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2 ( 1996)
Fig.2 Field outcrop of the Shisanlitai Formation section( According to Qiao Xiufu et al. 1996)

900°C 4T, DLH018 DL-8 DLH0T,  DL-O-T,(

) ( 7)
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T 3%:;

DLH018 (
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2.2 ( 1. X—
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Fig.3 Stromatolite limestone of the Shisanlitai Formation

a: red concoidal stromatplite limestone ( lower) and greenish REE and noble metal mineral-bearing pelite ( upper) ; b: pale dome-shaped stromatolite
limestone with yellow calci-eoncrete; c¢: pink column-shaped stromatoluite limestone; d: deformed column-shaped stromatolite limestone caused by re—

gional tectonic stress

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig.4 Observation of thin sections of pelite:

a: the most of pelite beds are composed mainly of clay mineral illite-sericite with few dispersed chlorite crystals ( DL-417) ; b. the REE and noble

metal assemblage pelite bed ( DL4018) composed mainly of phengite mineral. with dispersed diagenetic euhedral hematite crystals ( DL-4018)

C.

the base scatter electron image showing an euhedral monazite crystal as a clastic monazite inclusion ( white one) in the euhedral hematite crystal; d:

energy spectrum curve of the phengite in the sample of DL4018 showing high contents of Si Al and K.
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1 (%)

Table 1 Chemical composition of the Shisanlitai Formation( %)

Na,0 MgO ALO, Si0, P,0, K,0 CaO TiO, MnO Fe,0, FeO H,0+ CO, 10i FeO/Fe,0,

DIL4 0.1 5.85 0.92 3.58 0.02 0.32 459 0.05 0.06 0.15 1.17  0.38 41.78 42.07 7.8
DL=2 <0.05 4.01 1.01 4.65 0.01 0.3 47.26 0.05 0.06 0.38 1.24 0.3 40.79 41.11 3.26
DL3 <0.05 0.44 1.74 4.48 0.02 0.36 51.15 0.08 0.08 1.63 0.27 1.36 38.56 40.05 0.17
DL4T1 <0.05 0.44 4.1 12.56 0.04 0.94 44.63 0.19 0.11 1.41 0.14 1.42  34.11 35.65 0.01
DL4T2 0.09 0.87 6.11 14.32 0.73 0.67 37.89 0.26 0.1 5 2.1 2.96 28.68 31.34 0.42
DL4T3 0.22 1.21  17.09 69.04 0.1 5.13  0.45 0.7 0.01 1.75 1.22 3.14 0.17 3.33 0.7
DLA4TS 0.26 1.74 22.17 55.72 0.12 6.15 0.06 1.05 0.01 3.9 4.56 4.84 0.12 4.42 1.17
DL-H018 0.38 0.71 16.47 61.91 0.07 11.94 0.04 1.06 0.03 4.33 2.52 0.88 0.13 0.58
DL-5T1 <0.05 0.52 4.23 12.39 0.04 1.42 43.51 0.22 0.21 2.32 0.09 1.92 33.37 35.16 0.04
DL-5T2 <0.05 0.2 18.38 18.36 <0.01 0.04 44.77 <0.01 0.21 1.35 0.13 0.86 34.11 34.9 0.01
DL-5T3 0.09 0.52 2.37 4.88 0.12 0.77 49.96 0.12 0.19 1.54 0.13 0.66 38.56 39.33 0.08
DL-5T4 0.35 1.18 31 45.31 0.14 9.8 0.16 1.51 0.01 3.91 1.08 5.28 0.14 5.25 0.28
DL-5TS <0.05 0.38 1.34  4.83 0.12 0.35 51.2 0.06 0.25 1.06  0.13 0.07 39.68 40.13 0.12
DL-6 <0.05 1.03 1.1 4.23 <0.01 0.34 51.34 0.05 0.06 0.53 0.48 1.22  39.55 40.7 0.9
DL <0.05 2.74 1.04 12.09 0.1 0.32 44.44 0.05 0.07 0.47 0.95 0.4 37.08 37.52 2.02
DL-8 0.42 1.59 22.24 52.66 0.09 5.06 0.07 1.22 0.02 2.68 8.69 5.2 0.09 4.04 3.24
DLITI1 0.05 0.5 1.77 13.7 0.1 0.34 45.22 0.09 0.12 0.72 1.2 0.98 35.1 35.91 1.67
DL9-T2 0.24 1.12 10.42 67.97 0.06 2.51 5.25 0.55 0.04 2.5 2.35 3.54 2.84 6.27 0.11
DL-H0T1 0.42 0.8 21.6 55.59 0.11 6.56 0.15 0.98 0.01 8.18 0.8 3.64 0.17 3.35 0.11
DLA0T2 0.76 1.58 21.86 55.99 0.13 6.14 0.23 1.1 0.01 4.65 2.77 4.5 0.26 4.1 0.94
DLA1 0.05 1.48 1.35 7 0.08 0.46 49.19 0.09 0.04 0.06 0.52 1.22 38.32 39.45 0.6
DL42 0.05 3.34 1.61 9.31 0.12 0.5 45.31 0.09 0.05 0.47 1.02  1.46 37.08 38.49 8.67
DL43 0.05 3.57 2.2 8.72 0.17 0.69 44.65 0.12 0.03 0.05 1.06 0.72 37.58 38.41 2.2
Muscovite 0.47 0.92 34.75 46.37 - 10.61 0.13 0.21 0 0.71 0.77 4.48 0.13 - 0.52
Phengite 1.97  2.49 30.11 50.05 - 9.8 0 0.14 0.01 1.47 0.43 3.58 - - 0.29
NASC 1.14 2.86 16.90 64.80 0.13 3.97 3.63 0.70 - - 5.67 - - - -
2. 13%) (0. 68% ~ 0. 73%) ;
(0.24% ~0.51%) (0.29% ~0.46%) 2) Si0, K,0 ;
(0.19% ~1.16%) (0.1% ~0.15%) 3)
(0.07% ~0.15%) (0.02%) ;
(0.05% ~0.1%) (0.14%) 4) H,0 ;
; 5)
; X— 0
96.76%  EDAX 3
B, DL4 (471 4T2 4T3 4T5
1018) DL-5(5T1 5T2 S5T3 5T4 5T5) .
3.1

