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The discovery and significance of the Presinian Ma’ an-
shan Formation in the central part of the Kang-Dian Ax-
is, southwestern China
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(1. Chengdu Institute of Geology and Mineral Resources, Chengdu 610082, Sichuan,
China; 2. No.404 Geological Party, Sichuan Bureau of Geology and Minerdl Re-
sources, Xichang 615000, Sichuan, China)

Abstract: The discovery of the Presinian Ma anshan Formation in the Huidong region,
Sichuan marks an important progress in the research on the Presinian strata in the central
part of the Kang-Dian Axis, especially in the prospecting and exploration of the Lala-type

copper deposits in Huili, Sichuan. The Ma anshan Formation consists of a suite of meta-
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morphic sodic volcanic rocks-spilite associations, and may be correlated with the Palaco-
proterozoic Hekou Group in Huili, Sichuan and Xiaoliukou Formation in Dongchuan,
Yunnan. The volcanic rocks in the Formation that are assigned to the alkaline basalt series
are characterized by: (1) higher contents of sodium and calcium and lower contents of
potassium and iron; (2) REE association Cu-Au-U-Zn-As-Sb-Fe-Cr-Co; ( 3) relatively low
2 REE and relatively high LIREE/HREE ratics indicating a IREE-enriched type of the
rocks; (4) Eu and Ce depletion and a slightly rightward-dipping V-type distribution pat-
tern.

Key words: Presinian; lithology; geochemistry

Fg 1  Distwibution of the Presinian strata in the Huilt Huidong region in Sichuan and Dongchuan region in
Yunnan (after Li Fuhan et al , 1988)
I=ovelburden; 2=Huili/ Kuny ang Group; 3=Hekou and Kangding Groups; 4=granite; 5=migmatite
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Fig 2 Measured stratigraphic and structural section through the Md anshan Formation in Yeniuping, Huidong,

Sichuan

1=sandy dolostone; 2=albitite; 3=twomica schist 4=tuff; 5=powphyritic albitite and keratophyre; 6=gabbro;

