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842cm™ ' LA S AR TEAR ST Vi 524em™ R 462em” " RIRAFAE(AsO4) T BT T . 4
S WV 1401em™ ' AT 14460m™ AR 3 R 45 B R A AE AT (COs) P [ B BUAR BB 4
(AsO4) > 1. 1fi 914em™ "1 980em™ 'FI AR M-O-H AR B3 5h, K H A 14 T A4S % A1 (1 41
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L EPRERIT A (OH) ~, MiEHESE Sk . WZEdRSIBECHT Vs 824em™ ' Al 891em™ ' LA R AR FE 4R
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R2 FHMEEZWIMSHEAMBEMERN X HEHRITHERE
Talbe 2 X ray powder diffraction data of austinite and adamite from Laodonggou, Ejingqi

FE4S 1.93 —0 Ad 5 37 —445 .93 —15 5 39 —1354
S RUEE ARV | SRl N S A A 2K N P9 52 T AUE 2 R 7 o
TS B A TR B A TS B A RO A FL e A
( Austinite) ( Austinite) 'Y ( Austinite) ! ( Adamite) ( Adainite) '®
Rkl d IHlg| hkl d 1/ 1 hkl d 1/1d hkl d I/ 1o | hkl d 1/ 1
6.55 1

*

1100 5.90 30 1o 5.95 30
110" 5.71 6 110" 5.781 5 110 5.78 25
011" 4.909 41 | 011" 4.987 5 011 4.956 25| 011 4.915 44 | 011 4.939 40
1017 4.862 100 | 101 4.893 70
101 4.627 1 101 4.658 1
020 4.341 1
1117 4.226 36 111 4.247 35
111" 4.105 15 111" 4.145 5 111 4.135 30| 200 4.142 6 200 4.157 6
120" 3.848 4 120" . 860 1 120 3.873 11
200" 3.720 4 200" 3.748 1 200 3.753 19| 120" 3.780 16 120 3.793 13
210 3.726 18 | 210 3.733 20

(5]
[¥5]

0217 3.570 3 | 021 3.563 1/2 | 021 3.597 3
210" 3.443 5 210" 3.481 1 210 3.468 18
1217 3.226 7 121 3.215 1/2 | 121 3.241 13| 121 3.277 2
2017 3.154 34 [ 201 3.173 10 | 201 3.173 90
002" 3.023 22 | 002 3.029 25
211 2.993 3
002 2.950 24 | 022  2.955 1 002 2.964 12| 220" 2.969 72 | 220 2.975 100
220" 2.871 7 220  2.890 1 220 2.887 20
130" 2.806 16 | 130" 2.801 10 | 012 2.818 7
130 2.783 43 130 2.796 100
112° 2.693 78 | 112 2.700 70
130 2.688 30
221 2.664 14 | 221 2.671 17
112" 2.626 100 | 112" 2.637 10 | 112 2.637 75| 310" 2.630 27 | 310 2.634 30
2217 2.585 21 | 221 2.592 5 221 2.598 40| 031" 2.569 13 | 031 2.573 15
1317 2.520 28 | 131 2.529 6 131 2.528 40| 301" 2.517 29 | 301 2.519 20
022" 2.470 46 | 0227 2.478 4 022 2.480 16| 022 2.466 51 | 022 2.469 65
1317 2.443 100 | 131 2.458 60
202 2.448 55
3107 2.402 4 | 310" 2.416 1 310 2.412 8 | 311" 2.413 52 | 311 2.415 65
122" 2.346 21 | 122" 2.356 5 | 230 2.351 25| 230" 2.348 34 | 212 2.352 40
202" 2.318 12 | 202" 2.329 1/2 | 202 2.326 16| 320 2.320 3 | 320 2.323 3
2127 2.250 3 212 2.254  1/2 | 040 2.260 4
212 2.253 2| 231 2.199 1
311 2.236 3
23] 2.186 4
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41,2
AT L93 —0 A4 K H S 37 —445 193 —15 R H 5 39 —1354
P9S8 AHE A PR FEA A M A A R PN 5% AL & ] V)
il B A7 S B A1 TS A1 R FEOREE A
( Austinite) ( Austinite) 14 ( Austinite) (3] ( Adamite) ( Adamite) [®
hkl d 1/1{ hkl d 1710 hkl d 1/1y| hkl d I/1y| hkl d 1/1
140 2.156 1 140 2.164 1
222" 2.063 15| 222" 2.069 4 | 222 2.069 16 | 400" 2.077 4 400 2.077 6
141" 2.029 4 | 141 2.036 1/2]| 321 2.054 3
132 2.035 3 | 410" 2.009 5 132 2.011 6
312 1.9852 3 312 1.9866 3
103" 1.9616 13 [ 013,103 1.9640 15
141 1.9519 8 141 1.9541 11
240" 1.9293 4 | 240" 1.939 1/2| 240 1.9359 7
302 1.9037 1 113" 1.9135 11 | 411 1.9139 11
400" 1.8655 19| 400 1.879 1/2] 400 1.8765 5 240" 1.8836 10 331 1. 8850 12
113 1.8699 12
232,241 1.8414 5 | 232" 1.8526 5 232 1.8550 6
322 1.8424 3 322 1.8435 2
3317 1.8265 9 | 331 1.830 5 | 331 1.8308 16
023 1. 8068 7 023 1.8109 3 | 241" 1.8076 2 241 1.8102 2
042" 1.7942 18 | 042" 1.798 5 | 042 1.7982 12 | 123" 1.7841 1 421 1.7846 1
322,123 1.7577 3 322,123 1.7608 2
41 1.7556 2
142" 1.744515] 142 1.747 3 | 203,142 1.7484 11 | 042" 1.7419 5 042 1.7434 6
420" 1.7298 8 | 420" 1.730 3 | 420 1.7335 19
213 1.7172 1 | 402 1.7119 18 | 402 1.7128 19
1517 1. 6829 5 151 1. 687 2 151 1.6857 6 223 1.6695 8 223,150 1.6707 15
332 1.6585 22 | 332 1.6595 35
332" 1.6581 12
033 1.6449 5 033 1.6462 8
303" 1.6302 18 | 303,510 1.6313 19
223 1.6282 5 223 1.6311 4 341 1.6270 13
242 1.6215 9 | 431" 1.6132 21 133 1.6147 13
242" 1.611636 | 242 1.616 9 | 332,133 1.6143 35 | 242 1.6063 44 | 151 1.6106 13
5017 1.6016 33 | 242 1.6075 65
313,501 1.6025 35
422" 1.5888 28 | 422 1.5897 35
402" 1.5824 7 | 402" 1.586 2 | 402 1.5860 12
251 1.5700< 1| 5117 1.5750 25 511 1.5753 40
313 1.5287 1 520 1.5483 3 520 1.5484 2
431 1.5348 1 233 1.5305 1
233,152 1.5122 15 | 004" 1.5130 18 004 1.5153 40
060" 1.5099 18 | 060 1.509 7 | 060 1.5062 6
440" 1.4874 16 | 440 1.4878 25
004" 1.480233| 004 1.482 5 | 510 1.4817 12
342 1.4744 2 342 1.4754 2
323,350 1.4628 5 350 1.4654 7 | 114" 1.4665 3 114 1.4578 5
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FES 193 —0 A4 [ 5 37 —445 .93 —15 H 5 39 —1354

