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A B S T R A C T  

A mineralogical study by the Bureau of Mines and the University of Utah of the shale 
beds on the 1600 ft level of the Ophir Hill mine, Utah, disclosed that the mieaeeous 
minerals in the shale were altered as a function of proximity to the sulfide ore zones. 
The principal mineral in the shale distant from ore is 2~[ sericite. Within 100 ft along 
the bedding plane and 15ft no~Taal to the bedding plane, the sericite was altered 
successively to a modified form of sericite, two polymorphs of chlorite, and finally 
phlogopite. 

A general sequence of the mineral changes from barren to ere-bearing ground was : 
(1) sericite ; (2) modified sericite ; (3) medified scricite and 74 chlorite; (4) modified 
serieite, 14/~ chlorite, and phlogopite; (5) 14/~ chlorite and phlogopite ; and (6) phlogo- 
pite. This sequence of alteration of sericite in the shale was not noted in the mine areas 
barren of ore. 

INTRODUCTION 

In cooperation with U.S. Smelting l~efining & Mining Co., the Bureau of 
Mines made a paragenesis study of the copper-lead-zinc-tungsten ore mineral- 
ization on the 1600 ft level of the Ophir Hill mine, Tooele County, Utah. 
This paper is based on a portion of a thesis submitted by the senior author to 
the University of Utah in partial fulfillment of the requirements for a Master 
of Science degree. A phase of this research involved a detailed study of the 
relat ion between the  minable  ore and a l tera t ion of  the shale beds wi thin  the  
Cambrian Ophir formation.  

The  ore bodies in the  Ophir Hi l l  mine occur in four principal  l imestone 
layers of  the  Cambrian  Ophir formation,  which is composed of  a series of  
a l ternat ing l imestone and shale beds. The  deposits were formed by replace- 
men t  in and around the  intersection of  several narrow fissures wi th  the  
l imestone beds. The ore bodies are elongated down dip bu t  are usual ly short  
along str ike o f  the  beds. The geology of  the  distr ict  and the  Ophir  Hi l l  mine  
has been described by Gilluly (1932). 

The Ophir Hil l  mine  is in Ophir Canyon on the  west side of  the Oquir rh  
Mountains about  one-fourth mile nor thwest  of  t he  town of Ophir (Fig. 1). 
The mine is about  12 miles southwest  of  the  Bingham distr ict  and about  30 
miles nor th  of  the  Tint ie  district. 

1 Approved for publication by the Director, Bureau of Mines, U.S. Department of 
the Interior. 
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M E T H O D S  OF I N V E S T I G A T I O N  

Sa~npling 
Chip samples of the shale beds overlying and underlying the exposed 

"Green" limestone layer were cut every 50 ft along the 1600 ft-level drift 
of the mine. Samples of shMe also were cut at 1 to 10 ft intervals from the 
core of a diamond-drill hole that  was drilled northerly from the 1600 ft 
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FIGI~RE 1.--Index map showing location of the Ophir Hill mine. 

level at a 30 degree inclination. The locations of the diamond-drill hole, the 
chip samples, and the ore bodies exposed in the 1600 ft-level drift are 
shown in Fig. 2. 

x-Ray Diffraction Studies 
Each sample was dried, crushed, pulverized and analyzed with an x-ray 

diffraction nnit, using copper X~ radiation. The various forms of sericite, 
chlorite and phlogopite in the shale samples were identified by determining 
the relative intensities of the 10.0 ~ and the 3.2 A peaks of the sericite and 
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FIGURE 2.-Map showing sample locations on 1600 ft level, Ophir Hill mine. 
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phlogopite and  the 7/~ and  1 4 1  peaks of the chlorite. The presence of 7 
chlorite in  some samples was confirmed by  analyzing duplicate port ions 
tha t  had been heated to 550~ for 2 hr  to convert  the  7-& chlorite to the 14 l 
polymorph.  Identif icat ion of phlogopite was confirmed by  chemical analysis 
of selected mineral  grains. 

1%ESULTS 

A definite sequence of al terat ion of the micaceous minerals was noted in 
the 42 samples t aken  from the drift  and  drill core. The sequence from barren 
ground to ore was found to be as follows : 

Sericite 
1Viodified 1 seriei~e 
Modified sericite and 7 i chlorite 
Modified sericite, 14/~ chlorite, and phlogopite 
14A chlorite and phlogopite 
Phlogopite 2. 

