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A S B E S T O S  IN TH E A L L A M Q O R E  T A L C  D IST R IC T ,

H U D SPE T H  AND C U L B E R S O N  CO U N TIES, T E X A S 

R . G. R oh rb ach er^

INTRODUCTION

The A l la m o o re  d i s t r i c t  o f  H udspeth  and C u lb erso n  co u n tie s ,  T e x a s  h as  b ecom e  

one of the m o s t  s ign if ica n t  ta lc -p ro d u c in g  a r e a s  of the United S ta te s .  E x p lo ita t ion  

of ta lc  d e p o s it s  in the d i s t r ic t  began  in 1952 with a  cum ulative  production  of 120, 000 

tons through 1957 (F law n, 1958). With continued growth, annual production  e x ceed ed  

160 ,000  tons in 1968, m ak ing  the d i s t r ic t  second  only to New Y ork  S ta te  in national 

output. M o d e ra te -  to l a r g e - s i z e d  d e p o s it s  have been developed  with n e a r - s u r f a c e  

p a r t s  in ex pen sive ly  e x tra c te d .  T a lc  r e s e r v e s  a r e  e s t im a te d  in the tens of m il l io n s  

o f  tons.

L o n g - f ib e r  a s b e s t o s  w a s  f i r s t  found in a s s o c ia t io n  with talc  d e p o s it s  o f  the 

A l la m o o r e  d i s t r i c t  in I960 during e x p lo ra to ry  d r i l l in g  of what b e c a m e  the B uck  

c la im .  S m a l l  am ounts of a s b e s t o s  w e re  noted in su b seq u en t deve lopm ent o f  this 

l a r g e  talc  d ep o sit .  L a t e r ,  s m a l l  am ounts of white a s b e s to s  w e re  encountered  in 

the T. & P. No. 1 m ine and recen tly  a t  the N eal-M ann  p r o s p e c t  (fig. 1). E a r ly  in 

1971, A lb e r t  G re g o r y  of Van Horn, T e x a s ,  d i s c o v e r e d  an a s b e s t o s  d e p o s it  now 

known a s  the Diablo p r o sp e c t .  Subsequently , the Van Horn Soapston e  and T a lc  

C o rp o ra t io n  w as  fo rm e d  and p r e l im in a r y  e x p lo ra to ry  w ork  a t  the p r o s p e c t  ind i­

c a te d  the p o s s ib le  p r e s e n c e  of c o m m e r c ia l ly  exp lo itab le  am ounts of a s b e s t o s .

19871 M cK ean  R oad , San J o s e ,  C a l i fo rn ia  95120.
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T h is  evaluation  of a s b e s t o s  d e p o s it s  i s  b a s e d  on a c u r r e n t  study of the s t r a ­

t ig rap h y , s t r u c tu r e ,  and m in e r a l  d e p o s it s  o f the ta lc  d i s t r ic t .  A subsequent re p o r t  

w ill  d e ta i l  the m in e ra lo g y  of m e ta so m a t ic  ro c k s  of the d i s t r ic t ,  including talc and 

a s b e s t o s  d e p o s i t s ,  and w ill  p r e se n t  a  g e o c h e m ic a l  m odel fo r  the ir  o r ig in .

GEO LO GY 

R eg io n a l  Setting

T a lc  and a s s o c i a t e d  a s b e s t o s  o c c u r  in P r e c a m b r ia n  ro c k s  in a  d e fo rm ed  belt  

p re v io u s ly  d e s c r ib e d  by King and F law n  (1953) and P. B . King (1965).

F r o m  north  to south, the gently dipping but stro n g ly  jo in ted  san dston e  and 

c o n g lo m e ra te  of the H aze l F o r m a t io n  change within s e v e r a l  m i le s  into a s e v e r e ly  

d e fo rm e d  m ix tu re  of H aze l  F o r m a t io n  and the ca rb o n ate  and vo lcan ic  ro c k s  of the 

A l la m o o r e  F o r m a t io n  (fig. 1). A djo in ing on the south a r e  the m e ta se d im e n ta r y  

and m eta ig n eo u s  r o c k s  of the C a r r i z o  M ountain Group.

The ro c k s  of th ese  three  d iv is io n s  g rad e  f ro m  p ra c t ic a l ly  u n m etam orp h o sed  

in the n orth ern  p a r t  to g r e e n s c h i s t  and am phibolite  f a c ie s  in the southern  p art .  

M e ta m o rp h ism  of the ce n tra l  d iv is io n  w as  m o st ly  dynam ic , with v a r ie d  d e g r e e s  

of r e c r y s t a l l i z a t io n  and m e ta s o m a t i s m  taking p lac e  p r im a r i ly  in ca rb o n a te  r o c k s .

