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The crystal structure of a Mexican axinite
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Abstract

A new occurrence of axinite and its chemical composition is reported. A three-dimensional
X-ray diffraction structure analysis was carried out using 3124 observed structure amplitudes.
The refinement converged to R = 0.019, wR = 0.030. The Mg?*, Mn**, and Fe** ions occupy
the distorted “Fe” octahedral site; the bond distances and angles are essentially unchanged

from those reported by Takéuchi et al. (1974).

The crystal chemistry and structure of axinites
have received extensive attention, and correlations
have been derived between their physical properties
and chemical composition [Lumpkin and Ribbe
(1979), Takéuchi et al. (1974)]. Axinite has not been
previously reported from Mexico, and we describe
such a location, the crystal structure of the mineral,
and comment on its cation distribution.

The location is in the Vinagrillos hills about 8 km
east of Mapimi, in the state of Durango, in an old
lead-silver-zinc mining district known as “QOjuela.”
The specimens were picked from a deposit on the
north side of the highway connecting Bermejillo and
Mapimi (103°47'W, 25°52’N). The axinite occurs as
concretions in rounded to irregular shapes, ranging
up to 20 cm in diameter. Less common is the occur-
rence of the mineral in 5 cm thick bands and lenses.
The crystals are honey brown to brown, and the best
crystals develop towards the interior of concretion
zones. The rock is vesicular with open spaces varying
from 2 to 4 mm. The crystal size varies from about
0.1 mm to 1.5 mm. The host rock is limestone or fine
sandstone of marine origin and is part of the Caracol
formation, Coniacian age (late Cretaceous). The area
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shows an early tertiary intensive igneous activity with
the main system consisting of dacite and latite intru-
sive bodies. The geology of this part of Mexico has
been described by Clemons and McLeroy (1965).
The chemical analysis (Table 1) gives the chemical
formula (Tio.01Ko0suNag ;Mng6Fe, 10Mgos7)Cas g0
(Al 5Fe015)(OH), 56B, 5651504034, The oxygen defi-
ciency of 0.66 is probably within the experimental er-
ror of the analysis; the alkali metal ions and TiO,
may represent small amounts of admixed impurities.
An amber crystal of about triangular cross-section
having sides of 0.4 mm and 0.2 mm was used for os-
cillation, Weissenberg, and precession X-ray diffrac-
tion photographs to determine unit—cell parameters
and space group. The preliminary data agreed with
those previously published. The crystal was trans-
ferred to a Syntex P2, single-crystal diffractometer
and X-ray diffraction data to a value of 26 = 60°
were collected, using MoKa radiation monochroma-
tized with a graphite crystal. The data and lattice
constants were determined at —35°C. A least-squares
refinement of 60 reflections whose 20 values were
precisely determined in the range 25° < 26 = 30°
yielded the lattice parameters: ¢ = 7.1437(4), b =
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Table 1. Chemical analysis of axinite from Durango, Mexico

Weight % Weight %

5i0, 43.14 B,0s 6.12
A1,04 16.70 MnO 1.66
Ca0 19.76 Na,0 0.36
MgO 1.34 X,0 0.23
Feo 7.12 Ti0, 0.10
Fe,0; 1.28 7n0 0.04

H.0" 1.56

9.1898(6), ¢ = 8.9529(4)A, a = 91.857(6)°, B =
98.188(5)°, y = 77.359(4)°, P1. The intensities were
corrected for Lorentz, polarization, and absorption
using p, = 28.62 cm™'. The absorption correction
ranged from 0.54-0.62. Estimated errors of the in-
tensities were calculated from

() = SJL, + 1/R(I;, + 1),

where I, = number of counts accumulated during
scan of peak, Iy, = background counts on low 26
side, Iy, = background on high 28 side collected for a
time equal to that on the low 28 side, S = speed of
scan in deg/min, and R = ratio of total background
time/scan time.