14~17 . 18
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Fig. 6 Comparative curves between NASC ( red) with pelite beds ( green) and limestone beds ( blue)

of the Shisanlitai Formation of Dalian area
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2 (rg/g)
Table 2 REE elements of the Shisanlitai Formation(pg/g)
La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu Y
Chn" 0.31 0.81 0.12 0.60 0.20 0.07 0.26 0.05 0.32 0.07 0.21 0.03 0.21 0.03 1.96
DL4 4.94 9.40 1.37  5.57 1.37  0.31 1.45 0.22 1.21 0.23 0.70 0.09 0.60 0.10 5.98
DL=2 3.53 7.84 1.05 4.34 0.96 0.25 1.27 0.20 1.11 0.23 0.69 0.10 0.61 0.09 5.98
DL3 9.92  23.20 3.29 15.50 4.49 0.8 4.36 0.77 4.67 0.97 2.80 0.41 2.66 0.44 20.80
DL4T1 16.40 33.20 4.00 15.90 3.63 0.78 3.69 0.50 2.78 0.55 1.83 0.25 1.65 0.25 13.70
DL4T2 24.50 60.50 9.68 47.10 14.60 2.68 14.20 1.98 10.50 1.75 4.46 0.48 3.12 0.49 39.70
DL4T3 36.80 62.30 6.73 10.00 2.93 0.41 2.58 0.35 2.02 0.44 1.51 0.25 1.74 0.26 10.10
DL4TS 54.80 93.40 10.40 32.00 4.38 0.76 3.89 0.52 3.16 0.67 2.31 0.39 2.54 0.42 15.50
DL-021018 57.22 130.80 13.05 54.21 8.89 1.99 7.30 1.29 6.56 1.23  3.55 0.51 3.30 0.46 34.31
DL-5T1 14.60 34.80 4.32 17.30 4.14 0.80 4.21 0.63 3.59 0.72 1.89 0.27 2.08 0.29 15.40
DL-5T2 11.40 46.30 7.69 34.40 7.93 2.72 17.61 1.17  6.52 1.09 2.78 0.35 2.18 0.30 33.70
DL-5T3 8.96 20.30 2.83 12.50 3.62 0.61 3.47 0.53 2.77 0.54 0.53 0.22 1.43  0.23 13.80
DL-5T4 77.30 142.00 15.00 47.40 6.36 1.13  5.93 0.76 4.62 1.05 3.78 0.57 4.46 0.68 23.40
DL-5TS 6.87 18.10 2.76 14.40 4.09 1.03 4.41 0.70 4.12 0.71 1.83  0.27 1.85 0.27 18.20
DL-6 4.90 11.60 1.54 6.05 1.55 0.35 1.40 0.21 1.16 0.23 0.68 0.10 0.71 0.14 6.40
DLT 5.11 11.90 1.58 6.20 1.84 0.41 1.56  0.28 1.41 0.29 0.90 0.14 0.8 0.18 11.00
DL8 58.70 129.00 15.50 53.30 11.50 2.26 8.40 1.28 8.40 1.64 4.83 0.71 4.32 0.74 47.80
DL -9 -TI 6.33 18.00 2.87 13.50 5.45 1.41 5.25 0.82 3.82 0.63 1.72 0.25 1.62 0.30 19.90
DL -9T2 6.33 38.70 5.02 15.70 2.76 0.48 2.37 0.34 2.00 0.43 1.18 0.20 1.49 0.20 13.90
DL -10T1 52.10 106.00 12.30 42.50 8.44 1.48 6.383 0.83 5.69 1.18 3.46 0.54 3.46 0.51 36.50
DL -10T2 61.60 124.00 15.20 53.00 9.44 1.72 6.32 1.10 6.49 1.28 4.06 0.61 3.96 0.61 39.80
DL-11 4.66 10.70 1.36 4.37 0.98 0.24 1.01 0.15 0.76 0.16 0.41 0.07 0.46 0.10 5.43
DL42 5.05 11.20 1.41 4.85 1.27 0.22 0.85 0.15 0.94 0.14 0.45 0.07 0.46 0.11 5.45