M in e ra l  a s s o c ia t io n s  in the c e n tr a l  d iv is io n  s u g g e s t  that m e ta m o rp h ic  g rad e  

i n c r e a s e s  southw ard , re p re se n t in g  p r e s s u r e - t e m p e r a t u r e  conditions equivalent to 

both zeo lite  and g r e e n s c h i s t  f a c i e s .  T h ere  a r e  m in o r  o c c u r r e n c e s  of A l la m o o r e -  

type c a rb o n a te  r o c k s ,  so m e  o f  which a r e  a l t e r e d  to ta lc ,  in the C a r r i z o  Mountain 

G roup. The ca rb o n ate  ro c k s  m ay  have been o r ig in a l ly  inter s t r a t i f ie d  with the 

C a r r i z o  Mountain se d im e n ta ry  r o c k s .
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A lla m o o r e  D is t r ic t

The ta lc  d i s t r ic t  includes an a r e a  about 20 m i le s  long in an N W -SE. d irec t io n , 

and about 5 m i le s  w ide in an N E-SW . d irection .

The s t r a t ig r a p h ic  and s t r u c tu r a l  r e la t io n sh ip s  between the A l la m o o re  and 

H aze l  F o r m a t io n s  a r e  co m p lex . It w as  p re v io u s ly  su g g e s te d  that the H aze l  F o r m a ­

tion, with its  c o n g lo m e ra t ic  portion  d e r iv e d  f r o m  A lla m o o re  r o c k s ,  w as  tec to n i­

c a l ly  m ix e d  with the A l la m o o re  F o r m a t io n  in a c o m p le x  s t ru c tu re  of fo ld s  and 

th ru s t s  (K ing, in King and F law n , 1953). H ow ever , rem ap p in g  in the d i s t r ic t  

s u g g e s t s  that the two fo rm a tio n s  w e re  o r ig in a l ly  in terbedded  and that the ro c k s  

constitu te  a s in g le  fo rm atio n . In this tentative  in te rp re ta t io n , the d i s t r ic t  is 

viewed a s  an upside-dow n  sequ en ce  that is  of g e n e ra l  h om oclin a l fo rm  and that 

includes  fo ld s  and fa u lt s .

The c a rb o n a te  ro c k s  c o m p r i s e  l im e sto n e  and do lom ite  in v ary in g  p ro p o r t io n s .  

L a y e r s  with a  high ra tio  of do lom ite  to c a lc i t e  contain  the m o s t  ch e r t ;  v e r t ic a l  and 

l a t e r a l  se d im e n ta ry  f a c ie s  ch an ges  in ca rb o n a te  and c h e r t  l a y e r s  o c c u r  o v e r  sh ort  

d i s ta n c e s .

V olcan ic  r o c k s  include m afic  flow s and p y r o c la s t i c  and v o lc a n ic la s t ic  types. 

M afic  flows now d ire c t ly  a s s o c i a t e d  with other vo lcan ic  ro c k s  cannot a lw ay s  be 

d is t in gu ish e d  f r o m  d ia b a se  s i l l s .  A lte ra t io n  of m afic  ro c k s  is  in tense ; a l te ra t io n  

pro d u cts  include c h lo r ite ,  m ic a ,  c a lc i t e ,  d o lom ite , h em a tite ,  and epidote.

T a lc  D e p o s its

T a lc o s e  ro c k s  include ta lc  (or  ta lc  rock) and ta lc - c a r b o n a te  rock . T a lc  rock  

contain s l e s s  than 20 p e rc e n t  ca rb o n a te  m in e r a l s ;  t a lc - c a r b o n a te  ro ck s  contain  

m o r e  than 20 p e rc e n t  ca rb o n ate  m in e r a l s .  T h is  d iv is io n  roughly s e p a r a te s  

c o m m e r c ia l  (talc rock) f ro m  n o n c o m m e rc ia l  ( ta lc -c a rb o n a te )  m a te r ia l .
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D e p o s it s  range  f ro m  t a lc o s e  s t r e a k s  to zones of t a lc o se  ro c k s  up to 600 fee t  

w ide and a  m ile  long. M o st  a r e  s teep ly  inclined l e n s - s h a p e d  o r  tab u la r  b o d ie s .  

Som e have been contorted  o r  d e fo rm e d  into i s o c l in a l  fo ld s  with a d ja ce n t  ca rb o n a te  

and m a fic  r o c k s .

M in e r a l s  o f t a lc o s e  ro c k s  a r e  m o s t ly  ta lc  and do lom ite , with so m e  d e p o s it s  

contain ing both dolom ite  and c a lc i t e ,  o r  r a r e ly  do lom ite  and m a g n e s i te .  S m a ll  

am ounts  o f  q u artz  a r e  w id e sp re a d .  A m phibole  and p oorly  to w e l l - c r y s t a l l i z e d  

la y e r  s i l i c a t e s  o c c u r  in v ary in g  but g e n e ra l ly  m in o r  quantitie s .

R e l ic t  se d im e n ta ry  fe a tu r e s  and incom plete  re p la c e m e n t  of so m e  l a y e r s  

c le a r ly  ind icate  that the t a lc o s e  ro c k s  w e re  o r ig in a l ly  ca rb o n ate  r o c k s .  Internal 

s t ru c tu re  of ta lc  bod ies  i s  com m only  m o r e  c o m p le x  than e x te rn a l  fo rm . The 

p u r e s t  ta lc  tends to be n e a r  the ce n te r  of t a lc o s e  u n its ,  with in c r e a s in g  am ounts 

o f  t a lc - c a r b o n a te  rock  and l a y e r s  of s l igh tly  a l t e r e d  and u n a lte re d  c a rb o n a te  rock  

and c h e rt  tow ard  the m a r g in s .