The positional parameters given by Takéuchi et al.
(1974) were used as starting parameters in a least-
squares refinement for the structure, and it quickly
refined to R = 0.032 and wR = 0.061 for 3124 ob-
served amplitudes, using anisotropic temperature
factors except for H and an extinction correction of
2.66 X 107°. The hydrogen atom was located from a
difference electron density map. The refinement was
based on the assignment of unity for the occupancy
factors for Al and Fe in their respective crystallogra-
phic sites. The difference electron density map and
the temperature factors indicated that Al(1) and Fe
site occupancies were not quite correct. The Ap map
showed positive density with a peak of 0.4 e"A~* at
the Al(1) position and a negative density of 1.75
e A~ at the Fe site. A refinement on only the occu-
pancy and temperature factors for these two atoms
converged to 1.025(3) for the Al(1) site and
0.8734(15) for Fe, and R dropped to 0.023 and wR to
0.035. As a control, the occupancy and temperature
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factors for Al(2) were also refined. The temperature
factors remained unchanged and the occupancy fac-
tor converged to 0.994(3). A least-squares refinement
was then carried out, in which all 243 parameters
were varied and convergence was obtained after two
cycles. The final R = 0.019 and wR = 0.030 for 3124
reflections. The scattering factors were for the neutral
atoms Ca, Fe, Si, Al, B, O, H (International Tables,
1974, p. 71, 148). Ca and Fe were corrected for the
real and imaginary components of dispersion (Int.
Tables, 1974). The final parameters are shown in
Table 2 and compared with those reported by Také-
uchi et al (1974). The agreement is excellent, al-
though our standard deviations are about an order of
magnitude smaller than those previously reported.
Table 3 lists the F, and F. amplitudes.' Table 4 con-
tains bond distances, with the values obtained by
Takéuchi et al. (1974) also shown for comparison;
bond angles are not shown but they are also in ex-
cellent agreement.

The occupancy factor 0.859 for the Fe site implies
that an average scattering power of 22.3 electrons is
present at that site. The deviations from unity for the
Al sites are barely significant and the sum for both
sites is essentially 2. Thus the Al sites can be consid-
ered fully occupied and the deficiency shown in the
formula based on the chemical analysis may be due
to experimental error in the ALO, determination.
This deficiency in Al,O, would also account for the
0.66 deficiency in O. A small amount of Fe’* may be
in the Al(1) site. However, we believe that the Fe,0,
reported in the chemical analysis may be due to the
oxidation of Fe** during analysis and that all of the
Fe, Mg, and Mn are in the Fe site. Such an assign-
ment leads to an effective scattering of 23.2 electrons,
in excellent agreement with the X-ray result. The
chemical formula based on our structural results is
(Fe,Mg,Mn),Ca,ALB,Si;0,(0OH),. The calculated
density based on this formula is 3.288 g/cm’; a den-
sity of 3.24 g/cm® was measured by displacement in
benzene.

The structure reported by Takéuchi et al. (1974) is
consistent with our results. The crystal structure has
remained invariant even though the Mg-Fe-Mn con-
tent of our sample differs from theirs (Lumpkin and
Ribbe 1979, Table 2, specimen 35).

1 To obtain a copy of this table, order Document AM-81-153
from the Business Office, Mineralogical Society of America, 2000
Florida Avenue, N.-W., Washington, DC 20009. Please remit $1.00
in advance for the microfiche.
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Table 2. Axinite. Positional parameters (x 10*) and anisotropic thermal vibrations* (x 10%). Standard deviations are in parentheses.
Parameters reported by Takéuchi ef al. are shown below those obtained in this refinement

