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WHEWELLITE AND CELESTITE FROM A FAULT

OPENING IN SAN JUAN COUNTY, UTAH*

A. J. Guon, 3no., E. J. YouNc, V. C. KnNNBlv aNo L' B'
Rtlnv, U . S. Geological Survey, Denaer, Colorad'o'

Asstnect

Whewellite (CaCzOr.H:O) in two large crystais, yellow celestite, and several other

minerals were found in vuggy openings along a fault in the Radon mine near Moab, San

Juan County, Utah. This is the second reported occurrence of whewellite from North

America, the first being from limestone concretions in Montana. Paragenetically whewei-

lite is later than the celestite and its origin is believed related to assrciated carbonac:ous

material.

IwrnoouctroN

In April 1958 one of the writers' Vance C. Kennedy, found two large

crystals of whewellite in a uranium mine in eastern Utah. This is the sec-

ond occurrence of whewellite reported from North America, the first

having been described by Pecora and Kerr (1954) from a septarian l ime-

stone concretion in marine shale near llavre, Montana. The two crystals

here described are much larger and are from a considerably different

geological environment. They were collected from the Radon mine

located on the southwest f lank of the Lisbon Valley anticline, about 35

miles southeast of Moab in sec. 28, T. 29 S., R. 24 E., Salt Lake Meridian,

san Juan county, utah. The crystals were found in celestitelined vuggy

openings along the "Radon" fault where it cuts high grade uranium ore

on the 280 level. Near the sampling site the Radon fault is normal'

strikes about N55 W, dips 67o SW, and has a vertical displacement of

about 3.5 feet (C. L. Dodson and T. Botinelly, written communication).

Wall rock of the vugs consisted of the lower few feet of the Triassic Chinle

formation, just above its contact with the Permian Cutler formation.

Here the Chinle is composed of interbedded lenses of medium-grained

sandstone, f ine-grained sandstone, mudstone, and claystone.

DBscnrprrvB MrNonarocY

milky white in color, but where broken on an edge, the interior appears

blue-gray and more translucent. One good cleavage, parallel to the form

x Publication authorized by the Director, U. S. Geological Survey'
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(101), is evident. A stereographic photograph and the morphology of this
crystal are shown in Fig. 1. Crystallographic data were obtaineJ by A. y.
Gude, 3rd., and are described below, under Crystallography und, *_ruy
data.

The smal ler  of  the two crysta ls  of  whewel l i te ,2by I  by 0.2 cm.,  is  at_
tached to the matrix of a large piece of bufi-colored medium to coarse-
grained sandstone which is coated with small crystals of celestite and cal-
cite. A third, or sateil i t ic, whewellite crystal 3 mm. in diameter and about
5 mm' from the one in place was removed with an ultrasonic needle and
all physical, spectrographic and r-ray work was performed on it. Table 1
records the physical properties of wheweilite from utah and compares
them with those of the whewellite specimen from Montana as given by
Pecora and Kerr (1954).

Tanr,r 1. Pnvsrc.q.l PnopBnrres or Wgnwrr,r,nn

San Juan County, Utah Ilavre, Montana

p
^l

2v (+)
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)pecrnc gravrty i)
Hardness

t  aor )' ' - ' - l
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1.6s0J

840 +20
2.21+O 05 Berman balancu
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_ 2 . 5

1 .4e1]
I

1 . s 5 5 1 + 0 . 0 0 2
1.6s4)

820
2  . 2 1 + O  0 l

J

grarns was strongly suspected of having air voids due to skeletal struc-
ture in the whewellite fragment. Hence the average varue by this method,
2.19,  is  probably low.

Sppcrnocnepurc Dere

- 
Semiquantitative spectrographic analyses (Table

both the whewellite from Utah and from Monrana.
was kindly furnished by W. T. pecora.

Although both samples are extremely pure calcium oxalate monohy_
drates, it is noted tha:t the whewellite from Utah, which is intimately

2) were made on
The latter sample
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associated with celestite, contains considerably more strontium than the
whewellite from Montana.

Taeln 2. SrurquaNrrerrvn Spocrnocn.Lpurc ANar,vsns or wrmwnlurn
(J. C. Hamilton, Analyst)

-
San Juan County, Utah Havre, Montana

Si
AI
Fe
Mg
Ca
Mn
Na
Ba
Sr
Cr
Cu

0.0r57o
0.0015

-0 0008*
<0.0005

M
<0.0002x

0 .07
0.0007
0.007
0.00015

<0 0001+

0.03%
0.007

-0.0008*
<0.0005

M
0.0003
0.  07
0.0003
0.0007
0.00015
0.0007

M:major constituent-greater than 10 per cent.* Limit of detection.
The following elements were looked for and not found: K, Ti, p, Ag, As, Au, B, Be,

f_1 !d,  
Ce, Co, Dy,  Er,  Eu,  c1,  Gd, Ge, Hf ,  Hg,  Ho, In,h,La,r i ,  i , , r ,  l ro,  Nb,  Nd,

Y,_9.,1b,Pd, Pr, Pt, Rb, Re, Rh, Ru, Sb, Sc, Sn-, Sm, Ta, Tb, Te, Th, ff, r-, U, V, W,
Y ,Yb ,Zn ,Z r .