F o l ia t io n  i s  w ell  deve loped  in m any talc  d e p o s it s  and is  g e n e ra l ly  p a r a l l e l  to 

o r ig in a l  bedding of the h ost  rock . W h ereas  ta lc  w as  d e fo rm e d  la r g e ly  by sh e a r  

fo lding and d if fe re n t ia l  m ov em en t along fo lia tion  p la n e s ,  m any included l a y e r s  of 

ca rb o n ate  ro ck  and c h e r t  w e re  fo lded  and broken  into se g m e n ts  that w e re  tec to n i­

c a l ly  s e p a r a te d  in the ta lc .  The s y s te m a t ic  re g io n a l  change o f  m e ta m o rp h ic  g ra d e ,  

toge th er  with the fo lia tion  of m uch  of the t a lc o s e  ro c k  and the lineation  o f  a m p h i­

b o le s  in a s s o c i a t e d  ro c k s  d e s c r ib e d  below , s u g g e s t  that h y d ro th erm al m e ta m o rp h ­

i s m  w a s  syntecton ic .

A lte r e d  d ia b a se  o c c u r s  a d ja c e n t  to o r  in the v ic in ity  of talc  d e p o s it s  and m ay  

h ave  s e r v e d  a s  a  so u rc e  of h eat  in g en era tin g  the h y d ro th e rm al  so lu tion s which

se le c t iv e ly  r e a c te d  with f a v o ra b le  ca rb o n a te  l a y e r s .
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A S B E S T O S

N e a r ly  a l l  of the w o r ld 's  c o m m e r c ia l ly  valu ab le  a s b e s t o s  is  c h ry so t i le  and 

m o s t  o f  it o c c u r s  in se rp e n t in ize d  u lt r a m a f ic  igneous ro c k s .  A m phibole  a s b e s t o s  

is  found in a wide v ar ie ty  of igneous and m eta m o rp h ic  r o c k s ,  including se rp en t in ite ,  

c a rb o n a te  r o c k s ,  and iron  fo rm a tio n s .  Although its  sh a r e  of the c o m m e r c ia l  

m a r k e t  is  s m a l l  in c o m p a r i so n  to that o f  c h r y so t i le ,  am phibole  a s b e s t o s  h as  many 

u s e s .

The bundles o f long, d e l ica te  f ib e r s  of white a s b e s t o s  f ro m  the A l la m o o re  

d i s t r i c t  look very  m uch  like  c h r y so t i le ,  but x - r a y  d if fra c t io n  s tu d ie s  and c h e m ic a l  

a n a ly s e s  ind icate  that the a s b e s t o s  i s  an am phibole  type. In the d i s c u s s io n  that 

fo l lo w s , the o c c u r r e n c e  of am p h ib o le s  and am phibole  a s b e s t o s  is  c o n s id e re d  in 

d eta il  a p p ro p r ia te  to the p u rp o se  of this r e p o r t ,  which is  to b r ie f ly  d e s c r ib e  the 

o c c u r r e n c e  and geology  of the a s b e s t o s  a s  a  guide to fu rth er  p ro sp e c t in g .

B lue A m phibole  R ock

B lu e  a lk a l i  am phibole  and t re m o li te - a c t in o l i te  o c c u r  in ro c k s  within and n e a r  

ta lc  b o d ie s  in so m e  a r e a s .  The to ta l  am ount of ro c k  containing blue am phibole  is  

in s ig n if ican t  c o m p a re d  with that containing ta lc ;  blue am phibole  h a s  not been  noted 

a t  m any d e p o s it s .

The a lk a l i  am phibole  v a r ie s  f ro m  p ale  blue to b la c k ;  x - r a y  d if frac t io n  and 

o p t ic a l  study su g g e s t  that the am phib ole  m ay  be m a g n e s io r ie b e c k it e - r ie b e c k i t e  of 

d if fe r in g  c o m p o s it io n s .  A lb ite  and K - f e ld s p a r  a r e  ap p aren t ly  m o r e  abundant than 

the am p h ib o le s  but a r e  d iff icu lt  to re c o g n iz e  in the f ie ld  and m ay  be m is ta k e n  for  

ca rb o n ate  m in e r a l s ,  with which they a r e  in tergrow n. A s s o c ia t e d  m in e r a l s  that 

g e n e ra l ly  o c c u r  in t r a c e  o r  a c c e s s o r y  am ounts include a lk a l i  p y roxen e , m ic a ,
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c h lo r ite ,  t a lc ,  to u rm a lin e , ru t i le ,  p y r ite ,  h e m a tite ,  and m agn etite .  The su ite  of 

m in e r a l s  o c c u r s  in d if fe ren t  com b inations and p ro p o r t io n s ,  and no constituent, 

including blue am p h ib o le , is  a lw ay s  p re se n t .