Atom x y z 11 B22 B33 B12 f1s B23
Fe*® 7677.0(.4 5914.5(.3 1126.4(.3 210(6 245(4 196 (4) -68(3) 7(3) $9(2)
7687 Es}) 5904 ES]) 1120 ESJ} 215Es} zex%s; 153(5) -126(5 -2(5) 113(5)
Cal 7465.1(.5) 3481.6(.4) 3949.3(.4) 234(6) 147(4)  191(4) -40(3 -30(4) 28(3)
7465 (6) 3480 (6) 3856 (6) 2315101 rsEe) 129(6) -27(6) -95(6) sz(g)
Ca 2 1829.4(.5) 1004.4(.4) 837.1(.4) 364 (6) 185(4)  182(4) -93(4) -77(4) 13;(5)
] 1831 (&) 1006 (6) 837 (6) 235510) 130(6) 114(6) -167(6) -242(6) 7( )
sil 2104.9(.6) 4498.6(.5) 2337,3(.5) 202(8) 100(5)  110(S) -43(5) -13(5) (4)
2120 (8) 4502 (8) 2356 (8) 114(13) 57(8) 44(8) -76(8) -64(8) 9(6)
Si 2 2189.1(.6) 2746.1(.5) 5231.7(.5) 149(8) 99(5) 107(5) -4155) -5(5) 3(:)
] 2189 (8) 2748 (8) 5242 (8) 91(13) 45(7) 41(8) -49(8) -38(8) 6(6)
Si 3 6987.4(.6) 2566.8(.5) 114.8(.5) 200(8) 163(5) 100(S) -20(5) 5(5) 16 (4)
6995 (8) 2553 (8) 112 (8) 142(13) 66(8) 12(8) -28(8) -39(8) 18(6)
Si 4 6415.4(.6) 180.7(.5) 2304.2(.5) 163(8) 113(5) 103(S) -46(5) 11(5) -0(4)
. 6413 (8) 189 (8) 2304 (8 85(13) 68(8) 55(8) -sa(a; 7(8) -2(6)
Al 1 526.3(.7) 8005.3(.5) 2540.5(.5) 153(10; 94(6) 92(6) -41(5 1(s) 2(4)
= 529 (9) 8009 (9) 2543 (9) 115(15 53(8) 17(8) -21(8) -20(8) 40(7)
SEOBR OBRCY EY R e ne o e ug o o
B 4615 Ez} 6344 (2) 2870 (2) 177 za; 125(18) 138(18) -13(18) -15(18) 2(14)
4619 (33) 6346 (31) 2860 (31) 171(49) 69(29)  20(29) 73(31) -48(30) -18(23)
o - I R
564 (23) 6033 (22) 1897 (22) 18 - - -
02 2317 (1) 3388 (1) 949 E:} 446 z:g 187 1s§ 215(14) -74(14 23(14) -41()0)
2333 (24) 3386 (23) 982 (22) 414 (40) 115(22) 137(23) -51(24 60(24) -52(18)
T ORI 1 D
4202 (23 4864 (22 3135 (22 37 E - 1
04 1356 Ez)J 3716 EIJ] 3692 El]) sssgzz 299(14) 194(13) -106(14) -22(14) 141Q11)
1357 (24) 3730 (25) 3713 (23) 316 (40) zaskzsj 144(23) -242(26) -111(24) 229(19)
05 213 (2) 2425 (1) 5639 (1) 225(20 203(13) 150(12) -80(13) 21(13) 29(10)
218 (22) 2419 (23) 5638 (22) 121(35 188(23)  91(22) -87(23) 37(22) 74(17)
- 201 Gh S 0h e oh  lnan  lean maR 0 pon  son an
07 3g%g (2) 1275 (1) 4958 (1) 205 (20 1;3 %f% };;E§;3 '36E%§ }gg%gg -535133
3 22) 1274 (21 4956 (22 164 (35 -69 - -37(1
08 5347 Ez) 3437 (1)1 8769 E:]] 281(21 199(13) 135(13) -10(13% 33(13) 30(10)
5371 (23) 3433 (23) 8773 (21) 360(39) 146(22) 47(21) 18(24) 52(23) 114(17)
09 8762 (2) 1554 (1) 9337 (1) 255(21) 172(12) 151(13) -22(1%) 29(13) 5(10)
8759 (22) 1543 (22) 9334  (21) 198(36) 120(21) 89(22) 151(22) 6(23 -7(17
010 7683 (2) 3680 (1) 1386 (1) 401(22) 213(13) 182(13) -63{14; 16(14) -21(10)
7693 (25) 3655 (24) 1394 (23) 431(40 204 (24) 112(23) -198 (25 -43(24) -121(18)
011 6038 (2) 1348 (1) 874 (1) 380(22 246(13) 206(13) -102(14 12(14) 93(10)
6037 (24) 1348 (24) 863 (23) 404(41) 240(24) 123(23) -356(253 70(25) 155(19)
012 4360 (2) 9813 (1) 2442 (1) 265(21) 180(13) 151(12) -84(13) 20(13) 17(10)
4359  (22) 9817 (22) 2442 (22) 191(36) 127(22) 121(22) -167(23) 20(23) 44(17)
i3 00 Gh a8 (D i OGh ey Gl 10n  sens 623 aeae)
7204 (23 g 3 2 6(37 1 -243(24 - 3 -21(18
oo gk WAL B G TR R o
2 -12(18
015 3251 (2) 7461 (1) 3546 (1) 198(20) 134(12) 148(12) -49(12} 20(123 -ssglog
3256 (22) 7464  (21) 3545  (21) 131(34) 75 11; 102(21) -57(22) 25(22) -85(17)
016 968 (2) 9955 (1) 3223 (1) 220(21) 161(13) 174(13) -41(13) 53(13) -38(10)
968 (21 9954 (22 3232 (21 70 (34 133(22) 111(22) -3(22) 15(22) -85Q17)
H 9895 (39 9604 (31 6299 (31 2+37(.57)
23 (669) 9697 (&71) 6259 (670)

