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Arsrnacr

Heinrichite, Ba(UOr)r(AsOr) z. 70 12HzO, and metaheinrichite, Ba(UODz(AsOr)z 8HgO,
occur as tabular, yellow to green, fluorescent, transparent to translucent crystals belonging
in the tetragonal system. Optically the minerals are uniaxial (-), sometimes anomalously
biaxial with 2V up to 20'. The refractive indices of heinrichite are: o:1.605*0002 and
e :1.573+0.002 Those for  metaheinr ichi te are:  o:1637+0.001 (1.641 +0.002 for  the
mineral from the Black Forest, Germany) and e:1.609*0.002. The calculated specific
gravity of metaheinrichite is 4.09 and the measured specific gravity is 4.04. The space
group of metaheinrichite is P42, P4z/m, or P4222; os:J.Q7 A, cs:17.74 A,
and  a6 : r s :  l : 2 . 509 ,  Z :2 .

The minerals have thus far been found near Lakeview, Oregon, and in the Black Forest
of Germany They are named for Professor E. William Heinrich, University of Michigan.

INrnooucrtow

In his description of the uranium deposits of the central Black Forest,
Germany, Kirchheimer (1952, p.56) mentioned a yellow secondary ura-
nium mineral which he called meta-uranocircite or a similar barium uranyl
arsenate. Bii ltemann (1954, p. 160) confirmed this, stating that he found
smali crystals of a secondary uranium mineral containing barium, urani-
um, arsenic, and water on specimens from the Anton mine. Walenta made
a more thorough investigation of the Black Forest material which he
described in an unpublished, preliminary report (Walenta, 1958).

In 1956 specimens of a mineral from the White King mine, Lakeview,
Oregon, originally believed lo be novacekite, were sent to the N{ineralogy
Laboratory, U. S. Atomic Energy Commission, Grand Junction, Colo-
rado, by E. K. Thurlow, Salt Lake Exploration Branch, Atomic Energy
Commission, and H. B. Wood, Geologic Branch, Atomic Energy Com-
mission, Grand Junction. A spectrographic analysis of this mineral
showed the presence of major amounl-s of barium, uranium, and arsenic.
The material studied in the Atomic Energy Commission l{ineralogy
Laboratory was taken from ore shipped to Climax Uranium Company,
Grand Junction.

x Present address: 755-15th St., Boulcler, Colorado.
** Present address: Box 17. Ourav. Colorado.
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In his preliminary report Walenta called the minerals sandbergerite
and metasandbergerite (Walenta 1958, pp. 4-7, Guil lemin and Permin-
geat, 1958, pp. 68-69). Simultaneously Gross, Corey, and Nlitchell named
the minerals heinrichite and metaheinrichite, for Professor E. Will iam
Heinrich, Department of l{ ineralogy, University of I,I ichigan. The names
heinrichite for Ba(UO)r(AsO+)2. 10-12H2O and metaheinrichite for the
lower hydrate with 8H2O have since been accepted by all the authors.

Both hydrates are common in the Black Forest material. Only traces
of the higher hydrate were found during the study of the minerals from
Oregon because heinrichite dehydrates readily to metaheinrichite and the
laboratory investigations took place under conditions of low relative
humidity. Only freshly broken crystals showed the lower refractive in-
dices and these fragments very shortly dehydrated.

OccunnBNcn

Heinrichite and metaheinrichite are found in the White King mine'
sec. 30, T. 37 S., R. i9 E , approximately 74 miles northwest of Lake-
view, Lake County, Oregon (Fig. 1). The minerals coat fractures and line
vugs in l ight gray, altered, sil icif ied rhyolite tufi. They are present at or
near the surface, while at greater depth the uranium mineral is coffinite,
which is associated with orpiment and realgar.

In the central Black Forest, heinrichite and metaheinrichite have thus
far been discovered at three different localit ies: Wittichen (Sophia mine),
Anton mine near Schiltach, and Reinerzau. They occur as small crystals
and coatings of scaly aggregates on granite and on the gangue minerals,
barite and qtrartz. They are formed from the alteration of pitchblende, a
primary constituent of the Co-Ni-Bi-Ag-U veins of the region, and are

Frc. 1. Map of Lakeview, Oregon, and vicinity, showing location of
the White Kins mine
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associated with other secondary uranium minerals, mainly zeunerite and
novacekite, and with erythrite, arseniosiderite, and pitticite.