A m p h ib o le s  v ary  in fo rm  fro m  f ib ro u s  to p r i s m a t i c  and a r e  contained  fo r  the 

m o s t  p a r t  in c a rb o n a te  r o c k s ;  so m e  thin l a y e r s  w e r e  p a r t ia l ly  and se le c t iv e ly  

m e ta so m a t iz e d  to blue am phibole  rock  fo r  tens o f  fee t .  H ow ever, patchy r e p l a c e ­

m en ts  and thin i r r e g u la r  ve in s  l a r g e ly  f i l led  with s l ip - f ib e r  blue am phibole  a r e  the 

ty p ica l  m o d e s  of o c c u rre n c e .

F ib r o u s  v a r ie t ie s  of m a g n e s io r ie b e c k it e - r ie b e c k i t e  a r e  known a s  c ro c id o l ite  

and have been  u se d  a s  a s b e s t o s .  H ow ever, the blue am phibole  in the A l la m o o re  

d i s t r i c t  h a s  only been  found in s m a l l  am ounts and g e n e ra l ly  m ix ed  with l a r g e  

quantities  o f  im p u r it ie s .

R ic h te r i t e - T a lc  Rock

The white f ib ro u s  am phibole  a s b e s t o s  p r e s e n t  in the Diablo p r o s p e c t  and 

a d ja c e n t  a r e a s  is  r ic h te r i te ,  a s  shown by its  c h e m ic a l  co m p o sit io n  (table) and 

v e r i f ie d  by c o m p a r i so n  of x - r a y  pow der d if frac t io n  p a ttern s  with the c a lc u la te d  

p attern  fo r  a  K - r ic h te r i t e  f ro m  w e s te rn  A u s t r a l i a  g iven  by B o r g  and Sm ith (1969). 

R ic h te r ite  m ay  be c o n s id e re d  the a lk a l i - r ic h  an alo g  of t r e m o l i te ,  and its  c o m p o ­

sition  r e g a r d e d  a s  the r e s u l t  o f  su bstitu ting  two a lk a l i  ions fo r  one of the two 

c a lc iu m  ions of t re m o lite .  Som e r ic h te r i te  con ta in s  s ig n if ic a n t  am ounts o f 

p o ta s s iu m , probab ly  ac co m m o d a te d  by the re la t iv e ly  l a r g e  A s t r u c tu r a l  s i te .

The 3. 54 p e rc e n t  K^O in the Diablo p r o s p e c t  am phibole  is  a h igher p e rc e n ta g e  

than m o s t  r i c h te r i t e s  contain. H ow ever, r i c h te r i t e s  f ro m  volcan ic  ro c k s  f r o m  

M u r c ia ,  Spain  and the L e u c ite  H il l s ,  W yoming (C a r m ic h a e l ,  1967), and f ro m
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W est K im b e r le y ,  w e s te rn  A u s t r a l i a  (P r id e r ,  1939) contain f ro m  4 . 4  to 6. 5 p e rce n t  

K 2O. Such high co n cen trat ion s  o f  p o ta s s iu m  m a y  r e p r e s e n t  co m p le te  fi l l in g  o f  the 

A s i te  (P ap ike  et a l .  , 1969).

T ab le .  C h e m ic a l  a n a ly s i s  o f c r o s s ­
f ib e r  r ic h te r i te  a s b e s t o s  f ro m  the Diablo 
p ro sp e c t .  (C o llec ted  by C. G. G roat ;  
a n a ly s i s  by J .  T . E th e re d g e  and D. A. 
Schofie ld , M in e ra l  S tu d ies  L a b o r a to r y ,  
B u re a u  o f  E con om ic  G eology. )

P e rc e n t

S iO z ....................................... . . 5 6 . 16

A12 ° 3 ................................... . . 1 . 51
FeoOo (total F e ) ......................... . . 0 . 4 1
T i 0 2 " . ................................... . . 0 . 0 0

P 2° 5 ....................................... . . 0 . 2 0
C a O .................................................. . . 4 . 50
M g O ................................................. . . 2 2 . 90
M n O .................................................

OOO

N a ? 0 .................................................
k 2o ....................................... . . 3 . 5 4
h 2o - ....................................... . . 0 . 7 5
Ign. L o s s  a t  1050°  C. . . .

9 8 . 53

N u m b ers  of ions on the b a s i s  o f 23 oxygens —

.................................. .....  • 70 8 . 00
A 1 ................................... 0. 08

A 1 ....................................0. 17
F e .............................. 0 .0 4  5 .0 2
M g ..............................4 .8 1

C a ................................... 0. 68
N a ........................._ . 1. 80 3. 12
K .........................’ . 0. 64
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O c c u r re n c e s

N o r th -c e n tr a l  p a r t  of d i s t r ic t .  - A s  p re v io u s ly  m entioned, only s m a l l  am ounts 

o f  im p u re  blue am phibole  a s b e s t o s  have been  found in the A l la m o o re  d i s t r ic t .