CnvsrerrocRAprry AND X_RAy DATA

. 
The largest crystal of whewellite was used to determine its morphology

(Fig' 1)' x-tay data are shown and compared in Tabre 3 with similar
data by Pecora and Kerr (1954).
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tions, made contact goniometer measurements generally unreliable. Ac-

cordingly, the crystallographic data were obtained by using a spectrom-
eter adapted as a one-circle goniometer. Four sets of each of the inter-
facial angle measurements were made from independent resettings of the
crystal and goniometer.

A well-developed prism zone was proved to be present. From the stereo-
graphic plot of face poles e (101) was found to be the prominent face on
the crystal. Careful examinations of the lower fractured areas then re-
vealed a parallel cleavage surface which agrees well with the published

descriptive data of Palache, Berman and Frondel (1951). A face pole for
c (001) is shown in Fig. 1 for convenience of reference although no devel-
opment of this face was found. The flat obtuse angle between n(230) and
u(120) can be seen on the crystal only in oblique illumination and then
only with difficulty. Ifowever, these two faces were easily and distinctly
resolved when measured on the goniometer. Face h(102) was found and
verified by measurement after plotting a preliminary stereogram and re-

examining the crystal. Axial angle B is not easily determined from the sets

of faces found on this particular specimen.

Crr-nstrtr; aNo OrnBn Assocr.crBl MrxBner.s

The celestite that is intimately associated with the whewellite occurs

in clear yellow blade-shaped crystals which attain several mil l imeters in

Iength and several tenths of a millimeter in thickness. Practically all the

celestite contains abundant inclusions of pyrite and marcasite which

occur as cubes and bladed crystals up to about 0.3 mm. in size. The iron

sulfide inclusions were segregated into cube-like and lathlike fractions

and r-rayed separately. The cube-like fraction proved to be only pyrite;

the lath-l ike forms consisted of both pyrite and marcasite, with pyrite

predominant. The celestite has the following optical properties and

specific gravity:

a : 1.622 (bY calculation)

ts :1.624 + 0.002

;;,11'!*:fx1
Pleochroisma : 7 : almost colorless

B: paleyel low

3J::::Tiir;;
A noteworthy feature of some of the celestite crystals is that the yellow

coloration is not equal through all the parts of a single crystal when B is

being viewed. Contact between the yellow tints is generally curved, but



1262 A. J. GUDE, E. J. VOUNG, v. c. KENNEDV AND L. B. RILEV

Tenr,n 3. X-Rav Powopn DrlrnacrroN Deta lon Wnnwur,rrn
r,RoM UrArr aNo MoNr,csl

Difiractometerl Film

Montana (Pecora and Kerr, 1954, p. 210)-la, 
-"*.) -- 

a- 
-Utah

d(4, meas.)

14.3
1 0 . 0
8 . 4 2
5 .95
5 . 7 9

4 . 5 2
4.33
4 . 1 5
4.O9
3.860

3 . 7 7 0
3.633
3 .480
3.401

3 . 2 7 8
3 . 1 1 0
2.998
2.969
2.903

2.840
2 . 7 5 4
2 . 7 0 6
2.637
2 -607

2 . 5 7 8
2 529
2.494
2 . M 8
2 . 4 t 1

2 .380
2 . 3 5 6
2.293
2 . 2 5 3
2 . 2 1 2

2.127
2 . 1 0 3
2.094
2 . 0 7 0
2.045

7 . 9 7 7
r .949

I J

5
/.)
27

5 .95
5 . 8 1

4 . 5 38
5
5
8
8

1 1
100

1

7

7
l +
14

100
1 8

t4
7
6
8
7

7
8

35
9

10

9
68
7

25
10

8
6

10
2 l
5

20
1 6

J . / / J

J .  O . ) Z

3.414
3.321

3 .  1 0 5
3.002
2 . 9 7 1
2.906

2.842

2.639

2 . 4 9 7
2 . 4 5 5
2 . 4 2 2

2 .388
2 . 3 5 7

2 . 2 6 2
2 . 2 1 3

2 . t 3 5

2 . 0 7 6

| 978
1 .955

100

90

I
1

(
1

50
10

10

20
I
1

1
80

20
5

1

5
5

10

I CuKa (Ni filter), ),:1.5418 A
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Tasln 3 (Conti,nueil)

r263

Diffractometerr Film

Utah Montana (Pecora and Kerr, 1954, p. 210)

d(4, meas.)d(4, meas.)