" Modified " signifies only that the relative peak intensities have changed. 
2 I~ (Li0.06 Mgx.sl A10.~7 ) (A1Sia) Oz0 (OH)z. 

This sequence was not  found in areas barren of ore. The changes in the 
micaceous minerals along the drift  and  in the drill core are shown diagram- 
mar i ta l ly  in  Fig. 3 and in  Tables ] and  2. 

Using the data  of Yoder and  Eugster  (1954, 1955) for na tu ra l  and  synthet ic  
muscovites and phlogopites, the  sericite a t  some distance from ore in  the 
mine  was identified as an  ordered two-layered monoclinic (2M) polymorph.  
This polymorph is the most  stable form of muscovi te  at  high temperatures  

J SHALE SANDS IN ryELLOW"kI~ESTONE ~RED~LIMESTONE iOO t - - ~  

-- ~-~--- ~SHALE~-~ 

B ~GREEN*LIMESTONE ~ 
Fmug~ 3.--Alteration of shale minerals from barren ground to ore-bearing ground. 

A, l~ictorial log of diamond-drill core. ]3, Diagrammatic wall section at 1600 ft 
level drift. (1) sericite; (2) modified sericite ; (3) modified serlcite and 7/1~ chlorite ; 
(4) modified sericite, phlogopite and 14/~ chlorite ; (5) phlogopite and 14/~ ehtorlte ; 
(6) phlogopite. 
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ALTERATION OF MICACEOUS ~r 

TABLE 1.----I~ICACEOTJS CONSTITUENTS IN SAigPLES OF OPItIR SHALE 
~ o ~  1600 ~'T LEVEL DI~IFT 

(Samples taken along strike of the " Green " bed) 

373 

Sample Mieaceous Minerals Distance from Ore 

M Serieite 
Q 
3 Mod'ified sericite 
5 

G Phlogopite and 14~ chlorite 
6 Modified sericite 

D Serieite 
7 
9 Modified sericite 

10 Indeterminate mica and 14/~ chlorite 
11, 12 Phlogopito 

15 Modified sericite and 7A chlorite 

17 Serieite 
16 
E Phlogopite 

18 T, U, V 
19 Sericite 
20 Modified sericite 
21 Sericite 
23 Phlogopite 

150 ft west of sample G. 
140 ft west of sample G. 
I00 ft west of sample G. 
60 ft west of sample G. 
Cu-Ag ore. 
80 ft east of sample G. 
110 ft east of sample G. 
220 ft east of sample G. 
120 ft west of sample 11. 
15 ft west of sample 11. 
FeS~ and CaWOa mineralization 

(west contact of dike). 
10 ft west of Pb-Zn-Ag-Cu ore 

(east contact of dike). 
150 ft west of sample E. 
80 ft west of sample E. 
Cu-Pb-Zn-Ag-W ore. 
Cu-Pb-Zn-Ag-W ore. 
230 ft east of sample U. 
70 ft east of Zn-Ag-Cu-Pb ore. 
110 ft west of sample 23. 
Cu-Pb-Zn-Ag-W ore. 

bu t  also persists a t  lower temperatures.  The phlogopite found in  or near  the 
ore at  the Ophir I-Iill mine is a one-layered monoclinie (1M) or three-layered 
trigonal (3T) polymorph,  both of which are high- temperature  forms. Both  
7-~ and  14• polymorphs of chlorite were identified in  the shales, with the  
14 A var ie ty  occurring in  close proximi ty  to ore and  the 7 ]~ var ie ty  between 
10 and  15 ft from ore. 

Plot t ing the relat ive intensit ies of the  10.0A and 3.2 ~ diffraction peaks 
with respect to  the location of samples in  the mine  revealed t ha t  a l tera t ion 
of the micaceous minerals is a funct ion of proximi ty  to the sulfide ore. The 
results of this s tudy  are shown in  Figs. 4 and  5. The intensit ies of the 3.2 
peaks are omit ted in Fig. 4 as the presence of coinciding quartz peaks inter-  
fere with in terpreta t ion.  Quartz is concentrated in  the vic ini ty  of the  dike 
along the 1600 ft level drift. 