M o s t  o f  the r ic h te r i te  a s b e s t o s  d i s c o v e r e d  to date is  in a 2 - s q u a r e - m i le  a r e a  of 

s m a l l  h il l s  s e p a r a te d  by a llu v iu m  (fig. 1).

The ca rb o n a te  ro c k s  have been  d e fo rm e d  so  that the com m on e a s t- t re n d in g  

s t r ik e  and southw ard dip a r e  now a n orth -tren d in g  s t r ik e  and m o d e ra te  to s teep  

w e stw a rd  dip. M afic  igneous ro c k s  a r e  p lentifu l and m any a r e  probab ly  d ia b a se  

s i l l s .  S e v e r a l  s m a l l  ta lc  bo d ie s  and n u m e ro u s  talc  show ings in o u tc ro p s  a r e  

p re se n t .

The m ain  o c c u r r e n c e  of r ic h te r i te  is  a t  the Diablo p r o s p e c t , a low h ill  o f  

do lom ite  in which two l a y e r s  of r i c h te r i t e - t a lc  ro ck  w e re  e x p o se d  by trenching 

(fig. 2). The two trenched  r ic h te r i t e - t a lc  l a y e r s  v a ry  f r o m  about 4 fe e t  to 

p e rh a p s  a s  m uch a s  10 fe e t  thick, and a r e  a t  l e a s t  135 and 60 fe e t  long, r e s p e c ­

tive ly . A s b e s to s  content v a r i e s  f r o m  a t r a c e  to about 75 p ercen t .  The c a rb o n a te  

ro c k s  contain  e a s i ly  re c o g n iz a b le  blue am phib ole  fo r  about 3 5 fee t  w e s t  of the 

lo n g e s t  l a y e r .  B lu e  am phibole  f i l l s  thin i r r e g u la r  f r a c t u r e s ,  and intervening 

ca rb o n a te  h as  been  p a r t ia l ly  re p la c e d  by a lk a l i  f e ld s p a r  and o ther m in e r a l s .

A s b e s to s  o c c u r s  a s  thin d iscontinuous s e a m s  and le n s e s  in g r a y  fo lia ted  

talc, g e n e ra l ly  p a r a l l e l  o r  a t  a  low an g le  to the fo lia t ion  of the ta lc .  The f ib e r s  

a r e  up to 5 inches long and the h igher the a s b e s t o s  content of the ta lc  ro ck , 

the g r e a t e r  the length. R a r e ly  a s b e s t o s  o c c u r s  in veins in thin do lom ite  l a y e r s

in the ta lc .  S l ip - f ib e r  g e n e ra l ly  p re d o m in a te s  but c r o s s - f i b e r  and b e n t- f ib e r  fo r m s
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100 150 ZOO

Scale in feet

Alluvium

Dolomite, cherty and calcar­
eous, locally includes some
laicose layers

Talcose dolomite and dolo­
mite with thin talc layers

Richterite- talc rock-.richter-
ite content highly variable
includes some dolomite
layers

Approximate contact, dotted
where inferred

Strike and dip of bedding,
with no implication as to
original top

Strike and dip of foliation

Shallow trench
4650 -

Drill hole*

Drill hole data
46 0 0 - 1-10% richterite

>10% richterite

F IG . 2. G eolog ic  m ap  and s t ru c tu re  sec t io n  o f  Diablo a s b e s t o s  p r o sp e c t
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a r e  a l s o  com m on. Som e l a y e r s  of a s b e s t o s  have been s h e a r  fo lded  and with s u b s e ­

quent d if fe re n t ia l  m ovem en t along fo lia t io n  p lan es  in the t a lc ,  the l a y e r s  o f a s b e s t o s  

w e re  broken  and se p a r a te d .  The c o m p lex , s m a l l - s c a l e  s t ru c tu re  is  probab ly  the 

r e s u l t  of d e form ation  which p re c e d e d ,  ac co m p an ie d , and follow ed fo rm atio n  of 

a s b e s t o s .

D r i l l  h o le s  in and around the h ill  p e n e tra te d  a s b e s t o s - b e a r in g  ta lc  l a y e r s  w e s t  

o f  the s t r ik e  line  of the two ex p o sed  l a y e r s .  T h ick n e ss  o f talc  units r a n g e s  up to 

about 20 fee t ;  so m e  include in te r la y e r e d  do lom ite . L en gth s of talc  units ran ge  

f ro m  a few fee t  to 200 o r  m o r e  a s  su g g e s te d  by d r i l l in g  and by an alogy  with talc 

bo d ie s  in o ther p a r t s  o f the d i s t r ic t .  A lte r e d  m a fic  ro ck  w as  p e n e tra te d  in two 

d r i l l  h o le s  on the north  s id e  of the h ill  and one on the south s ide .