7T=breccia; 8=Yimmin Formation

. 797m.
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Fig 3 Columnar section through the Ma anshan Formation in Yeniuping, Huidong, Sichuan
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Table 1 Electronic microprabe analyses of albite from Ma anshan in Huidong and Lala in Huili,
Sichuan (wp/ %)
Na0 | MgO | ALOs | SiO, K,O0 Ca0 | TiO0 | Crx03 | MnO FeO NiO
1 B45-1 11.25 | 0.01 | 19.87 [ 68.8 | 0.3 | 0.2 | 0.13 | 0.00 | 0.O0O | 0.19 | O.11
2 B45-2 11.74 | 0.00 | 19.69 | 68.9 | 0.17 | 0. 15 0.02 [ 0.04 | 0.O7 | 0.O3 | 0.04
3 B45-3 12.02 | 0.00 | 18.77 | 69.80 | 0.01 0.00 | 0.15 | 0.00 | 0.02 | 0.07 | 0.09
4 B4T1 12.35 | 0.01 | 19.26 [ 68.93 | 0.00 | 0.00 [ 0.00 | 0.07 | 0.O1 | 0.OO | 0.06
5 B47-2 11.37 | 0.01 | 19.68 | 69.25 | 0.07 | 0.00 | 0.09 | 0.00 [ .00 | 0.00 | O.00
6 B47-3 11.89 | 0.01 | 18.94 [ 69.01 | 0.00 | 0.01 0.00 | 0.01 0.01 0.00 | 0.04
7 B65-1 11.96 | 0.00 | 19.41 [ 68.74 | 0.00 | 0.5 | 0.00 | 0.00 [ .07 | 0.0O | 0.07
8 B56-2 11.83 | 0.00 | 19.50 | 68.36 | 0.06 | 0.13 0.00 [ 000 | .10 | 0.02 | 0.01
9 B65-3 1.50 | 0.00 | 1926 [ 685 | 0.0 | 0.29 | 0007 | 0.91 [ 0.01 | Q16 Q15
10 B69-1 11.57 | 0.04 | 1936 [ 9.0 | 0.04 | 0.09 | 0025 | 0.09 | 0.00 | Q45 Q08
11 B69-2 1.91 |1 0.00 [ 1952 |66.8 | 0.08 [ 0.10 | 0.00 | 0.00 [ 0.00 | Q02 Q 00
12 B69-3 11.73 1 000 | 194 [ 684 | 0.00 [ 0.24 | 0.00 | 0.06 | 0.04 | Q05 Q00
13 B77-1 11.98 | 0.00 | 1935 [65.33 |00 [ 072 | 0000 | 0.00 [ 0.33 | Q00 Q00
14 B77-2 11.39 |1 000 [ 1994 | 6853 | 006 [ 0.36 | 0.08 | 0002 | 0.02 | Q01 Q 06
15 B77-3 11.31 | 002 | 2001 [66.8 | 0.00 [ 029 | 000 | 0.00 [ 0.05 | Q07 Q01
16 147k63-1 | 13.27 | 0.00 | 1846 (67.28 | 0.07 | 0.01 | 0.00 | 0.02 [ .00 | O O8 Q00
17 57k142-7 [ 11.86 | 0.03 [ 18 8 (67.20 | 0.04 | 0.00 | 0.00 | 0.17 | 0.00 | Q00 Q11
18 6Zk5-13 | 13.03 | 0.02 | 1968 | 67.48 | 0.13 | 0.34 [ 0.00 | O. 15 | 0.01 [ Q@2 o1
19 7k63-2 1234 | 0.00 | 188 [67. 15| 0. 16 | 0.05 | 0.00 | 0.38 | .00 | O O8 Q0 00
20 57k142-5 | 12270 | 0.01 [ 18 79 | 67.27 | 0.03 | 0.03 0.00 [ 006 | 0.02 | Q05 Q 00
: 16~20
2 (we %)
Table2 Mineral compositions of albite from Ma anshan in Huidong and Lala in Huili, Sichuan( wy %)
1231|415 7 18 |9 |1wo|1|12|1B|1|15]16]17 |18[19] 20
Ab 195.7(96.4(99.9( 100 {99 6|9.8|90.2(97.3({94.398.1|97.8|95.7|88.2(93.2[H.6|9.5|99. 8|%. 008. 3/99.3
An (4.1 (2.7 O 0 0 102|9.8|2.4|53|1.7[1.8[43|11.7/65|54]0.2| 0 [5.4/0.9(0.5
Or [0.2]0.9]0.1 004 0 [0.3[{0.4]/0.2|10.4| 0 |01 03| 0 [0.3]0.2]0.6/0.8]0.2
1
d(10 “m , )
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Fig 4 X-ray power diffraction diagrams of albite, quaitz and other minerals
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(1) , Si0, ., 2086% 77.6%
, Si0, 20. 86% ~77. 6%, 44.74 %5 ~65. 68 %,
37.92% ~61.92%.
(2) , Ca0  MgO , Ca0 +
MgO 12.99%, 33.5%; CaO+MgO 7.77%,
13. 04 %; Ca0+MgO 14. 34 %, 21. 85 %.
(3) NaxO . NaO K0, Naz0 4. 14%,
K20 L 13%; N a0 6.99%, K20 0.76%;
Nax0O 4. 51%, K50 1.62%.

(4) Fe03  FeO , 10% 10%.
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Table 3  Petrochemical compositions of the volcanic rocks from the Huili- Huidong region in Sichuan and
Dongchuan region in Yunnan (wp/ %)