PN 5% ol B il
TS B AT

e [ A M S 6 75 2
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W EE AT

PN 58 oy L 2 il )

FEOREE A

FEOREE A

( Austinite) (Austinite) [¥ (Austinite) 1) (Adamite) (Adamite) 1!
hkl d I/1y| hkl d /1o hkl d /1o hkl d /1o hkl d I/ 1q
342143 1.4595 2 152 1.4628 3
350 1.4497 1 | 350 1.4520 1
143 1.4436 4
512" 1.4357 5 | 512 1.4360 6

bz 2= 0-7473(78) | a= 0.7506 £0.0006 [ a= 0.7507(5) a= 0.8304(44) a= 0.8309(3)

HRIE =2 b= 0.9017(13) | b= 0.9046 £0. 0009 b= 0.9039(7) b= 0.8516(54) b= 0.8527(3)
(nm) 1~ 0.5916(27) | = 0. 5932 0. 0066 c= 0.5930(4) c= 0. 6054( 00) c= 0.6058(2)
S0 45 F: Philips 1700 | CuK a % 4, Debye | CuK a; & 3 ( 5 {4 'J\%éf:ﬂl”]/f\ SCHIE | CuKoay %65 ( 5 (0
a3 AATH R4, A | Scherrer A1 0L, ELA2 | 8%, X SFLRATHC | 70 10 B 85 8F 40 | 28), X SERATHHMX
BRIk A, FIRVE T | 114, 6mm (L93°0)

10 —65%; 2U < 0. 027, W
BEI ) 1 FF; CuK a( f1
dORfn %), 45KV,
40mA
c L i L
e
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S g Bl 1 RS I
B o AR N
E pa% A\ Fig. 1  Infrared spectrum
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3 B R X

WFFER W, AWK 98 Sk AEN A I EEZY WA G h: b+ WU+ N+ oy
W+ AT+ RS+ BRM+ BURGURD + A9+ JridAa, ENDE UG KRR, 7
MR 7K KARRKFNZESER T, K2R T8 AAERL, BT Az Bk AL HRaE T & 5, B & 1)
NI 100m iAo AERACE R e, 30 SERE JABRT SO SR R A T IR
AL . EATRIAR I RE AT LURT BRSO I BA 34

2FeAsS+ 6H,0+ 70,= 2( FeAsO4°2H,0) + 2H,S04

G Y ¥el
FeAsO4°2H,0+ H20= Fe( OH) 3+ H3As04
WA
2FeSy+ 702+ 2H,0= 2FeSO4+ 2H,S04
TCERAT

