
TABLE 6. ANISOTROPIC TIIERMAL PARAMETERS FOR ESPERANZAITE

8,, 8,,8,,8,,8,,Bil

As 0.00161(7)
As 0.00214(7)
Ca 0.00243(9)
A1 o.oo18(1)
Na 0.0077(5)
F1 o.oo4o(4)
F2 0.002s(3)
oH 0.002s(5)
Ow 0.0032(4)
or 0.0013(s)
02 0.0020(4)
03 0.0032(6)
04 0.00ss(7)
os 0.0030(4)
06 o.oo4e(7)

0.oo r s8(7)
o.o0r45(6)
o.o018o(8)
0.001s(1)
0.0016(3)
0.0026(3)
0.oo2e(3)
0.0018(4)
0.0020(3)
0.0028(s)
0.0021(3)
0.0011(4)
0.0022(s)
0.0017(3)
0.0037(6)

o.0062(2)
0.0048(2)
o.oo82(3)
0.0070(4)
0.014(1)
0.012(r)
0.010(1)
0.007(2)
0.011(l)
o.ot4(2)
0.01s(1)
0.007(2)
0.004(2)
0.008(l)
o.oo8(2)

0

0

-0.0005(2)
0.0007(3)

0

0.0003(6)
o.0006(s)

0

-0.0007(7)
U

0.0004(6)
0

0

-0.0003(6)
0

0.0015(2)
0.0021(2)
0.oo2s(3)
0.0021(4)
0.003(1)
0.002(l)
0.0026(e)
0.003(1)
0.001(1)

-0.002(2)
0.003(1)
0.004(1)

-o.ooo(2)
o.oo4(1)
0.004(2)

0

0

-0.0007(3)
0.0007(4)

0

o.oo4(1)

-0.001(1)
0

0.000(1)
0

-0.003(r)
0

0

-0.000(r)
0

The form of the anisotropic displacement parameter is:

exp [-(fJ,, 
*ft 2 + B rr* I3 + I\3* P + lJ n* hk + [3 B* hl + I},ts* kl)f .
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Vafues of 10*Fobs and 10{'Fcafc
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\,'alues of 1O*Fobs and 10*Fca1c

Fobs Fcalc o (F)L
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Values of 10*Fobs and 10*Fcalc
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\ralues of 1C*Fobs and 1C*Fcalc
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62
'ia

B2
10 2
i1 2
122
03
13
23
33
53
63't3
93
34
44
94

10 4
05
35
65
UO
26
36
I-1
2-7
3-1
4 -'7
5-1
1 -6
2-6
3-6
4-6
5-6
8 -6
0-5
2-5

i019
200
,4 E,O

c,/ o

588
193
2'7 9
220

1035
909
486
730
390
'7 ,4 tr,

865
342
390

483
,|oL

330
251-
qdq

26i
195
2L0
526
527
296
29L
220
504
238
346
211
325
442
3'7 2
331
203
348
376
359
43r
EAA

2't 4
26r
?4 q

3'73
186

-LJ
22

9
I2
19
20
20
11

a

1i
17
L4
10
I1
18

'7

8

7

11
I

13
13
10
15
22

6
'j

10
1

11
B

15
9

13
10
27
18
71
10

.I

8

9
B

8

1,8

1B
I6
15
21
L6

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
tr

5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
6
6

6
6

6
C'

6
6
6
5

6

6

986 10
242 15
486 9
552 9
580 9
169 18
263 15
222 2i

L032 1i
9L2 9
/otr' 1a
tI9 9
401 13
160 9
87t_ 9
354 1s
389 15
,r 11 11
,4Etr. 1.4

75-q 9
311 13
231 Ll
t4 < i i

238 1E
t10 10
!i] 23
s18 13
s1c 72
281 . 18
31i 23
206 2'7
5Cr5 13
263 22
381 19
212 2L
304 18
441 15
361. 15
325 71
183 25
347 11
rL4 18
330 13
438 12
J=L IJ

235 L6
259 1"9

331 16
386 t2
iij 2c
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of l-0*Fobs and 1O*Fcafc

Fcbs Fcalc o (F)
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Fobs Fcalc o (F)