Si0; | TiO; |{ALO;3 [FexO3 | CD | MgO [MnO [ KoO [NayO | P,Os | FeO AR
1 Bl . 60)1036(1100(0.35(272(0.91 (005 |173]399(0.12(437(3.89|1 32
2 B2 48.20(031(805(3.72|10.30|3.81|Q 12|09 |3.67|0.41(3.49 |15 14|11 8
3 B3 47.86(0 53 (12268688064 7/ |023|364|246(0.17| — [9.90|2 43
4 B4 52.56(044(856(546(9.98|3.78|029 |09 |3.38(0.17 1.30 | L. 67
5 B5 4.76/006(1.83]6.91|1434|8 68|032|043(0.18(0.01| — [2270|3 H
6 20.86(0Q 08 (1.99|7.82|21.94|11.56/0 52 |039(0.28(0.03| — [33.00{4 20
7 B7 49.06)1055(11 05|5.42(9.00 (4 67 |Q19|167|388[0. 15| — [1290(3. 36
8 B8 35.36/040|847(882(939(8 18{034|139|255|014| — [17.80(2 63
9 B10 41. 363 86 (14 64|15 00|9.91|5.30 |Q 16 |Q 57 (427|175 — |L20|2 06
10 B47 75.301025(1149|0.2710.79(0.26 (001 |Q 14 |7.17|0.30|1.48|1.06 |1 61
11 BA8 77.60[Q 16 (11 7210.310.38|0.17|Q01 |0 12|7.41(0.18 (102|031 |L (8
12 B76 6470/ 059 (15 18]1.82(24410.49|004|036(9.18(0.21({0.97|281|L 06
13 B77 55.40|11 23|14 4414.471532(09 (00|06 |818]|1.29|0.88|6.10 L 77
14 B86 50.50{0 64 (12 18|1.54|6.86|4 13|0Q 11 |260|401(0.19[676|895]|1 57
15 B9O 30. 50| 034|599 (020 (15.18{10.58{ 040 | L 36 | L. 53|0.31 6. 16 [24.29(1. 49
16 | XF09 4. 741140012 03|1.59(9.34 (370 (047|023 |7.40|0.13 |4 81 |13.45(2 11
17 | 7Zk%-1 56.06(150(155(286(529|214|016|0387.02(0.38(3.54|275|2 10
18 | Zk7-8 47. 6612 83(1308|8.40(3.08|3.76 |0 11 |206|592(137(8 13| — |29
19 | Zk79 49.5212931139(9.37(|3.18(3 (0 ®|160|659|1.26|582| — (28
20 Lh-8 65.68(126(157711.59]0.7210.42|005|018|9.06(0.45[217| — |35
21 | Lir13 51.701139]1348|1.84]6.35(28 (032|012]7.82(0.69(290 (7882 34
2 | Ck465-7 46.76(2 60 (12 73|5.83 |6.76 |3. 683|030 |Q 72 |518(0.44 (910|186 |1 8§
23 C1 6. 92/Q 70 (18 6210.24 1268 |1. 66|00l |06 |9.25(0.19[0.92|288|2 75
24 C2 41. 341033884037 (1219(9. 66 [0 2|0 53|403|0.10|248|18 64|11 55
25 Cc7 3792133013 05({0.68 [11.46(5.38 |0 17 |3 63 |0.25|0.50 (4 86 (15.78|1. 38

