  hor i zon ta l  i n  the  cen t ra l  segment ,  
and inc l ined s teeply nor thwestward on the nor th. The apparent  th ickness ranges approx i-
mate l y  f r om 0  to  260  f t .  Ab rup t  th i nn i ng  o f  the  rhyo l i t e  a t  the  head  o f  t he  ma i n  canyon 
on  t he  nor t h  may  be  asc r i bed  to  in i t i a l  t h inn ing  ove r  the  l ower  v i t rophyre ,  the  con tac t  
w i th wh ich d ips  s teep ly  southward ,  or  to  a  nor thwestward t rend ing fau l t  pass ing through 
t h e  c ov e r ed  i n t e r va l  b e tw ee n  t h e  t u f f  a nd  t he  r h y o l i t e .  P o s i t i v e  e v i d e nc e  o f  f a u l t i n g  
was no t  obse rved;  hence in i t i a l  th inn ing  was probab ly  respons ib le .  

The  rhyo l i t e  i s  l a rge l y  a  mass i ve  p r ophy r i t i c  aphan i t e ,  w i th  l oca l  zones  o f  p r o-
nounced  f l ow  band i ng ,  Phenoc r y s t s  o f  abundan t  wh i t e  p l ag i o c l a s e ,  m ino r  b i o t i t e ,  and  
rare quartz  are set  in a brownish-gray, purp l ish-gray, and reddish-brown cryptocrys ta l l ine 
matr ix .  Weathered sur faces are buf f  or  p ink ish brown to redd ish brown.  The phenocrys ts  
appe a r  i d e n t i c a l  w i t h  t h o s e  i n  t he  l owe r  v i t r op hy r e ,  b u t  c o ns t i t u t e  a  m o re  v a r i a b l e  
p r opo r t i on  o f  t he  rhyo l i t e .  Sma l l  i r r egu l a r  v es i c l e s ,  p a r t i a l l y  l i n ed  w i t h  m inu t e  qua r t z  
c rys ta ls  and opa l ,  are  commonly present .  

In thinsect ion, the rock is  microspheru l i t ic  and porphyr it ic ,  with f low-banded 
s t ruc tu re .  The  mode  o f  a  typ i ca l  spec imen is  as  fo l l ows:  

Phenocrysts 
          o l igoc lase (Ab 8 1)  8 .43  vo lume percen t  

             biotite 1.62        "               " 

             magnetite                                      0 . 6 4     "              " 
In ves ic les 
          quartz and opal                    2 . 2 6     "         " 
Matrix                                                        8 7 . 0 5    "             " 

                                                                100.00      "              " 

O l igoc lase occurs as  euhedra l  to  anhedra l  gra ins  and c lus ters ,  in  which ind iv idua l  
g ra ins  range  f rom 0 .03  to  2 .2 ,  mm long ,  P rog r ess i v e  zon ing ,  Ca r l sbad  tw i nn i ng ,  pa r t i a l  
a lb i te  tw inn ing ,  and  ra re  pe r i c l i ne tw inn ing  a re  p resen t .  Many  o f  the  l a rge r  gra ins  a re  
in te rg rown and  show mot t l ed  ex t inc t i on .  A  s i eve  s t ruc tu re ,  w i th mat r ix  i nc lus ions ,  and  
modera te cor ros ion  o f  c rys ta l  bo rde rs  by the  mat r i x  are  common.  Apa t i t e  i s  spa rse ,  and  
b i o t i t e  r a r e ,  a s  p o i k i l i t i c  i n c l u s i o n s  i n  o l i g o c l a s e .  M o s t  o f  t h e  b i o t i t e  i s  p r e s e n t  a s  
euhed ra l  p l a t es  and  c o r r oded ,  f r a yed  pa r t i c l e s  rang i ng  f r om  0 .06  to  1 .2  mm ac r oss .  
P leochro ism is  pa le  ye l low i sh brown to brown ish o l i ve  and dark green i sh b lack.  Inc luded  
g ra ins  o f  apa t i t e  and  magnet i t e  a re  spa r se .  Ves i c l e s  a re  l i ned  o r  f i l l e d  w i th  qua r t z  and  
minor  amounts  of  opa l .  The matr ix  cons is ts  la rge ly  of  mic rospheru les  rang ing f rom 0 .01 to 
0 . 0 5  mm i n  d i a me te r .  C r y s t a l l i t e s  a r e  ab un da n t .  C r ude ,  sw o r l ed  f l ow  b an d i n g  r e su l t s  
f rom a l i nement o f  phenocrys ts  and seg regat ion of  c rys ta l l i t es ,  
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Powdered samples of two specimens of the middle rhyolite were fused in a carbon 
arc according to the pr inc iples out l ined by Mathews (1951). Mean indices of refract ion 
(1.513 and 1.515) of the resultant glasses indicate approximate s i l ica contents of 69.0 
percen t  and 68 .5  percen t ,  when  p lo t ted  on  a  cu rve  fo r  New Mex ico  vo lcan i c  rocks  
compiled by M. S. Sun. Indices of refraction of fused samples of the lower rhyolite and 
per l i te ind icated s i l ica contents 6.3 percent and 5.4 percent below those found in the 
chemical analyses. This may be due to the fact that the master curve was based largely 
on analyses of volcanic rocks of ear ly to middle Tert iary age, whereas the volcanic rocks 
at the Stendel deposit are bel ieved to belong to a younger assemblage of late Tertiary 
to early Quaternary age. The discrepancies c ited should not be interpreted as representa-
t ive of inherent inaccuracies of the method. A corresponding adjustment of plus 6 percent 
in the ind icated s i l ica contents  of the middle rhyo l ite resu lts  in cor rected va lues of 74.5 
to 75.0 percent s i l ica. The rock has accordingly been c lassif ied as a rhyol ite despite the 
paucity of quartz and apparent absence of potash feldspar in the phenocryst fraction. A 
chemica l  ana lys is  m ight ,  however ,  reveal  a  compos i t ion more  character is t ic  o f  quar tz  
lat ite than of rhyol ite. 