4FeSO04+ 2H2S04+ Oo= 2Fex(S04) 3+ 2H,0
Fes(S04) 3+ 6H,0= 2Fe( OH) 3+ 3H,S0,4
CuFeS;+ 2H,S04= CuSO4+ FeSO4+ 2H,S
PR

CuSO4= Cu** + SOF

ZnS+ 20,= Zn>04

INEED

ZnS04= Zn’* + SO

CaCO3+ H2804= CaSO4+ H,CO;3

Ttk

CaS04= Ca** + SO

2Ca” + 2Cu® + 2H3As04+ 0= 2CaCu(AsO4) (OH) + 2H,0

HEAT 4 A4
CaCu( AsO4) (OH) + Zn** = CaZn(AsO4) (OH) + Cu**
TS EEL
47n** + 2H3As04+ 20,= 2Zny(AsOy4) (OH) + 2H,0
PR

e R AL, A kA iy b R W BSR4, (B2 A Al ReAAAE . BIR SOV Sk T
SLEAT BB S R A SR AR AR ISP R DL . TR R RSB PR
PROAR) A7 B I, TS B A AR 2R A A B0 W, AERES A A  FR B A 1A T
A PESRA P TRTI AELE o X =R E6 0™ 9 25 U pH (ERN Zn™ 355G R (1 3) W, 7
AT R, FR AR AT ANPEG B 41 0 T 15 I b RV i, AN AT R AE 2ot TEEERR K
A& & AR R AT AR DK ZTRIEE AT ( Koettigite. Zns( AsOy) 2* 8H0) 77 HiL T fig 15 9%
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VRO JEE R 1 5 A2 3 TS e I 1) B2 5K
K.

BT MRS HE W2
i IR A, b 4 AR
RS A P I R aEE 3k — 20
e, A TR B 4 (R BT,
I, A A N IR AR Sh )
—FR AR A R B 1) R,
XF 3 4K X B AR AL K UE Y TR
({4:)1&] %H/]TH/J\;E; N

BTN 5 TR S WAL 2
BRI T2 BTG 58 AL
AT 73 M B SRSLAS T 5T G 1 fik
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N Hkame s
o
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-6 y ;
3 5 7
pH
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it P. A. Williams, 199017
Fig. 3  Stability field diagram for the simpler zinc arsenate minerals
at 298. 2°K. The boundaries are drawn for a( Ca®>* )= 1072, ( after

P. A. Williams, 1990' ")
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Austinite and Adamite Discovered for the First Time in
China and Their Significance

Huang Dianhao, Wang Baolin® , Wu Chengyu, Wang Liben
( Institute of Mineral Deposits, Chinese Academy of Geological Sciences, Beijing 100037)
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Abstract

Austinite and adamite are secondary arsenate minerals, which were discovered for the first
time in ore caves of the No. 98 gold vein oxidized zone within the Laodonggou gold deposit, In
ner Mongolia. Austinite mostly occurs as subhedral or euhedral (ransparent crystals 1. 0 x 0. 8
—4. 0% 3.0 mm in size, with the color being green or greenish; its calculated specific gravity is
4.32. Adamite occurs commonly as transparent aggregates or crystal 1. 8 X 1. 5—3.5x 2.5
mm in size, with the color being light yellow-green or colculess; its caloulated specific gravity is
4. 44. Studies under microscope give the following optidal characteristics: Ng= 1.778, Nm=
1.760, Np= 1. 756, positive optical character of biaxial crystal, with optic angle of 46° for
austinite, and Ng= 1.761, Nm= 1.738, Np= 1.719, positive optical character of biaxial
crystal, with optic angle of 87° for adamite. Chemical analysis (wt %) shows that the compo-
sition of austinite is CaO 21.57, ZnO 29.61, CuO 2.29, MnO 0. 002, Fe;O3 0.02, As;0s5
43.07, CO, 0.43 and H,0" 3. 68, making up a chemical formula of Cag 99( Zng 94Cug_07) 1.01
[ (AsO4)0.97( CO3)0.03] 1.00( OH), and that the composition of adamite is ZnO 56. 18, CuO
0.46, PbO 0. 13, Fe,030.004, As,0539.89 and H,O" 3. 31, making up a chemical formula
of (Zny. 97 Cug,02) 1.99( AsO4) (OH). As is detected by infrared spectral analysis, austinite con-
tains minor CO3, and this is different from the feature of austimite reported by D. Radciffe et
al. (1971). According to X-ray diffraction analysis, the unit cell parameters are a= 0. 7473
nm, b= 0.9017nm, ¢= 0. 5916nmforaustiniteanda= 8304nm, b= 0. 8516nm, c=
0. 6054nm for adamite, respectively.

The main ore mineral assemblage of the vein oxidized zone is scorodite+ limonite+ austi-
nite+ adamite+ native gold+ native silver+ quartz+ calcite+ opal. The result of the study
shows that adamite and austinite may be crystallized from acid to neutral solution under oxida-
tion condition; nevertheless, the former is crystallized only when the solution has relatively
high zinc ion activity. As these two arsenate minerals are of indication significance, their dis-

covery contributes to the prospecting for secondary leaching type gold deposits.
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