1~15 ( ) 16~22 :23~25
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Fig 5 Composite diagram of the volcanic rocks from the M a’anshan Formation and its adjacent areas
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Table 4 Trace element contents in the volcanic rocks from the Ma anshan Formation
(w(Au)/ 1079)
Au|Fe |[Na| K [Cu
As [Ba |Co| G |Cs |[Hf |[Rb |Sb | Sc | Ta |[Th | U | Zn | Zr
1 181 (406 |16. 5| 142 | L 72 5|78 2|20 |11.4(0. 44| 7.2 | 2 2 |1564]| 141 [19. 5|6 102 78|1. 26/0. 01
2 156 1209 [19. 3| 147 [ 1 3|26 |36. 6/ 1.6 [18.2]0. 56(9.0 [ 3 7 |1830| 143 |4. 8|6 112 73)0. 63/0. 04
3 |BS 2500( 97 |41. 2/12050| Q0 9 [0.38]20. 3|4.7 |3. 6 (0. 39|22 |4 5 [14836<_55(3. 4(8 66[0. 31| — 0. 02
4 | Bo 571|508 |20. 5| 87 [0 45/ 1.2 |10. 7/ 7.0 (2 69<0.1{ 2.5 |2 2 |3855_60| 10 |11. 80. 28| — 0. 01
5 | B7 165|497 |24. 5/ 114 [ 1 8|29 |11. 5/2 5 [14.5]0. 56(9.6 |2 3 |1810| 105 |8 5|4 17R. 77[3. 06/0. 01
6 | B8 ) 1497|554 |121. 6/202 [ 1 4| 1.6 |36. 4/ 6.8 [4. 810. 33[4.6 |7 3 |7610| 50 |78. 8|8 (2(I. 18)0. 65| —
7 |B10 6400(262 (33. 6/ 26 (2 1(3.6(37.9|/6.7|26.7|3.4 (13 9| 1 2 R3009 257 |16. 6(10. 0B. 26| — (0. 01
1624|361 | 23 395 1 38|12 11|47.9/4.5 [11.7]0. 8 (7.0 |3 3 |7788| 116 |20. 2|7 84|1. D0|1. 410 017
22(390 (25 |110 (141578 |10.6| 18 |1.6|(58 17|94 |130|10 (5.8 (23|17 o063
K:
738 10. 9310.92|3. 59(0 99]1.41|Q0 61| 7.5 [0 65]0. 52(1. 21 (1. 94|82 9|0 89|53 05|1 350. 830. &R 70
/
(1976); ( )
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Fig 8  Histogram showing the frequency distibution of the enrichment coefficients (K coefficients)
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Table 5 Correlation matrix of trace elements
As 100
Au 0.03 1.00

Ba—0.38 0.55 1.00

Co 0.68—0.25—0.65 1.00

Cr 0.12—0.22—0.65 0.75 1.00

Cs 0.40 0.14 0.01 0.01—0.39 1.00

Fe 0.49 0.05—0.05 0.29 0.11—0.51 1.00

Hf 0.28—0.08 0.11—0.27—0.71 0.8 0.37 1.00

Na 0.28—0.14 0.05—0.25-0.57 0.89—0.58 0.9 1.00
Rb—0.32—0.07 0.34—0.29-0.33 0.65-0.83 0.55 0.63 1.00
Sh 0.56 0.44 0

Sc 0.51—0.26—0.29 0.06-0.44 0.79—0.24 0.91 0.89 0.31—0.24 1.00

Ta 0.90—0.90—0.30 0.40—0.22 0.65 0.24 0.66 0.56-0.03 0.29 0.8 1.00

Th 0.46—0.15—0.11—0.20—0.53 0.87—0.31 0.9 0.93 0.45—0.23 0.98 0.80 1.00

U—0.21 0.73 0.12 0.01 0.31—0.26—0. 70—0. 53—0.47—0.27 0.19—0.54—0.46—0.51 1. 00

Zn 0.97 0.02—0.48 0.8 0.33 0.26 0.52 0.08 0.01—0.40 0.58 0.35 0.79 0.29-0.09 1.00

Zr 0.62—0.26 0.30 0.08—0.41 0.74—0.03 0.8 0.82 0.18—0.11 0.94 0.8 0.91—0.63 0.46 1.00
Cu—0.30 0.97 0.48—0.19—0.12 0.02 0.03-0.25-0.25-0.14 0.42—0.34—0.19—0.25 0.85 0.01—0.40 100
No As Au Ba Co Cr Cs Fe Hf Na R Sh Sc Ta Th U Zn Zr Cu