6
6

6
6
b

6

6
6
6
o
6

6
5
6
6
6
€,

{f

6

6
6
6
6
6
6

6
6

6

6

6
6
6
6
6

6

6
6

6

6
6
6
6

6
€,

6
6
6

5
6

6
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)
trt l
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5 -4 Ibl
I -4 -307
9 -4 349
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4 -J 4tr
5 --l 290
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9 -3 280

iL) -J Ll!
| - I /at

L2 -3 318
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1 a aaa
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J -I I:O
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1) -i )la
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4 0 274
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6028L
? n ?77
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11 0 5i4
014!6
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1 L t43

258
383
519

724
302
337
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314
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36i
468
2i5
4"71
3i9
258
L10
222
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7i5
583
165
591
961
513
343
239
*13 9
432
418
342
L29
207
i94
131
266
541
390
265
294
a1a

2'7'7
318

492
401-
379
624
221

536
370
351
206
26I
504
264
234
295
217
272
39s
t99
222
284
228
4 4'7
3 31_

269
3C9
446
355
384
421-
246
2-t2
zlL

23L
r84
2LL
265
255
4't2
551
21Cl
?5t
Ao2

867
3"/2
3' I
4i4
4 5n
625
353
J L:l

298
366
212
Aaa

343

1B
11

9

to
20
1:)
1_4

I
10
15
10

L2
1"0

13
15
22
I9
16
12

1
-i

15
8

10
9

,LJ

1,6
l5
I4
15
19
18
T6
27
23
L2

1

10

I4
8

74
1"2

Ld

T2
10
11

9
15

6

6

6
6
6
6
6
5
6

6

6
6
6

6
6
6
6

6

6

6

b
6

6
6
6

b

1
'l
1
'7

'7

1

7

1

1
'l
1
1
a

1
'7

1

1

1
'l
1

1
1

1
'l

5
1
B

9
10
i1

0
1

3
5
6
3
1

4
5
8

1

3
5
-l

9
0
1

3
5
6
2
5
0

1
0
1
2
4

5
B

10
0

1

2
4

5

'7

B

10
11

2
3
6

i
1

1

L
1

)
L

2
az

3

1

4

4
A

4
A

tr.

5

5
5

-'7
-1
-6
_A

tr

tr

_r,
tr

-5
-5
-A

A

_A

-A
-A
_A

A

A

-3

541 10
354 13
322 74
1v5 lr
240 18
499 13
ZLIL IO

2r3 )"7

305 l-5
IYV LI
178 20
392 14
thx / |

227 2A
249 76
243 23
446 L3
329 r O

305 20
JI.J ZU

4LC L]
f ta 1-Jtz ll
J90 _L O

394 15
20t 23
zdJ tt
/ 44 / /

204 23
16A .22
203 23
ZJO -LJ
246 1-6
Abz _r I
559 11
269 1-'7

355 16
39I L4
850 9
360 11
319 11
A1tr. 11

430 10
618 10
?1 q 1?
JIU 15
?10 1R

<</ | r'

235 16
439 10
JJJ



Values of 1O*Fobs and 1C*Fcal-c

n Fobs Fcalc o (F)

Pr ca

Fcbs Fca]c o (F)

19
1i2
ta
1I
,1 2
13
14
15
16
-/ 

.i

-3
-3
-1

-2
_)
-2
-z
-2
-2

-t

--i
-1
-i
-f

-1
-i-
-i
-i
--i
-1
-1

0

0

0
n

c
0
if

!
1

1

l_

i
I

;
a

a
2
3
3
3
3
3
3
?

3
3

lqJ

329
803
395

326
187
322
i46
224
231
2C4
457
8?3
3C6
629
1!8
644
293
?95
4C2
5i0
288
566
697
3C5
965
446
223
490
561
313
351
Jb4
797
229
290
12C]
5r- 3
496
385
3!1
535
538
zz4
319
22 A