S U M M A R Y  A N D  C O N C L U S I O N S  

Alterat ion of micaceous minerals in  the Ophir shale at  the 1600 ft level 
of the Ophir Hill  mine  was studied by  x-ray  diffraction techniques and was 
found to increase, from barren ground to ore-bearing ground, in  the following 
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TABLE 2.--MIcACEOUS CONSTITUENTS IN SAMPLES OF OPHIR SHALE 
F~O~ D~LT, CO~E 

Distance on 
Core from Distance 

Main Drift  Micacoous Minerals from Ore 

F t  
2 
9 

19 
23 
26 
28 

Sericite 

Phlogopite and 14A chlorite 

33 Modified sericite and  7/~ chlorite 
34 . . . . . .  
37 
39 Sericite 
48 ,, 
56 
61 Modified sericite and  a trace of 7/~ chlorite 
64 Modified sericite and 7 1 chlorite 
66 Mixture of phlogopito and sericite 
67 Phlogopite and a trace of 14/~ chlorite 

(7 tll peak strong) 
69 Phlogopite 3 ft  south of ore. 
71 Phlogopite and 14/~ chlorite 1 ft  south of ore. 

Cu-Pb-Zn-Ag  ore. 

28 ft  south of ore. 
21 ft  south of ore. 
11 ft  south of ore. 

7 ft  south of ore. 
4 ft  south of ore. 
2 ft  south of ore. 

Cu ore. 
2 ft  nor th  of ore. 
3 ft  nor th  of ore. 
6 f t  nor th  of ore. 
8 ft  nor th  of ore. 

24 ft  south of ore. 
16 ft  south of ore. 
11 ft  south of ore. 

8 ft  south of ore. 
6 ft  south of ore. 
5 ft  south of ore. 

s e q u e n c e :  (1) s e r i c i t e ;  (2) m o d i f i e d  s e r i c i t e ;  (3) m o d i f i e d  se r ic i te  a n d  7 .~  
c h l o r i t e  ; (4) mod i f i ed  ser ic i te ,  14 ~ ch lor i te ,  a n d  p h l o g o p i t e  ; (5) 14 J~ c h l o r i t e  
a n d  p h l o g o p i t e  ; a n d  (6) p h l o g o p i t e .  T h e  se r i c i t e  i n  sha l e  m o r e  t h a n  100 f t  
f r o m  ore  was  u n a l t e r e d .  

T h e  c h e m i c a l  a n d  s t r u c t u r a l  c h a n g e s  r e s u l t i n g  f r o m  a l t e r a t i o n  o f  t h e  
m i c a c e o u s  m i n e r a l s  b y  t h e  o re  s o l u t i o n s  c a n  b e  u s e d  t o  gu ide  u n d e r g r o u n d  
e x p l o r a t i o n  for  o re  i n  t h e  O p h i r  H i l l  m ine .  F u r t h e r  w o r k  will  b e  n e c e s s a r y  
t o  d e t e r m i n e  i f  a l t e r a t i o n  o f  m i c a c e o u s  m i n e r a l s  c a n  b e  u s e d  as  a r e l i ab l e  
g u i d e  for  ore  e x p l o r a t i o n  i n  s i m i l a r  l i m e s t o n e  r e p l a c e m e n t  depos i t s .  

A C K N O W L E D G M E N T S  

D r  R .  N .  H u n t ,  v i ce  p r e s i d e n t  a n d  ch ie f  geo log is t ,  U.S .  S m e l t i n g  R e f i n i n g  
& M i n i n g  Co., k i n d l y  g a v e  p e r m i s s i o n  t o  s a m p l e  t h e  O p h i r  H i l l  m i n e .  R i c h a r d  
g u b r i g h t ,  U.S .  S m e l t i n g  R e f i n i n g  & M i n i n g  Co., a n d  IV[. Gf lkey,  B u r e a u  of  
Mines ,  we re  h e l p f u l  i n  p r o v i d i n g  s a m p l e s  a n d  g e n e r a l  i n f o r m a t i o n  o n  t h e  
O p h i r  H i l l  m ine .  
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TABLE 3.-x-RAY POWDER DIFFRAOTION DATA FOR MICAOEOUS MINERALS 