1
0.
0.
.24 0.33-0.02—0.27—0.88—0. 28— 0.51—0.62 1.00
0.
0.
0.
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Table 6 REE contents in the volcanic rocks from the Ma anshan Formation in Huidong, Sichuan
(wp/ 10°9)
La | Ce | P [Nb [Sm [ Eu [ Gd | Tb | Dy | Ho | Er [ Tm [ Yb | Lu
1 | B3 19.2136.3|3 8 (134(3.08]|0.63|216(0.38|253(0.55(156{023|146|0.2
2 | B4 18. 8(37.2(436(16.4 (4 07 |0. 93|4.49|0.80(5.42(1.19(345(Q 53 (3 34 |0. 49
3 [BS 15.0(27.5(325(11.8(2 900 68|1.82|0.31[1.95(0.40({L09(Q 16 (Q % |0. 14
4 [ B6 950118 1|2 198 2 (2 32]0.49|1.85|0.33|2.28(0.51|148|023|146|0. 19
5 | B7 46. 4|80. 010 32(38.0|5. 89 |1. 00(3.85(0.64(408(0.84|227|032|193(0. 31
6 | B8 - 2 7(40.0{ 53 (2003 26|0.45|1.48|0.25(1.58(0.33{089(Q 13 |0 76 |0. 14
7 |B10 150 | 264 (30 99| 110 |18.2 |4 21 {12.03]1.95(12.02/2.40|6 32|0Q 8 |5 06 (0. 77
( )
(3) , .
(O &u 0.83~1.51 ;
, Te 0. 48; )
, ®u 0.52~0. 92 ,
Fu e , ,
(133.86 ~1026.62) X 10 * 475.97X 10 °, ,
, » »
2.6
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Table 7

Dongchuan region in Yunnan

7 -

REE characteristic parameters for the volcanic rocks from the Huili Huidong region

in Sichuan and

REE | LREE | HREE | TRV a | e
1 Cl1 6l. 9 2 37 33.62 0. 84 1. 06 Q0 40
2 C2 139.59 8. 67 50.92 1.74 0.83 Q57
3 C7 257.07 | 154.11 | 102. 96 1. 50 1. 51 Q0 47
4 Sql 25. 45 10. 92 14. 53 0.75 0.62 Q0 95
5 5,13 146.27 | 115.18 | 31.09 3.70 0.52 Q0 85
6 Sq5 30. 76 16. 34 14. 42 1.13 0.63 1 04
7 Sq7 174.11 | 106.16 | 67.95 1.56 0.91 Q0 90
8 B3 8. 53 76. 45 9.08 8. 42 0.75 102
9 B4 101. 47 81.76 19.71 4. 15 0.67 Q0 99
10 B6 67. 93 6l. 12 6. 81 8.98 0.90 Q95
11 B6 49. 13 40. 80 8. 32 4.90 0.73 Q0 96
12 B7 195.86 | 181.61 14. 25 12 75 0. 64 Q0 88
13 B8 97. 26 91. 71 5.55 16 54 0.63 Q0 88
14 B10 618.83 | 577.40 | 41.42 13 94 0. 87 Q93
15 P6 928.36 | 616.84 | 311. 51 1.98 0. 60 091
16 P8 1026 6 | 725.59 | 301. 01 2.33 0.57 Q0 88
17 P14 228.54 | 143.50 | 85.04 1. 69 0. 69 Q0 87
18 P16 343.16 | 28 93 | 114.23 2.00 0.74 0 88
19 7k7-7 511.70 | 384.24 | 127. 46 3.01 0.90 091
20 7k3-8 413.10 | 253. 14 | 159.96 1.58 0.63 Q90
21 7k8-1 507.31 | 370.90 | 136.41 272 0.71 093
22 7k82 253.12 | 157.91 | 95.21 1. 66 0.86 Q0 87
23 7k8-3 133. 86 97. 08 36.78 2 .64 1. 08 Q0 87
24 |7k202-4 413.95 | 278.39 | 135.56 2.05 0.48 Q0 96

3
3.1
. s , 1997)
: :
( 11).

3.2
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Fig 11 Stratigraphic corelation of the Hekou Group in the Huilt Huidong region, Sichuan and Dongchuan region,

Yunnan

1=carbonaceous slate; 2=marble; 3=dolomitic quanz schist; 4=garnet wo-mica schist; S=irombearng albitite; 6=
garnet biotite schist 7=porphy wblastic quaitz albitite; 8= sericite slate; 9=dolomitic schist 10=calcareous dolomitic
schist; 11=garnet amphibole biotite schist; 12=pebbly dolomitic schist; 13=Dbiotite quartz schis 14=ferromanganese
dolomitic schist; 15=biotite schist; 16=quantz albitite; 17=massive albitite; 18=albite schist; 19=tuff; 20=quartz
marble; 21=sandy phyllite; 22=sandy- catbonaceous slate; 23=tuffaceous sandstone; 24=aposandstone
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