DL43 5.42 11.00 1.34 4.79 1.13 0.23 0.8 0.15 0.83 0.15 0.51 0.08 0.54 0.10 5.23
NASC 32.00 73.00 7.90 33.00 5.70 1.24 5.20 0.85 5.80 1.04 3.40 0.50 3.10 0.48 27.00
PAAS 38.00 80.00 8.90 32.00 5.60 1.10 4.70 0.77 4.40 1.00 2.90 0.40 2.80 0.43 0.00
ES 4.10 81.30 10.40 40.10 7.30 1.52  6.03 1.05 0.00 1.20 3.55 0.56 3.29 0.58 0.00
ucc 30.00 64.00 7.10 26.00 4.50 0.88 3.80 0.64 3.50 0.80 2.30 0.33 2.20 0.32 0.00
* Chn. . According to Boynton 1984.
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Fig.8 Fluid mineralilized zinc( bright points) micro—veinlet showing by BSE ( left) and hematite veinlets( right) in the pelite
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3

Table 3 Statistical data of rare elements of the Shisanlitai Formation
Y REE LREE HREE  LREE/HREE (La/Yb)y (La/Sm)y (Gd/Yb)y 3Fu 3Ce
Chn" 3.29 2.11 1.18 1.78 1.00 1.00 1.00 1.00 1.00
DI4 27.56 22.96 4.60 4.99 5.55 2.27 1.95 0.67 0.87
DL=2 22.27 17.97 4.30 4.18 3.90 2.31 1.68 0.69 0.98
DL3 74.33 57.25 17.08 3.35 2.51 1.39 1.32 0.59 0.98
DL4TI 85.41 73.91 11.50 6.43 6.70 2.84 1.80 0.65 0.99
DL4T2 196. 04 159.06 36.98 4.30 5.29 1.06 3.67 0.57 0.95
DL4T3 128.32 119.17 9.15 13.02 14.26 7.90 1.20 0.46 0.95
DL4TS 209. 64 195.74 13.90 14.08 14.55 7.87 1.24 0.56 0.94
DL-O21018 290. 36 266.16 24.20 11.00 11.69 4.05 1.79 0.76 1.15
DL-5T1 89.64 75.96 13.68 5.55 4.73 2.22 1.63 0.59 1.05
DL-5T2 132.44 110. 44 22.00 5.02 3.53 0.90 2.82 1.07 1.19
DL-5T3 58.54 48.82 9.72 5.02 4.22 1.56 1.96 0.53 0.97
DL-5T4 311.04 289.19 21.85 13.24 11.69 7.65 1.07 0.56 1.00
DL-5TS 61.41 47.25 14.16 3.34 2.50 1.06 1.92 0.74 1.00
DL-6 30.62 25.99 4.63 5.61 4.65 1.99 1.59 0.73 1.02
DLY 32.69 27.04 5.65 4.79 3.87 1.75 1.41 0.74 1.01
DL-8 300. 58 270.26 30.32 8.91 9.16 3.21 1.57 0.70 1.03
DL9Y-T1 61.97 47.56 14.41 3.30 2.63 0.73 2.62 0.81 1.02
DLIT2 77.20 68.99 8.21 8.40 2.86 1.44 1.28 0.57 1.65
DLHO0T1 244.87 222.82 22.05 10. 11 10.15 3.88 1.49 0.62 1.01
DLH0T2 289.39 264.96 24.43 10.85 10. 49 4.10 1.29 0.68 0.98
DLA1 25.43 22.31 3.12 7.15 6.83 2.99 1.77 0.74 1.02
DL42 27.17 24.00 3.17 7.57 7.40 2.50 1.49 0.65 1.01
DIL43 27.13 23.91 3.22 7.43 6.77 3.02 1.29 0.71 0.98
NASC 173.21 152.84 20.37 7.50 6.96 3.53 1.35 0.70 1.11
PAAS 183.00 165.60 17.40 9.52 9.15 4.27 1.35 0.66 1.05
ES 160.98 144.72 16.26 8.90 0.84 0.35 1.48 0.70 3.00
UCC 146.37 132.48 13.89 9.54 9.19 4.19 1.39 0.65 1.06