Although th ere  a r e  p rob ab ly  f ive  o r  m o r e  talc  l a y e r s ,  p a r t s  o f  which contain 

m o r e  than 10 p e rc e n t  a s b e s t o s  and o th e rs  which contain  1 to 10 p e rc e n t  a s b e s t o s ,  

the w ide v ar ia t io n  in d im en sio n s  o f  indiv idual l a y e r s  and the re la t iv e ly  w idely  

sp a c e d  d r i l l  h o le s  do not p e r m it  a c c u r a te  c o r r e la t io n  of un its . F o r  this r e a so n ,  

the s t ru c tu re  sec t ion  (fig . 2) is  not en tire ly  a c c u r a te .  B e c a u s e  of the e x tre m e  

v ar ia t io n  in a s b e s t o s  content within individual l a y e r s ,  a  unit showing only a  t r a c e  

of f ib e r  w here  in te r se c te d  in d r i l l  h o le s  m ay  contain  m uch m o r e  in its  o th er  p a r t s .

Som e x - r a y  d if frac t io n  p a tte rn s  of ap p aren t ly  pure  f ib e r  show the p r e s e n c e  

of sm a l l  am ounts of t a lc .  T h is  m ay  r e p r e s e n t  a  re p la c e m e n t  of r ic h te r i te  during 

the f ina l s ta g e  of m e ta s o m a t i s m .  V a r ia b le  but m in or am ounts o f o ther m in e r a l s  

a r e  c lo se ly  a s s o c i a t e d  with the r ic h te r i te .  T h e se  include ta lc ,  t r e m o li te  (? ), 

white m ic a ,  do lom ite , and a poorly  c r y s t a l l i z e d  la y e r  s i l ic a te .  T h e se  a c c e s s o r i e s  

a r e  white o r  r a r e ly  pink, in m a r k e d  d istin ction  to the g ra y  ta lc  ro ck  in which
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th is secon d  a s s o c ia t io n  o f  m in e r a l s  fo rm ed . The g ra y  fo l ia te d  talc  i t s e l f  c o n s i s t s  

o f  ta lc ,  d o lo m ite ,  q u a rtz ,  and po orly  c r y s t a l l i z e d  la y e r  s i l ic a te .

In addition  to the Diablo p r o s p e c t  th ere  a r e  r e p o r t s  o f  four o th er  s e p a r a te  

o c c u r r e n c e s  of r ic h te r i te  a s b e s t o s  in the A l la m o o re  d i s t r ic t ;  th ree  of th ese  

d e s c r ib e  t r a c e s  of white a s b e s to s  noted in d r i l l  cu ttings f r o m  thin t a lc o se  l a y e r s .

About 1, 200 fe e t  w e st- so u th w e s t  o f the Diablo p r o s p e c t ,  a  6 5 -fo o t-d eep  d r i l l  

hole  n e a r  the b a s e  of a  s m a l l  h ill  of v e r t ic a l-b e d d e d  dolom ite  p en etra ted  talc  with 

75 p e rc e n t  lo n g - f ib e r  r ic h te r i te  a s b e s t o s  o c c u rr in g  betw een 38 and 60 feet.

S e v e r a l  shallow  tren ch es  n e a r  the hole ex p o sed  t a lc - c a r b o n a te  rock . Som e blue 

am phibole  ro ck  is  s c a t t e r e d  along the c r e s t  o f the h ill .  S e v e r a l  o ther h o le s  w e re  

d r i l le d  and although so m e  talc w as  in te r se c te d ,  a s b e s t o s  w as  not found.

O ther p a r t s  of d i s t r i c t . - M in o r  am ounts of white a s b e s t o s  w e re  found during 

d r i l l in g  and developm ent of the re la t iv e ly  l a r g e  ta lc  body of the B uck  m ine (fig. 1). 

S e v e r a l  s a m p le s  showed the a s b e s t o s  to be c r o s s - f i b e r  s e a m s  up to about two 

inches thick and a t  l e a s t  s i x  inches long,which a r e  concordant with the fo lia tion  

o f  the ta lc .  V e ry  thin p a r t in g s  o f  ta lc  a r e  both roughly p a r a l l e l  and oblique to the 

m a r g in s  o f  the a s b e s t o s  l a y e r s .  B e n t- f ib e r  a s b e s t o s  and o th er  d e fo rm atio n a l  

s t r u c t u r e s  su ch  a s  those  found at  the Diablo p r o s p e c t  a r e  ab sen t .  The a s b e s t o s  

in the B uck  m in e  a r e a  is  r ic h te r i te  and is  s i m i l a r  to that a t  the Diablo p r o sp e c t  

and n ea rb y  o c c u r r e n c e s .  X - r a y  d if frac t io n  a n a ly s i s  ind ica ted  that what a p p e a r s  

to be  p u re  f ib e r  a c tu a l ly  contain s a  s m a l l  am ount o f  ta lc .

A litt le  white a s b e s t o s  w as  re p o rte d ly  o b se r v e d  during  e x tra c t io n  o f  talc  at 

the T. & P. No. 1 m ine. L a t e r ,  d r i l l  cu ttings containing f ib e r s  up to about half  

an  inch long w e re  obtained. The f ib e r  i s  r ic h te r i t e ,  although m o r e  b r it t le  than in
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the other o c c u r r e n c e s .  What a p p e a r s  to be p u re  f ib e r  conta in s  so m e  ch lo r ite ,  

p e rh a p s  a s  p seu d om orp h ou s  re p lac e m e n t.