Pnysrcar awn Oprrcar, Pnopnnrros

The physical appearance of heinrichite and metaheinrichite crystals
(Fig. 2) is identical. The crystals are transparent to translucent and yel-
low to green in color and have a vitreous to pearly luster. The minerals

Frc. 2. Tabular crystals of metaheinrichite in vug from Oregon. X50.

f luoresce bright green to greenish yellow under short and long wave ultra-
violet l ight.

The crystals from Oregon are tabular {001 } and are up to one mm. on a
side, and not more than 0.1 mm. thick. Cleavage is perfect on {001} and
dist inct  on {100}  (F ig.3) .  The forms observed are {001} ,  {100} ,  and
11101. Crystals from the Black Forest show the same cleavage and the
same forms, but in part are elongated along a horizontal axis so that in
their aspect they resemble the monoclinic bassetite crystals described by
Frondel (1954, p. 348).

The hardness is 2.5. The calculated specific gravity of metaheinrichite
is 4.09. A specific gravity of 4.04 was measured on material from Oregon
dried at 110' C. using kerosene and a 10 ml. Leach pycnometer. Repeated
grindings and separations using acetylene tetrabromide failed to elimi-
nate a small percentage of host rock so that the measured value is slightly
lower than the calculated one. Attempts to measure the specific gravity of



I]EINRICHITE AND METAHEINRICHITE 1137

'I'lslr I. Oprrcer, PnoprnrtRs ol HnrNmcnrrr aNo MetA.HelNRrcHlrE

Black Forest Oregon

lleinrichite

Ref ractive indices Pleochroism

o: 1.605 +0.002, pale yel low
€: 1. 573 + 0.002, colorless
Uniaxial (-), sometimes anomalousll' bi-
axial with 2V up to 20'.

Refractive indices Pleochroism
I

@ : - - - - -

e:  1 .  574+0.001,  co lo r less
Uniaxial (-), sometimes anomalously bi-

axial.

l\{etaheinrichite

o:  1.641 +0.002,  pale yel low

e: 1.609 +0 002,  color less

Uniaxial (-), sornetimes anomalously bi-

axial with 2V up to 18".

o: 1.637 +0.001, pale yel lor 'r '
e :  1 .609+0.001,  co lo r less
Uniaxial (-), sometimes anomalously bi-
axial with 2V up to 10o'

the Black Forest minerals failed because of

available.
The optical properties of heinrichite and

Table I.

the small amount of material

metaheinr ich i te are g iven in

Frc. 3. Cleavage fragments of

showing traces of

metaheinrichite from Oregon tying on (001)'

(100) and (010) cleavages. X100'
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CouposrrroN

Two semi-quantitative spectrographic analyses of metaheinrichite from
Oregon are given in Table II. The results agree closely with those of the
chemical analysis (Table III) . No phosphorus was detected in the hein-
richite and metaheinrichite from the Black Forest, but a small quantity
of copper was detected in some crystals.

The ideal formula for metaheinrichite, Ba(UO)r(AsOa)2 gH2O, was
derived from the recalculated chemical analysis given in Table IV. It

Tasr,B II. Srnr-Quaxrrrerrvr' Sprcrnocn,q.pnrc ANnrysrs ol
N{rrennrNnrcnrrE r.RoM OnBcou

Iilement
( 1 )

%
(2 )
d
/o

AI
Fe
rtg
Ca

. 3

. . t

. l J

.03

. 0 7

. 3

. . t

. 1

.003

. 1

P
Na
K
Ti
\ {n

r . . ) 1 . 0
< . 0 1

.003

.001

.003

As
Ba
Bi
Cu
Pb

1,{
\I
< 1

. 0 7

. 7

M
M

.003
1 . 0

N{

Sb
Sr
U

< . 1

N{
.003

M: Major constituent, greater than 10/6
-: Not looked for.
Looked for, but not detected: Ag, Au, B, Be, Cd, Ce, Co, Cr, Cs, Dy, Er, Eu, Ga, Gcl,

Ge, Hf, Hg, Ho, In, Ir, La,Li,Lu, Mo, Nb, Nd, Ni, Os, pcl, pr, pt, Rb, Re, Ru, Sc, Sn,
Sm, Ta,  Tb,  Te,  Th,  Tl ,  Tm, V,  W, y,  yb,Zn,Zr.