250
342
444

2s3
303
825
381
42!
34'7
161
320
773
225
204
i aA

410
891
t9 I

6L2
713
652
332
806
A1E

530
303
570
690
293
955
453
aaa

490
556
355
335
360
191
r87
.)CA

122
519
482
362
306
539
538
794
311
J()4

245
4L4
451

18
I1
I

10
10
1i
L7
I2

8

I1
7'7
2i
15

8

\2
8

8

13
B

L2
11
11
13

8

13
J

1a

L9
I2

9
I2
L2
I2
)1
18
15
10
11
13
I6
1:)
12
72
2!
I4
1-1

20
I1
L5

i0
0
6

0
3

4

0
1

1

2
4

5

0

2
3
4

6

I
9
I
2
4
1
B

9
10

1

2
3
1
5
-l

I
9

i0
rJ

1

3
5
6

1

11
i2

0

5
7
9

11

3
4
4

5
5
5

-1
-7
-6
-6
-6
-6
-6
-5

E

-5
-5
-5

c

-5

-A
_A

_A
A

A

-3
-3
-3
-3
-3
-3
-3
-3
-3
-2
-2
-2
-Z
-2
-2
-2
-2
-2
-1

1

-i
-a
-1

292
696
441
249
262
2L4
368
280
5i5

2iI
458
506
20L
303
483
, r-

20r
2i6
318
240
I73
193
346
229
24r
232
346
370
174
256
336
1_B 4
3i2
614
2Ar
238
212
867
320
338
2'7 4
52Cl
2!L
225
298

z5Y
325
246

284
149
,4trO

243
28L
276
351
289
537
20E
206
460
513
212
J4 i

4t3
438
i'/ 7

241
330
214
764
!82
338
279
234
236
334
390
184
281
334
!68
325
685
208

265
817
37'i
336
252
571
233
235
303
264

246

2!
11
16
22
??

25
15
20
I2
19
22
74
74
20
15
11
T2
2A
23
I1
15
2!
tv
13
79
20
22
11
1i

8

15
L2
20
15
10
23
15
13

8

13
L2
15
1"2

24
23
13
I4
I1
15
27

1
"/

'7

7
1

1

8

8

8

8

I
8

d

8

8

B

8

E

I
8

I
8

8

B

8

E

I
8

d

8

8

B

:
o

I
8

E

8

8

I
8

8

8

B

8

8

8

8

8

I

?8
lio
1i2
?0'tL
12
13
14't5
16
18
?g
? 10
1 i,2
12
l3
14
78
't 9
7 i0'i0
1L
12
13
t5
16
1i
12
l1
78
lia
10
t7
12
13
14
15
16
11
1E



\ralues of 10*Fobs and 10*Fcalc
Pr 

^6

Fcbs Fcafc o (F) h Fcbs Fcalc o (F)

8

E

I
8

d

8

8

I
8

E

I
8

5

8

8

I
8

8

I
8

E

8

E

B

,1

:
o

Y

9
9

Y

9
9
9
9
9
9
o

J

9
J

9
9
9
9
9
9
q

00
2C
30
40
OU
70
80
90
11
3i
51
1!
91

l_1 1

72
22
32
52
12
82

10 2

33
04
L4
24
34
0 -'7
0-5
2-5
JE

6-5
B-5
0 -4
2-4

6-4
I -4

10 -4
0-3
2-3
I -?
6-3

LU -J
2-2
8-2
0 -1
2 -1-
4-L
€" -i
B-!

310
271"
604
L81
267

-348
206
281
835
216
714
614
250
381
164
308
r99
393
310

209
2'7 0
255
224
2C7
25r
2i2
435
370
513
298
343
J.L J
581
403
?qa
314
292
436
258
396
355
301
4rU4
A .'tr,

vot
J! |

564
570
366

295
219
591

2i8
358
198
284
833
260
-t68

oz4
264
390
465
304
iB6
41-4
J10

272
_L/O
251
227
240
195
302
244
451
384
525
3U4
360
330
596
407
372
408
321-
436
240
390
368
zt0
/ (o
4L4

r002
341
3c,2
ea A

365

480
537
4r4
242
280
614
187
206
aa A

243
21'7
zzl

305
188
359
450

4"7 3
213
32L
404
a1 A

L94
s50

36L
398
r97
237
265
101
268
1,96
553
478
311
A tr,1

207

238
293
505
301
224
662
EA J

501
225
304

46-/
551
398
184
299
589
3_43

2tl
234
))1
274
zar
294
L6i
391
448
329
476
257
323
432
302
491
ilL
534
530
367

220
254
269
oY4
28r
!94
535
457
370
453
1g?
522
255
309
dg5
336
116
658
533
497
208
326