T h e re  i s  an un con firm ed  r e p o r t  of white a s b e s t o s  f ro m  the re la t iv e ly  s m a l l  

ta lc  body of the N eal-M ann  p r o s p e c t  (fig. 1). V e ry  s m a l l  m a s s e s  of n e a r ly  pure 

a s b e s t i f o r m  ac tin o lite  a l s o  o c c u r  within the ta lc .

ORIGIN AND GEO LO GIC SIG N IFIC A N C E 

B lue  am phibole  and r ic h te r i t e - t a lc  ro ck s  a r e  thought to be co n cen tra t io n s  of 

co n st itu en ts ,  m ain ly  a lum inum , iron , sod iu m , and p o ta s s iu m , o r ig in a l ly  p r e se n t  

a s  m in o r  im p u r it ie s  in ca rb o n ate  ro ck s  that have been re p la c e d  by ta lc .  During 

m e ta s o m a t i s m ,  th e se  con st itu en ts  f i r s t  m ay  have been in co rp o ra te d  into new fo r m s  

such  a s  la y e r  s i l i c a t e s ,  then m o b il iz e d  and e ith er  co n cen tra ted  in ca rb o n ate  l a y e r s ,  

in another ta lc  body, o r  in another p a r t  of a  s in g le  ta lc  body. F o r m a t io n  of 

r ic h te r i t e - t a lc  rock  a l so  involved concen tration  o f  a lk a l ie s  r e la t iv e  to a lum inum  

and iron . The e ffec t  of s t r u c tu r a l  c o n tro ls ,  though p e rh a p s  im portan t, is  unknown. 

B e c a u s e  the im p u r it ie s  m ay  have constitu ted  only a  s m a l l  p e rc e n ta g e  of the o r ig in a l  

ca rb o n a te  ro c k ,  con cen tra t io n s  of th ese  e lem en ts  such a s  a t  the Diablo p r o sp e c t  

s u g g e s t  that m uch m o r e  talc  m ay  o c c u r  in the vic in ity .

R ic h te r i te s  have been re c o g n iz e d  in a  wide v ar ie ty  of r o c k s ,  but unlike the 

re la t iv e ly  lo w - te m p e ra tu re  A l la m o o re  r ic h te r i t e ,  m o s t  o c c u r r e n c e s  a r e  su g g e s t iv e  

of re la t iv e ly  high t e m p e r a tu r e s  o f fo rm a tio n . In addition , m any r ic h te r i t e s  a r e  

c o m p o sit io n a lly  in te rm ed ia te  betw een a lk a l i  and c a lc iu m  am p h ib o le s ,  with 1. 00 

<  C a < l .  50 p e r  fo rm u la  unit, fu r th e r  su g ge st in g  h ig h - te m p e ra tu re  h y p e r so lv u s  

conditions (E r n s t ,  1968). H ow ever , r ic h te r i t e s  with c a lc iu m  contents of l e s s  than
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about one c a lc iu m  p e r  fo rm u la  unit, such  a s  the Diablo p r o s p e c t  am p h ib o le , m ay  

be c o n s id e re d  s im p ly  a s  a lk a l i  am p h ib o le s  and m ay  be re a so n a b ly  expected  to fo rm  

a t  re la t iv e ly  low te m p e r a tu r e s .

E x a m p le s  o f a s b e s t i f o r m  r ic h te r i te  a r e  r a r e ;  h ow ever , g r e e n i s h - g r a y  

r ic h te r i t e  a s b e s t o s  with c a lc iu m  content of 1. 03 p e r  fo rm u la  unit, both d i s s e m i ­

n ated  and o c c u rr in g  a s  c r o s s - f i b e r  ve in s  up to 5 c m  thick, h as  been re p o rte d  in 

t r e m o l i te - a c t in o l i te - b e a r in g  ro c k s  and in other l i th o log ie s  in the A ldan reg ion  of 

S ib e r ia  (Ivanov and S idorenko , 1965). Although rock  co m p o s it io n s  r ich  in a lk a l ie s  

re la t iv e  to a lu m inu m  a r e  a l s o  c o m p a ra t iv e ly  r a r e  and p rec lu d e  the com m on 

o c c u r r e n c e  of r i c h te r i t e s ,  the la c k  of lo w -te m p e ra tu re  e x a m p le s  —e sp e c ia l ly  

a s b e s t i f o r m  o n e s - m a y  be due in p a r t  to incom plete  and in a c c u ra te  iden tif ica tio n s . 

F o r  e x a m p le ,  ve in s  of c r o s s - f i b e r  a s b e s t o s  s im i l a r  in a p p e a ra n c e  to c h ry so t i le  

and o c c u rr in g  in se rp en tin ite  w e re  d e s c r ib e d  a s  " s o d a - r i c h  anthophyllite" by 

L a u d e rm ilk  and W oodford (1930). H ow ever, the am phibole  contains 5. 10 p e rc e n t  

CaO and 7. 40 p e rc e n t  Na^O, su g g e s t in g  that it m ay  be r ic h te r i te .