(1) Analyst, Nancy Conklin: U. S. Geological Survey, Denver, Colorado. Figures are
reported to the nearest  number in the ser ies 7,3,1.5,0.7,  0.3,  0.15,  etc.  in per cent .  Sixty
per cent of the reported results may be expected to agree I'ith the results of quantitative
methods.

(2) Analyst: Katherine Y.Hazel, U. S. Geological Survey, Washington, D. C. Figures
are reported to the nearest number in the series 10, 3, 1, .3, etc. in per cent. Eightyper cent
of the reported results may be expected to agree with the results of quantitative methods.
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was assumed that some phosphorus has substituted for arsenic, and

calcium for barium. The phosphorus and calcium were therefore re-

calculated as arsenic and barium respectively.
The portion insoluble in (1*3)HCl is rhyolite tuff carried down by

metaheinrichite in the heavy separation. The role of lead and carbon

dioxide is not known and they were also eliminated in the calculation of

the ideal formula. It is assumed that most, if not all" of the HrO(-)
(Table III) is zeolit ic or adsorbed water since the material dried at 110o

C. gives an tr-ray powder pattern identical to that of the undried material.

TaeLE III. Cnnurc.tr- t\Nar,vsrs or MBr',umttucr{rrE lRoM Ontc-ol+

Analyst: Robert Me]'rowitz, U. S. Geological Survey

Constituent % Note

BaO
UO:
As:O;
P:O;
Pbo
CaO
CO:
H:O
Insoluble, (1+3) HC1
Total
H:O( - )

1 3  . 3
.52 .5
1 5  . 8
2 . 4
0 . 9
0 . 1
0 . 6

12.2
1 i

1o0.2
10 .  6

e, lt,
d ,  h
'1.

J , h
c , h
g , h

J
J
b, tt

a r h

Nr-rtes:
a.  Dr ied to constant  weight  at  110*5 degtees C.

b. Insoluble determined by dissolving sample with cold (1f3) HCI' Residue fi1terecl,

lvashed with dilute HCI and water, ancl weighed to constant rveight at 110*5 cle-

grees C.
c. Lead determined as sulfate {ollowing separation as PbS after removal of arsenic.

rJ. Uranium determined spectrophotometrically by ammonium thiocyanate procedure

in acctone-waler  medium.

e. Barium separated and determined as sulfate.

/. Phosphorus determined spectrophotometrically by molybdenum-blue procedure us-

ing stannous chloride as reducing agent.
g. Calcium determined by flame photometry (wave length:554 mp).

i .  Sample s ize for  HzO(-) ,  (1+3) HCI Insoluble,  PbO, UOr,  BaO, P:Oa, and CaO de-

ternrinations lvas approximatelv 52 mg

z. Arsenic separated by distillation as AsClx, following reduction by hydrazine sulfate

and potassium bromide, and determined by titration with potassium bromate ltsing

p-ethoxirchrysoidine as indicator. Sample size was approximately 29 mg.

/. CO: and HrO cletermined by use of a microcombustion train, after decomposition

of sample by i*tti,tott at 900 degrees C. in a stream of oxygen. Sample size was ap-

prorimately 30 mg.
The procedures used were selected on the basis of the semiquantitative spectrographic

analysis by Katherine V. Hazel, given in Table II.
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Tesln IV. Connocron ANerysts or MnrenorunrcrrrrE r,RoM OnBcoN

Constituent
I

Corrected Analysisr
o//o

I I
Analysis I

corrected to lOO/6

%

III
Ba(UODz(AsOc)z 8HrO

ol
/o

BaO

UO:
As:os
HzO

Total

l J . o

5 2 . s
19.7
12.2

9 8 . 0

1 3  . 9
J J . . )

20.r
12.5

100 0

13.94
52 .05
20.90
1 3 . 1 1

100.00

I Analysis of Meyrowitz (Table III), after elimination of pbo, COr, and Insoluble, with
P:Os calculated as As:Os and CaO calculated as BaO.