Middle Vitrophyre (Tv2) 

In the central portion of the mapped area, a small body of vitrophyre occupies an 
intermediate strat igraphic posit ion between the middle rhyol ite and the upper tuff . The 
outcrop pattern indicates that it has a lenticular cross-section in a north-south direction, 
w ith  an apparent range in th ickness of  0-75 ft .  Lower and upper contacts are concealed 
by s lope wash and ta lus; hence margina l re lat ionships are indeterminate. It  appears  
probable, however, that the mass originated as a narrow tonguelike flow, elongated in an 
approximate east-west direct ion, in a trough in the upper surface of the middle rhyol ite. 

The middle vitrophyre consists of black to red pitchy porphyr it ic glass l i thologi-
cally similar to the lower vitrophyre. 

Upper Tuff (Tt2) 

Most  o f  the s t rat igraph ic  in terva l  between  the  middle rhyo l i t e ,  or  m iddle v i t ro-
phyre, and the upper vitrophyre is screened by talus and slope wash from the higher cl iffs. 
Severa l  sma l l  outcrops ind icate ,  however ,  that  th is  in terva l  is  occupied  by pumiceous 
lap i l l i  tuf f  and ash. The basal  contact  w ith the middle rhyo l ite is  poor ly exposed at  the 
northern margin of  the area. The upper  contact w ith  over lying upper v itrophyre was seen 
on ly  in a smal l  outcrop in the head of the main canyon in the northern portion of the area, 
where it  is marked by a sharply defined interface between tuff and vitrophyre. Total thick-
nesses probably range from approximately 60 ft, in the north, to 30 or 35 ft , in the south. 

Exposed segments of the sequence reveal several lithologic variations. The north-
ernmost segment is a wel l- indurated lapi l l i  tuf f  composed of fragments of pale yel lowish-
gray, altered pumiceous glass and gray to red felsite. Crudely bedded tuff containing small  
lap i l l i  of  pa le-gray to  white pumice, sparse pale-gray per l i te,  and gray to red fe ls i te,  in 
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a matrix of gray-buff ash, is exposed in the next outcrop to the south. Just below the upper 
contact with vitrophyre is a zone composed of pinkish-gray to grayish-red vitric ash containing 
angular fragments and thin sheets of dark gray perlitic vitrophyre and sparse felsite fragments. 

Upper Vitrophyre (Tv3) 

A tabular vitrophyre flow forms a narrow, nearly continuous band of outcrop at the base 
of the cliff of upper rhyolite near the eastern margin of the mapped area. The basal contact with 
underlying upper tuff is sharp and distinct in the one small outcrop in which it is exposed. The 
upper contact with overlying upper rhyolite is locally less well defined, owing to 
interlayering of thin sheets of vitrophyre and lithoidal rhyolite in the upper portion of the 
vitrophyre, and the presence of a-nodular zone at the base of the rhyolite, in which nodules 
and blocks of vitrophyre are intermingled with vesicular rhyolite. Observed thicknesses range 
approximately from 40 to 60 ft. 