According to Boynton( 1984) and Condie( 1993) : > REE =La + Ce + Pr + Nd + Sm + Eu + Gd + Tb + Dy + Ho + Er + Tm + Yb + Lu; LREE = La + Ce
+Pr+Nd+Sm + Eu; HREE = Gd +Tb + Dy + Ho + Er + Tm + Yb + Lu; LREE/HREE; ( La/Yb) y: La Yb; 8Eu =Euy/( Smy* Gdy) 1/2; 8Ce =

Cey/( Lay* Pry) 1/2. 23 24 25
( 1.23 1 ICP—AS ICP—MS)
o DLH018 . .
. 4.1
( 8 ); 4.1.1
1999 :
( 8 )°7. . . © DLH018
(010) (111)
19 Fe Cu Pb Zn Au ( 9a).
4
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Fig.9 Comparasion of backscatter electron images ( BSE) between clastic monazite and authigenic—diagenetic monazite

a. clastic monazites; b. ”man shaped ”authigenic-diagenetic monazite; c. “bird shaped” authigenic-diagenetic monazite.

4

Table 4 Noble metal elements of some sedimentary rocks of the Shisanlitai Formation

Rn( ng/g) Rh( ng/g) Pd( ng/g) Ir( ng/g) Pt( ng/g) Os(ng/g) Au( ng/g) Au( ng/g)
D14018 ( pelite) 0.07 0.03 0.44 0.04 0.49 0.08 0.17 0.068
DI1-5T3 ( limestone) 0.08 0.02 0.029 0.03 0.22 0.05 0.22 0.029
DL-STS ( limestone) 0.05 0.02 0.35 0.02 0.25 0.05 0.23 0.019
DL-6 ( limestone) 0.07 0.02 0.026 0.03 0.2 0.05 0.43 0.021
DLITI ( limestone) 0.07 0.02 0.34 0.03 0.27 0.06 0.65 0. 065
DLAOTI ( pelite) 0.08 0.02 0.32 0.04 0.22 0.07 0.22 0.019
DLA1 ( limestone) 0.07 0.02 0.25 0.03 0.02 0.16 0.23 0.033
DLA3 ( limestone) 0.13 0.19 0.33 0.06 0.67 0.28 0.13 0.28
( 4 : Fire assay)
10 N —
( :EDAX - METEK Made in USA;

X - ) ( )