1 .933
1.892
1 . 8 5 9

1 . 8 4 1

1 . 8 1 4
t . 7 9 1

1 . 7 5 9
r . 7 3 4
1 . 7 0 7
1 .689

r . 5 4 7
r . 5 2 6
t .499
r .484

1 . 4 6
r .397
1 .379
t . 3 7 5
1 .331

I .304
r .282
1.248
1 .2 t4
1  .185

1 .152
1 . 1 3 0
1 . 1 0 8
r.097

22
t6

7

1 .930
1 .891
1 . 8 5 9

I .848

1.826
1 818
r . 7 9 +

1 .737

1.693

r.528
1 .505
1.480
1 .458

1.644
1 . 5 8 8
1 . 5 2 2

10

13
I . )

4

1 5
4
6

3
8

10
8
6
9

1 .639
1 . 5 8 3

6
5
6
7

10

7
A

6

4
5
4
A

9

sharp. The optic angle was measured by using a universal stage and

represents the average of four direct measurements. Specific gravity was

measured on a Berman balance and represents an average on nine deter-

minations on several grains. Extreme measurements were 3.95 and 4.09.

A semiquantitative spectroscopic analysis of the celestite, was made

by John C. Hamilton of the U. S. Geological Survey and showed thefol-

Iowing impurit ies in per cent: Al 0.07, Fe 0.03, Ca 0.15 and Ba 3.0. The
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sample submitted for this analysis sti l l  contained some iron sulfide inclu-
sions even after careful handpicking; these inclusions although estimated
at less than 0.1 per cent by volume, based on a micrometer ocular meas-
urement, probably account for most or all of the iron found. part or all
of the aluminum may be due to clay impurity, although none could be
seen with a microscope. The specific gravity and indices of refraction of
this celestite are slightly higher than those of pure celestite (srSoa), no
doubt due to the 3.0 per cent Ba.

It is the optic angle of 55o, however, which poses a problem since the
barytocelestite series is reported to vary in 2v from 50o to 3zo 30' accord-
ing to winchell (1951). This is not an isolated instance of 2v anomaly for
celestite, for earlier unpublished work by one of us has shown that celes-
tite from the Cripple Creek District, Colorado, had a 2V of 51"*3. (by
universal stage) and thus the 2v reported for pure celestite. yet this had
a composition of 64 per cent SrSOr and 36 per cent BaSOa estimated from
the indices of refraction and confirmed by spectrographic analysis.

Black lustrous conchoidally-fracturing asphaltic material occurs inter-
grown with the celestite and very thin coatings of ir idescent iron sulfides
cover some of the celestite crystals. colorless calcite caps some of the
celestite and also is found free as small dogtooth spar crystals. rt was
checked optically and found to be uniaxial negative with co about 1.657.
Finally strontianite occurs sparsely as tiny tufts of acicular crystals
capping both calcite and celestite. These needles show parallel extinction
and are length fast; their optic sign is negative and their 2v is very small.
a is approximately equal to 1.516 and B and 7 are both close to 1.666.

Penacnursrs

Paragenesis is rather clear in this whervell ite occurrence, and the min-
erals are l isted from first-formed to last-formed:

celestite
pyrite and marcasite
asphaltic material
whewellite
calc i  te
strontianite

None of the crystals in this sequence show corrosion. The iron sulfides and
celestite are mainly contemporaneous, but thin iridescent coats of sul-
f ides on celestite indicate the sulfides to be later also. The occurrence of
both pyrite, marcasite and marcasite altered to pyrite suggests changing
conditions during the iron sulphide deposition. Asphaltic material,
partially intergrown with celestite, and also covering it, indicates its



W H EW ELLI T E AN D CELEST I T E 1265

early formation. whewellite clearly shows evidence of enclosing and

crystall izing around the celestite. Calcite was found capping celestite,

asphaltic -Ltt.r, and whewellite. Finally, strontianite caps both calcite

and celestite.
The association of whewellite with asphaltic material strongly suggests

that the oxalate part of the whewellite is of organic origin and is either de-

rived from the asphaltic material or from the same source as the asphaltic

material. This source is most probably the carbonaceous detritus ("car-

bonaceous trash") known to be present in the lower part of the Chinle

formation.
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