13
11
L2
20
T5
11
23
23
24
18
l'7
27
L7
23
1-1

74
l1
I4
20
19
L4
16
13
24
11
1a
IL

15
72

-2r
L9
L1

Y

15
20
10
I2
L2
11
18
10
1B
15
1-2

18
18
10
t2
72
79
71

13
i-5

v
20
I6
\4
2I
1aLI

9
lo
10
11
2i
fl
72
t_o
27
I4
1B
25
25
18
2i
24
25
22

1_2

13
72
1'7

T6
T4
10
1"2

t_J
15
20
11
15
I2
13
17
11
13
10
74
10
11
I4

9 10 -1
900
920
930
940
960
9'70
980
9 10 0

921
902
922
932
942
962
903
923
943
963
924

10 Q -6
10 L -6
10 3 -6
10 4-6
-LU -L -5
1C 5 -5
10 1 -5
10 0 -4
10 2 -4
10 4 -4
10 5-4
10 1 -3
10 3 -3
1C 4 -3
10 5-3
IU I -J
1C O -2
10 I -2
1C 2-2
10 3 -2
10 4 -2
1_0 6 -2
LU I -Z
10 9 -2
LC 2-L
10 3 -1
10 9 -t
10 0 0
1_0 3 0

10 4 O



Values of 10*Fobs and 1O*Fcalc

Fnirc I'c:1,^ r"r/F\
- r* /

L

Page 10

Fobs Fcafc o(F')

10 6 0

10 9 0
10 1 1

10 2 i
10 3 i
10 5 1

10 0 2
10 I 2
1C 3 2
_tu L! I
10 5 2
ln A 

'10 1 2

10 0 3
10 1 3
11 0 -6
.L.L t-r -J
11 2 -5

11 2-4
LL 4 -4

11 0 -3
1t" 2 -3
.1 1 J -J

11 6-3
-LL b -J
11 0 -1
11 2 -i
1 1 A -1
1i 6 -1
11 I -i
11 0 0
11 2 0
11 4 0
11 6 0

11 8 0

11 0 1

11 4 1_

11 A 2
72 1-5
1,2 3 -5
12 0 -4
L2 7 -4
12 5 -4
IZ Z -J
1"2 3 -3
L2 4-3
12 0-2

368
2C9
2'7 6
26L
750

- 378
250
500
340

353
231
s55
2i2
2'i 0
285
318
2E9
258
6C4
414
208
.1 al

256
2C3
250
2ir
386
305
3'!1
2C5
2iB
364
460
517
332
522
39L
203
225
aA'>

2!6
327
rv!
276
r92
aa1

472
26r
L94

362
204
281
2s0
'/ 48
392
231
496
350
231
361
226
552
229
293
257
324
216
249
6L1
399
226
462
242
21"'7

260
203
362
333
32'7
202
228
350
463
521
353
3ZZ
353
21"9
226
z )"s
r92
294
i51
210
r3'l
112
474
24L
712

15
25
18
1'1

1C
16

,LJ

1-1

1-7

24
L4
24
22
1"7

t6
L1
19
11
13
22
11
I1
2l
1U

21
I4
15
T6
23
aa

16
13
1_2

77
13
I6
25
23
22
2i
16
22
18
23
19
T4
18
22

L2
t2
1"2

1,2

1"2
1t

l2
1"2

T2
T2
T2
I2
72
t2
L3
1_3

13
1_?

13
13

-2
-2
_L

-2
-2
-i
-t
-1
-l

C

0
i
la

l
-A
_A

-3
-3

-1

624
31-2
203
,4 q,o

511
4-t 8
380
346
331
222
209
s06
324
319
580
2L5
395
348
343
251

607
264
213
468
496
498
J IU
353
369
189
257
523
2(tA

294
566
256
396
3s3

251

11
15
'>A

1A

13
13
15
I1
1B
22
z3
14
18
1B
I2
23
15
16
1'7
20

1

2
A

q

i
0
1

;
1

3
0
1

3
0
1

2
4

2
4
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ESPERANZAITE, NaCazAlz(As5*O+)2F4(OH)'2H20'

A NEW MINERAL SPECIES FROM THE LA ESPERANZA MINE, MEXICO:

DESCRIPTIVE MINERALOGY AND ATOMIC ARRANGEMENT
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Assrnacr

Esperanzaite, ideally NaCa2A12(As5*o4)2F4(oH).2H2o,2=2,\s anew mineral species from the La Esperanza mine, Durango