\{etaheinrichite is a member of the torbernite group. Table V gives a
comparison of metaheinrichite and its analog meta-uranocircite, another
member of the group.

No chemical analysis was carried out on heinrichite. The formula,
Ba(UO)r(AsO4)2'10-12H2O, is assumed on the basis of the similarity of
its r-ray powder pattern to that of zeunerite, Cu(UOz)z(AsO4)r. 10-12HrO.

Tlrr,n V. Coupanrsom or, Dere r.on Mn:rlgptNRrcr{rrE
eNo Mlre-uneNocrRcrrE

Metaheinrichite Meta-uranocircite

Composition

Specific gravity

Optical

Space group

Cell values

oo', co

Z

Ba(UO:)r(AsOr)z SHzO

4.09 (calc.)

4.04 (meas.)

Uniaxia l  ( - )

P42, P42fm, or P4222

a o : 7 0 7 4
co :17  . 74  h

l : 2 . 5 0 9

2

Ba(UOz)r(POq): 8HrO1

4 .10  ( ca l c . ) 2

4.08 (meas.)B

Uniaxial (-)

P4222

do :  6 .98  Aa
c o : 1 6 . 8 5  A

1 i 2 . 4 1 6 4

I Called "meta-uranocircite" by Strunz (1957).
2 Data from Donnay and Donnay (1955).
3 Data from Nuffield and Milne (1953).
a Data f rom Strunz (1957).
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X-ney Derrl

l 'ragments of Oregon metaheinrichite exhibit ing {001} and {100}
cleavages were easily oriented ior r-ray study. Good o axis rotation
photographs as well as 0-1, l-1,2-1, and 3-l Weissenberg photographs were
made using a camera of 5.73 cm. diameter and unfi ltered Cu radiation. In
addition to these, c axis 0-1, l-1, and 2-l precession photographs were made
using the same radiation. A study of these fi lms showed that the system
is tetragonal. The space group appears to be either P42, P42m, or P4222,
since the only characteristic missing reflections are 001 when l*2n. A.t

'IaerE 
VI X-nay Powonn Der,r oN MoranorNnrcnl'rE lRoM OnBcoN

d(calc.) d(obs.)
5 , \

d(calc.)  d(obs.)
A A

002 8.87
100 7 .07
101  6 .57
102 5.53
110  5 .00
1 1 1  4 . 8 1
004 4.+4
104  3 .76
200 3.54
20r 3.47
202  3 .28
1 0 5  3 , r 7
203 3.03
tzz  2 .98
115  2 .89
123 2.79
106  2 .73
t24 2.57

205,220 2.50
1 r 1  n  / 1

125 ,300  2 .361
301 2341
302 2.28

131 ,008  2 .22
224  2 .18
132  2 .17
126 2.16
108  2 .12
133 2.09
304 2.08

1 1 8
127

1()< t lr l

231
2 3 2 , 2 2 6

233
z,t+

00. 10, 400
401

2.02  mw

1 . 9 7  v w

1 . 9 5  v w
1.92 vw
1 . 8 6  w
1 . 7 9  v w

1 . 7 6  r v
1 . 7 2  w
1 . 6 7  m w
| . 6 1  v w
1 .60 vvr\r
1 .58 m\4'
1 ..5.5 vw
1 . 5 3  v v w
1 . 4 8  w
1 .45 \v
1 42 \\r
1 . 3 9  v w
1 . 3 8  v w
1 .36 vvw
| . 3 4  v v w
l . J l  w

1.28 vv\ \ i
1 . 2 7  v w
1 . 2 5  w
f - z J  w

1 . 2 2  v w

8 . 9 0
7 .08
6 .  5 6

4 . 9 9
4 . 8 1
4 . 4 2
J .  / . )