An a s s e m b la g e  of ro c k s  s i m i l a r  to those in the A l la m o o r e  d i s t r ic t  o c c u r s  in 

the R o b e r t s to w n -T ru r o  a r e a  of southern  A u s t r a l i a .  M a g n e s ia n  c ro c id o l ite  o c c u r s  

in t a lc o s e  do lom ite  and a l t e r e d  d o le r i te  (Wymond and W ilson, 1951), and a lk a l i-  

r ich  t re m o lite  a s b e s t o s  in the t a lc o s e  do lom ite  h as  a l s o  been  p r o sp e c te d  (D. K ing, 

195 5). The p r e s e n c e  of l a r g e  ta lc  r e s e r v e s  in the a r e a  w as  recen tly  announced

(In d u str ia l  M in e r a l s ,  1970, 1971).
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P O T E N T IA L

F ib e r s  o f  m uch of the r ic h te r i te  a s b e s t o s  f r o m  the A l la m o o re  d i s t r ic t  a r e  

g r e a t e r  than one inch in length, have v e ry  s m a l l  d i a m e te r s ,  and have re la t iv e ly  

high te n s i le  s tren gth  fo r  am phibole  f ib e r s .  The a s b e s t o s  i s  white to light g ra y ;  

so m e  i s  g re e n ish  o r  r a r e ly  pink. When se p a r a te d ,  the f ib e r s  fo r m  a w hite, s e m i ­

h a r sh ,  fluffy  m a s s .  The r ic h te r i te  m ay  be s im i l a r  in its  p r o p e r t ie s  to t re m o li te  

a s b e s t o s  which h as  been  u se d  in a  w ide v a r ie ty  of p ro d u c ts ;  h ow ever , in d e v ic e s  

l ike  c h e m ic a l  f i l t e r s ,  a pure  p roduct i s  re q u ire d .  Although the a s b e s t o s  can be 

s e p a r a te d  e a s i ly  f ro m  m o s t  o f the t a lc ,  it m igh t p rove  d iff icu lt  to re m o v e  a l l  the 

v e ry  f in e - g ra in e d  platy  p a r t i c le s  o f t a lc .  In c o n t r a s t  to o th er  types  of a s b e s t o s ,  

the r ic h te r i te  m ay  have talc  a s  a byproduct o r  coproduct.

P r e l im in a r y  w ork at the Diablo p r o s p e c t  s u g g e s t s  p ro b ab le  r e s e r v e s  of at 

l e a s t  5, 000 tons of a s b e s t o s  in ro ck  containing 10 p ercen t  o r  g r e a t e r  f ib e r .  How­

e v e r ,  m o r e  c lo s e ly  sp a c e d  d r i l l in g  i s  re q u ire d  to e s ta b l i sh  p roved  r e s e r v e s ,  and 

m ight show c o n s id e ra b ly  m o r e  a s b e s t o s .  T h is  includes  add it ion al a s b e s t o s  at 

g r e a t e r  depth a s  downdip e x ten sio n s  of ro c k s  known to contain  r ic h te r i t e - t a lc  

l a y e r s ,  and a l s o  in d e p o s it s  im m e d ia te ly  o u ts id e  the d r i l le d  a r e a .

P ro sp e c t in g  p o s s ib i l i t ie s  a r e  ex ce llen t  in the a r e a  surroun d ing  the h ill  w e s t-  

southw est of the Diablo p r o s p e c t ,  w here  th ere  w as  a good showing o f  a s b e s t o s  in 

a d r i l l  hole . T h e re  a r e  about four s q u a r e  m i l e s  in the n o r th -c e n tra l  p a r t  of the 

d i s t r ic t  w here  m e ta so m a t ic  ro c k s  a r e  known and w here c o m m e r c ia l  am ounts of 

a s s o c i a t e d  r ic h te r i te  a s b e s t o s  m ight be  found. E s t im a t io n  of p o s s ib le  r e s e r v e s

f o r  th is a r e a ,  including the Diablo p r o sp e c t ,  i s  sp e c u la t iv e ;  50, 000 tons o r  m o r e
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m igh t be p ro ved  by an adequate  exp lo rat io n  p r o g r a m .  In o r d e r  to t e s t  this p o s s i ­

b il i ty ,  d r i l l in g  through a llu v iu m  would be n e c e s s a r y ;  depth to b ed ro ck  in m uch of 

th is  a r e a  p ro b ab ly  ra n g e s  f ro m  a few fe e t  to about 30 feet.

The v e ry  s m a l l  am ounts of a s b e s t o s  found at  the B uck  and T. & P. No. 1 

m in e s ,  and N eal-M an n  p r o sp e c t ,  c o n s id e r in g  the d r i l l in g  and talc  ex tra c t io n  

a l r e a d y  a c c o m p lish e d ,  s u g g e s t  that fu r th er  te s t in g  fo r  a s b e s t o s  alone m ight not be 

p ro f ita b le .
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