The upper vitrophyre is lithologically very similar to the previously described lower 
vitrophyre. Further similarities are to be noted in its spatial relationships with an over- 

lying flow of lithoidal rhyolite. Abundant phenocrysts of white plagioclase, minor quantities 
of hornblende and green biotite, and rare grains of quartz are set in a matrix of pale-gray 

to black glass that locally has a fine-grained, highly perlitic structure. Planar to 
convolute flow bands of contrasting shades of gray and black are commonly present in the basal 
portion. 

In thinsection, the rock is vitrophyric, has a flow-banded structure, and yields the 
following mode: 

Phenocrysts 
 Plagioclase   12.07   volume       percent 
 Biotite    0.94 “      “ 
 Hornblende   1.98 “      “ 
 Magnetite   0.65 “      “ 
Matrix (glass)    84.36 “      “ 
     100.00 “                 “ 
Most of the phenocrysts are perfectly euhedral and show less tendency to form clusters 

than in previously described units. Plagioclase is present in grains ranging from about 0.04 to 
2.5 mm across, with a majority about 0.4 mm, showing Carlsbad, partial albite, and sparse pericline 
twinning. Progressive zoning is prominent in many grains. Abundant inclusions 

of glass are a common feature. Some of the larger grains contain segments that show 
mottled and undulatory extinction. Indices of refraction of crushed fragments indicate a composition 
ranging from median oligoclase to calcic andesine (A677-52). Pale yellowish-green.to dark brownish-
green biotite occurs as euhedra 0.08-0.06 mm across, some of which contain inclusions of apatite. 
Pale-olive to brownish-olive hornblende occurs as euhedral prisms up to 1 mm in length. Sparse 
magnetite and a single rounded grain of quartz constitute the remaining phenocryst fraction. The 
matrix consists of nearly colorless glass, with a mean 
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index of refraction of about 1.502. A f lu idal banded structure is formed by segregat ion 
and al inement of trains of belonites. 

The anhydrous composit ion is assumed to be equivalent to that of the upper rhyolite, 
for  which "fus ion ind ices" ind icate an adjusted s i l ica content  of 73 percent . 

Upper Rhyolite (Tr3) 

The uppermost unit  of  the volcanic sequence consists of  a c l i f f - forming, largely 
lithoidal, porphyritic f low that forms the caprock of the ridge at the eastern margin of the 
mapped area. It  directly overlies the upper vitrophyre along a s lightly undulatory contact 
between rocks, below, that are predominant ly vitrophyr ic and a nodular zone of mixed 
lithic and vitr ic phases, above. 

The mass as a whole appears to dip generally eastward to northeastward at moderate 
angles, although local att i tudes of f low bands show a wide range of var iat ion. Only those 
att i tudes representat ive of  major segments  of the upper  rhyol ite in  the mapped area are 
shown in  Plate 1 . The northern segment  of the mass is  marked by syncl ina l opposi t ion of  
f low s t ructures ,  the  ax is  o f  wh ich t rends nor theast .  Axes  o f  smal ler  f low fo lds  have a  
similar orientat ion. The bases of some flow layers in the lower portion of the rhyolite bear 
distinctive corrugations, the axes of which str ike and plunge east-northeast in the southern 
portion of the mass, and northeast in the northern portion. These are clearly pr imary f low 
structures . Their  or ientat ion undoubtedly was determined by the d irect ion of  f low of  the 
rhyo l i t e lava ,  but  the re la t ionsh ip is  not  c lear .  The genera l  para l l e l i sm in  or ientat ion o f  
the axes of corrugat ions and f low fo lds suggests that the f low in th is area advanced in a 
direct ion normal to that del ineated by the axes . 

The original thickness of the upper rhyolite, before stripping of the upper surface by 
erosion, is  unknown. The maximum remaining thickness is about 180 ft . 