Sericite--Phlogopite and 14 A Chlorite and 14A Chlorite and 

I 
14A Chlorite1 Modified Phlogopite2 Phlogopite3 

l.VIodified 
Slightly Sericite 14A I Sericite-- Modified 14A 
Modified with 7A Chlorite : Phlogopite Phlogopite Chlorite Phlogopite 

Sericite Sericite Chlorite Phase Phase 14Achlorite Phase Phase Phase Phlogopite 

d,A 1/10 d,A 1/10 d,A 1/10 d,A 1/10 d,A 1/10 d,A 1/10 d,A 1/10 d,A 1/10 d,A 1/10 d,A 1/10 

10.0 50 10.0 64 10.0 64 14.0 54 10.0 68 14.0 56 10.0 100 14.2 55 ,10.0 100 10.1 100 
4.98 18 5.0 21 7.19 8 7.0 100 5.0 14 7.07 100 5.0 6 7.1 100 I 4.56 9 5.00 4 
4.44 19 4.46 15 4.98 19 4.69 51 4.23 19 4.72 60 3.36 48 4.72 59 I 4.06 8 4.55 2 
4.21 22 4.23 20 4.46 16 3.52 74 3.32 100 3.55 71 2.62 9 4.56 50 . 3.75 13 3.66 4 
3.91 13 3.78 22 4.25 15 2.82 26 3.22 17 2.82 38 2.50 5 3.54 95 ; 3.65 13 3.36 52 
3.75 29 3.47 21 3.86 11 2.69 54 2.59 18 2.69 18 2.43 10 2.82 3213.36 54 3.24 4 
3.46 26 3.36 100 3.75 12 2.21 30 2.42 28 2.21 18 2.17 6 2.02 45 2.92 13 3.14 8 
3.33 100 3.24 38 3.49 16 1.81 20 2.27 20 1. 81 8 1. 99 11 · . 2.79 9 2.92 6 
3.23 47 2.98 32 3.34 100 1.63 51 I 2.16 18 1.63 50 1.67 8 · . 2.71 5 2.71 4 
2.98 40 2.86 15 3.21 23 .. 1.99 34 . . 1.53 8 · . 2.61 28 2.62 10 
2.88 17 2.79 12 2.98 20 .. 1.66 12 · . · . 

I 

· . 2.51 18 2.51 6 
2.78 15 2.56 32 2.86 13 · . 1.54 16 · . · . · . 2.43 20 2.43 9 
2.56 38 2.51 8 2.79 11 · . .. · . · . 

i 
· . 2.29 7 2.29 2 

2.49 10 2.44 6 2.63 7 · . · . · . · . · . 2.26 6 2.26 1 
2.45 10 2.38 10 2.56 26 .. · . · . · . I · . 2.17 18 2.17 8 
2.38 12 2.16 9 2.51 8 " .. · . i · . · . 2.01 15 2.00 13 
2.23 6 2.13 13 2.45 12 · . 

I 

· . · . · . · . 1. 91 5 1. 91 2 
2.16 12 2.06 7 2.38 7 · . .. · . · . · . 1. 83 7 1. 74 I 
2.12 18 1. 99 26 2.28 6 · . i · . · . · . · . 1.67 17 1. 67 10 
2.06 6 1. 81 7 2.23 7 · . · . · . · . · . 1.54 19 1.54 10 
1. 99 23 1. 79 10 2.13 12 · . · . · . I · . · . · . 1.43 I 
1. 97 12 1.64 11 2.05 6 · . · . I · . · . ! · . · . 1.36 5 
1.92 6 1.54 5 2.00 18 · . · . · . · . 

I 

· . · . 1.32 2 
1. 79 15 · . 1. 81 8 · . .. · . · . · . · . 1.31 2 
1.64 11 · . 1.71 4 · . · . · . · . · . .. · . 
1.59 5 · . 1. 67 8 · . · . · . · . I · . · . 

I 
· . 

1. 54 7 · . 
I 

1.64 9 · . · . · . · . , · . · . · . 
. . .. 1.59 4 · . · . · . " · . · . · . 
. . · . I 1.54 91 · . · . · . · . I · . I · . I · . 

I I 

1 Sample selected frOln more than 5 ft frOln ore. 2 Salllple selected 5 ft frolll ore. 
a Palllple selected from less than 5 'ft from ore_ 
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