The temperature factor is
The occupancy factor is 0.859(1).
The occupancy factor is 1.013(3).
The occupancy factor is 0.983(3).

oxp(-(8, % + Byok

2

* 8350”4 28, hkv 28, e 4 28, K8)).
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Table 4. Bond distances in A for axinite

this work  Takéuchi this work  Takéuchi this work Takéuchi
Fe 01 2.084 2.105 Si 1l 01 1.618 1.615 Al 1 01 1.885 1.887
02 1.986 2.009 02 1.586 1.581 05 1.864 1.864
06 2.354 2.357 03 1.653 1.652 09 1.905 1.906
08 2.127 2.154 04 1.638 1.636 014 1.863 1.861
010 2.074 2.090 . 015 1.989 1.992
014 2.683 2.693 Si 2 04 1.632 1.634 016 1.951 1.951
05 1.597 1.594
Cal 03 2.434 2.424 06 1.656 1.648 Al 2 07 1.907 1.904
05 2.345 2.348 07 1.613 1.616 07 1.917 1.924
06 2.463 2.478 . 012 1.862 1.863
010 2.338 2.336 Si 3 08 1.648 1.642 013 1.943 1.945
013 2.329 2.329 09 1.629 1.624 015 1.866 1.869
015 2.586 2.584 010 1.605 1.608 016 1.881 1.882
011 1.641 1.632
Ca 2 02 2.290 2.293 . B 03 1.484(2)  1.492(S)
09 2.475 2.469 Si 4 011 1.646 1.654 06 1.529(2)  1.534(5)
09 2.363 2.369 012 1.603 1.603 08 1.492(2)  1.485(S)
012 2.243 2.242 013 1.635 1.635 015 1.436(2) 1.440(5)
014 2.391 2.397 014 1.629 1.634
016 2.577 2.586 H 016 0.826(28) = 0.9

* standard deviations of bond lengths for Si-0, Al-0, Fe-=0

and Ca-0 are 0.001
structure.

@ for this work and 0.003A for Takéuchi's
values are given in parentheses for B-0 and H-O.
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