The prevai l ing rock type is  a p ink ish-  to  purp l ish-gray porphyr i t ic  aphan i te that  
weathers reddish brown. The lower and upper port ions commonly are marked by prominent 
f low banding that  leads to f laggy weather ing. Inter layer ing of  vi tr ic  and L ith ic bands is  
common in  the lower  one-th i rd o f  the un it .  The centra l  port ion is  largely massive. E l l ips-
oidal gas cavit ies up to several inches across are local ly conspicuous. Phenocrysts of glassy 
white plagioclase, biot ite, and hornblende are general ly less conspicuous and smaller ( less 
than 1 mm) than those of the middle and lower rhyolites. 

In thinsection, the rock is cryptocrystalline to vitric, porphyritic, and slightly 
vesicular. The mode of a specimen about 30 ft  above the base is as fo l lows: 

Phenocrysts 
plagioclase 9.84 volume percent 
biotite 1.21      "              " 
hornblende                                                   1.80      "              " 
magnetite                                                     trace
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In vesicles 
       opal, minor quartz 2.61 volume percent 
Matrix                                                           8 4 . 5 4     "          " 

                                                                   100.00        "               " 

Phenocrysts are almost ident ical with those of the under lying upper v itrophyre, except for a 
greater  tendency to  form c lusters  and the h igher  frequency of  angu lar  gra ins in  the rhyo l i te.  The 
p lag ioc lase, accord ingly,  is  assumed to  have a range of  compos it ion s imi lar  to  that in  the 
v i trophyre (Ab77- 52) .  B iot ite shows the effects  of  oxidat ion, with  the development of pleochroism in 
shades of pale yel lowish orange, dark o l ive brown, and red brown.  Hornb lende a l so  shows  var iab le  
ox idat ion  to  a  var ie ty  near  oxyhornb lende,  in  which pleochroism ranges from brownish yel low to 
dark red, and the ext inct ion angle of pr ismat ic sect ions of some grains approaches zero. Most 
hornblende grains bear an alteration rim of opaque iron oxides; smal ler crystal c lusters are 
completely altered to opaque aggregates . Smal l ,  i r regular  ves ic les are l ined or f i l led with opal  and 
minor quartz . The matr ix consists largely of glass heavi ly clouded with crystal l ites that inc lude dusty 
aggregates, globulites, and belonites. Bands and patches of cryptocrystalline to microcrystalline 
aggregates  show genera l  a l inement  with  a crude p lanar  f low s tructure. The matr ix  o f  specimens 
higher in the section is wholly cryptocrystall ine to microcrystalline. 

The mean index of refract ion of  the synthet ic glassy fus ion product of  the upper rhyolite is 
1.516, from which an adjusted sil ica content of 74 percent is inferred. The rock, accordingly,  is  
c lass i f ied as  a rhyo l ite,  a lthough the observed features  a lso  character ize quartz  lat ite. 

Co l l uv ium (Qc)  

S lopes below the upper rhyol ite are part ially mant led with th in accumulat ions of 
unconsol idated detr itus, which consists largely of slope wash and talus. Most of th is mater ia l s tems 
from c l i f f  fal ls  f rom the upper  rhyol ite and the v itrophyres .  Severa l smal l  areas at  the western 
margin  o f  the  mapped area are veneered w ith  und i f ferent iated  upland al luvial gravels composed 
of a var iety of volcanic rock fragments that are foreign to the sequence discussed herein, 

PERLITE EXPANSION TESTS  

A grab sample of perl ite from the location pit at the northern end of the deposit  
was subjected to thermal expansion tests to determine its suitability for the commercial 
production of l ightweight aggregate. The tests were performed by Donn M. Clippinger, 
using the facilit ies of the Southwest Experiment Station of the U. S. Bureau of Mines, at 
Tucson, Ar izona. 

The test procedures were those established by the U. S. Bureau of Mines. Pit-run 
perlite was crushed with rolls to pass a 10-mesh screen. Seven 25- to 30-gram splits  



*By Donn M. Clippinger. 

TABLE  2 .  EXPANS ION TESTS  OF  STENDEL  PERLITE .*  

Furnace Tests of -10-mesh - +20-mesh Crude Peri ite 
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77.4 5.4 1100 7 white, mottled 
with Cream  

very coarse sat isfactory 400 10 min. 3.49 4.5  

77.4 10.2 1000 26 do. very coarse decrepitated 700 12 sec. --- 10.1 

77.4 10.2 1100 14 do. very coarse sat isfactory 450 10 min. 3.53 202 

77.4 11.7 1050 8 do. very coarse sat isfactory 600 10 min. 1.32 2.5 

77.4 12.0 1050 5 do. very coarse exploded none none 4.62 41.2 

77.4 18.2 925 20 
do. very coarse decrepitated none none 4.62 17.1 

77.4 27.5 1000 25 
gray, mottled 
with cream medium 

satisfactory 
450 10 min. 3.65 2.9 

 
S ink-f loat  tests  us ing -20-mesh - +100-mesh crude preheated 10 min at  425 °C to water  content  of 3 .13% gave the 
fo l lowing results: Bulk weight, crude, 76.3 lb/cu ft; bulkweight, expanded, 5.5 lb/cu ft; furnace temperature, 1100°C; 
retent ion t ime, 4 sec; s ink fract ion, 12.5%, by weight. 