3 . 5 5
J . + /

3 . 2 8
3 . 1 7
3 .05
2 . 9 8
2 8 9
2 . 7 9
2 . 7 2
2 . 5 7
2 . 4 9
2 . 4 1

2 . 3 5

2 . 2 8
2 . 2 2

2 . 1 7

2 . t 2

2  .08

VS

mw
M S

m

I11S

S

ms
mw
InS

m

mw
mw

nlW
rn\Y

2 .03
1 .98\
r .e6 l
I  . 9 5
1 . 9 1
1  . 8 6
1 . 7 9
1 . 7 7
l .  / 0

m

m\{

vs very strong) s strong, ms medium strong, m medium, mw medium lveak, w weak,
vlv very weak, vvw very very v'eak.
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first the hk\ reflections also appeared to be missing when hlkl2n,b:ut
closer inspection revealed that some of these reflections are present'
though weak. Approximate unit cell values, which were of great value in
the init ial indexing of powder fi lms, were also obtained from these singie
crystal f i lms.

Taer,n VII. X-nlv Pownrt Dera olt HntNnrcnrtn al-o

MptlrrrirNnrcnrrE rRoM rrrn Blecr FonBst

Heinrichite

t l (obs.)  A d(obs.) A d(obs). A

8 8 9
5 .03
4 .50
3 . 5 7
3  .38
2 . 7 7
2 . 5 3

8
E
1

10
7
1
2

5
5
1
1
1
1
I

2 . 2 5
2 . 1 1
| . 9 4
1 868
1 .802
1 . 7 3 3
1 . 6 7 9

1 . 5 9 3  2
1 ..534 2
1 .204 2
1 . 1 6 4  2
1 . 1 5 0  2
t . 1 2 6  2

Except {or thO strongest lines in the first part of the photographs, the lines are rather difiuse

Metaheinrichite

9 . 2 6
8 .5.5
J . + _ t

4 . 9 6
4 . 3 6
J . / l

3 . 5 2
3 .45
3 2 7
3 1.5
3 0 1
2 . 9 6
2 . 7 5

2 . 7 0
2 5 7
2 4 8
2 4 1
2 . 2 2
2 . 1 5
2 1 0
2 0 2
| . 9 6 6
1 . 7 6 3
r . 7 0 9
| 676
1 . 5 7 9

4
10

2
()

1 0
5
1
6
1
1
3
1

4
2
1
4

5
A

1
.)
1
3
z
J

J

1 4 8 1  3
| . 4 4 9  2
1 4 2 2  3
1 . 3 8 5  2
1 . 3 1 6  1
1 . 2 7 6  1
1 . 2 5 3  2
t . 2 3 7  2
1 . 2 1 8  1
1 . t 7 9  2
| . 1 2 1  2
1 1 1 0  2
1 . 0 9 8  2

The measured r-ray powder data on Oregon metaheinrichite, I isted in
Tabie VI, represent the average of values obtained from three fi lms made
with CuKa radiation in three difierent cameras, each with a diameter of
11.46 cm. After the fi lms were partly indexed, using approximate unit
cell values determined from single cryslal data, the do and d0 constants
were further refined using the powder data. The final values obtained are
a0 :7 .07  A  and  co :17 .74  A ,  w i t h  on tcu : l : 2 .509 .  Us ing  these  va lues  an
excellent correlation was obtained between the observed and calculated d



HEINRICNITE AND METATIEINRICITITE 1143

spacings. In the study all possible d values down to 1.21 A were calcu-
lated. This resulted in a l ist ol I92 hkl reflections. In Table VI only cal-
culated values down to 1.76 h are included. Beyond this point the num-

ber of calculated values which corresponds to any one observed value is

so large that the inclusion of these data seems pointless. All 'values ob-
served for the fi lms have their correspo-nding calculated values except
for an extremely weak reflection at 4.09 A which lvas not on all the fi lms

and which is probably due to an impurity. Using a molecular weight of

1099.32 for Ba(UO)z(AsOa)z'8H:O and a measured specific gravity of
4.04, with the unit cell dimensions determined by t-ray study, it was

determined that Z:2 (calculated value, 1.96).
X-ray powder data for heinrichite and metaheinrichite from the Black

Forest are given in Table VII. These fi lms were obtained using FeKa
radiation and a camera of 5.73 cm. diameter. XIost of the difierences be-
tween the data for metaheinrichite from the Black Forest and that from

Oregon are smaller than possible error in l ine measurement.
The similarity between the r-ray data for metaheinrichite and its

analog meta-uranocircite is i i lustrated in Table V.
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