State, Mexico. The mineral o"*., ur ttu"-gieen botryoidal crystalline masses on rhyolite,.with separate spheres up to 1.5 mm tn

diameter. The Mohs hardn"r, ir 4rlr, and th! specific gravity,5.24 (obs.) and 3.36(3) (calc ). optical properties were measured in

589 nm light. Esperanzaite is biaxial (-), X= i'= z=iolorless, cr 1.580(1), I 1.588(1), andt 1.593(1);2%u. is 74(1)' and2V,*

is 76.3". The dispersion is n]edirlm, r < v, and the optic axes are oriented a^ccording to a n Z = +50'5"'

b = y, c /\x = +35". The strongesr five X-ray-diffraction maxima in the powder pattem [d in A(IX/zkl)] are: 2.966( 100)(13i, 311'

oztj,'z.szirsox220D,2.1OOO6)Q21,002,0;0), 5.364(80)(001,020) and 4.796(80)(011). Esperanzaite is monoclinic, a 9.687(5)'

b10.'73ig(6),c5.5523(i)n,plos.iztrl",rpu""group P2lm.Theatomicarrangementof esperanzaitewassolvedbydirect

methods and Fourier analyr* in = o.o:i;.'The Funiamental iuilding Block (rBB) is formed of [001] stacks of heteropolyhedral

tetramersi the tetramers are fbrmed of two arsenate tetrahedra and iwo Al octahedra, corner-linked in four-member rings' The

FBBs are linked by inegular NaS5 and CaS3 polyhedra'

Keywords'. esperanzaite, new mineral species, crystal structure, La Esperanza mine' Durango' Mexico'

SOIVrrueinp

La esp6ranzaite, dont la composition id6ale serait NaCa2A12(Assno+)zF+(oH).2HzO, z = 2, est une espdce min6rale nouvelle

d6couverte d la mine La Bsperanza, dans 1'6tat de Durango, au Mexique. II s'agit d'un min6ral bleu-vert se pr6sentant en amas

Deceased January 1998.

E- mai I add re s s: hughesjm@ muohio.edu



TABLE T.OBSERVED AND CALCIILATED STRUCTLIRE FACTORS FOR
ESPERANZAITE



Values of 10*Foos and 1O*Fca]c

h Fcbs Fcafc o (F)

Page

Fobs Fcalc o(F)

0
C

0

0
0
0
0
0
c
0
0
c
C

0

c
0
0
0
0
C

0
0
C

0
0

0
0
C

0
0
C

0
0
0
0
0
0

0
c
0
0

0
0

0
0
0
C

0
0

0

20
4C
60
80

10 0

iz0
i40
01
11
2I
31
67
.-t 1

31
9i

i-0 i
!2i
r_3 1

02
L2
22
32

52
62

i.2 2
13
23
33

53
63
i3
a3
93

i0 3
723
04
24
34
44

84
i0 4

11 4

05

35
55
65

7i0
10 54
2r1 3

880
ic6
€50
rtbo

505
923
918
513
350
492
.4 q1

306
262
22r

!364
370

369
aE,A

2L7
831
Aaa

611
785
OC.A

553
185
442
ti a

3't I
298
426
299
268
636
234

1090
269
aNz
616
195
356
2s6

241
368

691
L029
Z Li J

858
1 1_6

841
4B\
584
486
902
951
540
371

4i7
328
263
226

1"319
369
_333
358
,41

209
858
421
61- 9
193
84!
552
i_] 9
446
421
369
303
420
293
280
639
23-i

1083
278
AOA

683
723
350
26i
4L9
238
360

328
233
393
414
258
523
404
301
290
244
244
240
44L
4'7 2
420
200
379

297
444
332

517
4J I

500
361

180
t82
292
289
158
582
225
560
310
L93
241
203

i 195
391

i n4 q

193
qdq

640
501
27'l
330
r32
69r

310
t4J
403
Llzz
260
519
396
303
298
226
i87
22"7
459
419
426
201
295
4i0
2'7'7
452
320
Aa-1

525
422

383
659
i9c
276
288
305
!.tv
5,1 2
2L5
573
316
i Ac

288
IB9

118 0
39€,

-LUOJ
r/4
s59
624
505
a na

342
L36
595

3B
2L
zz
30
)a
L4
zo
20
2i
22
z3
LV
73
1a

I4
24
16
16
15
11
74
I2
L2
14

9
I2

t
27

.27
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