Propert ies of  crude per l i te:  Co lor , pale gray; densi ty,  149.8 lb/cu ft;  speci f ic  grav ity,  2 .4; to ta l  ign it ion loss ,  4 .62%; 
-H2O content , 0 .46



the minus-10-mesh -  p lus-20-mesh fract ion were expanded in a 1- inch Hastel loy-tube, 
vibrator-actuated electr ic furnace, at temperature steps ranging from 925°C to 1100°C. 
Several lots were given a preheat ing treatment in a muff le furnace, to reduce the degree 
of decrepitat ion dur ing expansion. Bulk weights in a state of loose packing were obtained 
by pour ing the aggregates carefully into a graduated cyl inder. Expanded products were 
fract ionated by s ink-f loat in water, to separate expanded and unexpanded fract ions. The 
results of these tests are shown in Table 2. 

On the basis of  these laboratory tests, which can be considered as only 
prel iminary, i t  i s  conc luded that  the  Stende l  per l i t e  is  capab le o f  y ie ld ing a commerc ia l -
grade l ightweight  aggregate when expanded by appropr iate methods. Decrepitat ion 
propert ies  ind icate the need for preheat ing treatment, to minimize the product ion of f ines 
dur ing expansion. I t  is  poss ib le that  a reduct ion in  the coarseness  o f  the ce l lu lar  texture 
o f  the expanded product might result from different preheating and/or expansion treatment 
than that used in these tests. The product ion of an appreciable percentage of unexpanded 
part ic les is  inevitable, owing to the abundance of phenocrysts in al l  port ions of the 
deposit . The proport ion of a ltered glass  and spherul i tes in  the crude feed wi l l  be 
ref lected in  a further increase in the percentage of unexpanded partic les in the 
unclass if ied product. 

COMMERCIAL POSSIBILITIES  

The deposit has been opened by only a few shallow prospect pits and trenches, but 
outcrop exposures are suff iciently continuous across both the lateral and vertical extent to 
permit a reasonably accurate appraisal of its commercial possibil it ies. Mining by open-pit  
methods is feasible in a tract 300-350 ft  wide, with a l inear extent of  over one-half  mile. 
Except for local shal low patches of s lope wash and talus, no overburden wil l  have to be 
str ipped west of  the contact  of  the per l i te with over ly ing tuffs .  Access  to  the deposit  can 
be faci l i tated readi ly  by improvement of the exist ing dir t  road. 

As  ment ioned in  the preceding sect ion, the per l i te shows moderate ly favorable 
response to conventional laboratory expansion tests. Additional tests on a laboratory scale, 
fo l lowed by test ing on a pi lot-mil l  scale, are essent ia l , however.  

Several types of impur ity must be reckoned with in any considerat ion of the com-
merc ia l  explo itat ion of  th is  depos it . Nonexpans ib le phenocrysts const itute approx imately 
11-14  percent ,  by  vo lume,  o f  the  p i t - run  rock .  Addi t iona l  nonexpans ib le  mater ia ls  in  
altered and spherulit ic zones make 76 percent of the mapped area of the deposit unsuitable 
for  use. The shape and d istr ibut ion of  these zones (p late 2) wi l l  requ ire se lect ive mining 
of the per l i te, i f  excess ive di lut ion by nonexpansible mater ial is  to be avoided. 

OWNERSHIP 

An unpatented p lacer  m in ing c la im of  120  acres  covers  the NE¼SW¼, and the 

W½SE½ of sec. 14, To-3 S., R. 4 W. Designated as the Perlite c laim, it is held by Mr. Roy 
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Stendel, of  Socorro, New Mexico. The S½S¼ of sec. 14, and the E½W½ sec. 23, T. 3 S ., 
R. 4 W., are reported to be patented homestead lands. 
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