Fig. 10 Typical energy spectrum curve for clastic or authigenic — diagenetic monazite
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5 DL-018 — (%)
Table 5 Chemical composition of 6 authigenic-diagenetic monazite grains of DL-4018 sample
by wave spectrum electron-probe analysis( %)
ALO, Si0, P,0; SO, Ca0 FeO Y,0; La,0; Ce,05 Pr,05 Nd O, Smy0; Eu, 05 Gd,O0; PhO  ThO, U,05 Total
Monazite( 1) 0.08 0.74 26.13 0.00 0.33 0.62 1.11 8.85 32.29 3.69 16.88 3.36 0.36 1.25 0.35 3.96 0.00 100.00
Monazite(2) 0.17 0.61 26.55 0.25 0.23 0.31 1.21 17.01 38.45 2.31 10.16 0.63 0.22 0.28 0.00 1.54 0.00 99.93
Monazite(3) 0.05 1.39 25.39 0.15 0.22 0.45 0.00 9.36 30.60 3.57 20.83 3.62 0.80 1.60 0.00 1.51 0.05 99.59
Monazite(4) 0.07 1.19 27.45 0.11 0.32 0.43 0.65 14.45 36.33 2.48 10.77 1.19 0.23 0.99 0.12 3.03 0.0l 99.82
Monazite(5) 0.03 1.90 24.07 0.03 0.24 3.00 0.71 7.43 26.98 3.79 21.44 4.01 1.03 1.45 0.13 1.63 0.51 98.38
Monazite(6) 0.00 1.06 26.46 0.06 0.41 0.21 0.34 9.43 33.52 3.15 16.13 2.63 0.35 1.51 0.28 3.81 0.26 99.61
( . SEM + EDS + WDS)
DLH018 6 —
Ce La Nd P,0, 11( 11 A.B.C
ThO 1.51% ~ )
3.96% o 4.2.2 —
4.2 _
( BSE) “« o Y P
5S5wm 7 pm DL4018 N ( 13).
(49.13%) . 4.3 (SHRIMP)
(16.69%) . (14.58%) .
(16.85%) . (2.75%) . 4.3.1 SHRIMP
4.2.1
28
DL4018 N
oledax32\genesis\genspe.spe 12-Feb-2009 10:24:31
LSecs:101
4.6
P
3.7
b
2.7
1.8+
Q
o
0. 0 T T T T T T T
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00
Energy-keV
cledax32\genesisigenspe spe 12-Feb-2009 10:26:07 clledax32igenesisigenspe spo 12-Feb-2009 10'2?‘36
1o LSecs 30 s LSecs 54
- ” T
1.04 3.7
Si
0.74 2.8
k K Cnt
0.5+ 1.3+
(8}
0.0 T T T T . T T i T 0.0 T T T — T T P
0,00 1.00 2.00 3.00 4,00 5.00 6,00 7.00 0.00 1.00 2.00 3.00 4.00 5.00 6.700 700
Enerpy-keV Energy-keV
11 (A). (B) (€
Fig. 11 Base Scattered Electrodmages of detratal grains of xenotime( A)  zircon( B) and rutile( C) and their energy spectrum curves
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Fig. 12 Base Scattered Electro-image and its energy spectrum curve of authigenic-diagenetic xenotime:

“cat shaped” xenotime( left) and energy spectrum curve of xenotime
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Discovery of A Neo-Proterozoic Pelite Bed Containing REE and
Noble Metal Mineral Assemblages from the Dalian Area China

SONG Tian-ui SHI Yu=uo

( Institute of Geology Chinese Academy of Geological Sciences Beijing 100037)

Abstract: Neo-Proterozoic Sinian System of the Dalian District where is the only one outcrop area in North China is
recognized as a geonappe from South China Sinian System. The Sinian strata in the tourist scenic area of Golden
Stone Beach area are composed of 7 formations ( in ascending ward) : the Yingchengzi( Z,y) the Shisanlitai( Z,s)
the Majiatun( Z,m) the Cuijiatun( Z,c¢) the Zhoujiaweizi( Z,z) the Wangjiatan( Z,w) and the Xingmingchun( Z,

REE minerals and noble metals bearing pelite is included in the Shisanlitai Formation which consists of rose col—
ored stromatolite carbonate beds therefore the tourist scenic spot be named “Rose Garden” in the Goldstone Beach
Scenic District. There are several greenish pelite beds where monazite and other REE minerals are found in the
Shisanlitai Formation. Two beds among them are relative thicker than other and more metal minerals are discovered.

According to the change of ratio of FeO/Fe, 0, in strata the main body rock of pink stromatolite limestone oc—
curred in an oxidizing environment however the greenish pelite in a reducing environment of a locally restrict area.
Besides a comparison of light rare earth elements ( LREE) with North American Shale ( NASC) shows that greenish
pelite contains more LREEs but pink stromatolite limestone consists of less these elements than NASC. Further distin—
guished by three end — member diagram ( La + Ce + Nd Sm + Gd + Dy and Yb +Y) the sediments deposited location
of distance from marine beach shows that the greenish pelite beds should be near continent but the pink stromatolite
limestone be far away from continent.

This paper issues a very rare slight metamorphosed Neo—Proterozoic pelite which includes clastic and authigenic—
diagenetic monazite xenotime grains as well as native gold Ir-Os Ir metal grains zircon rutile apatite ilmenite
hematite etc. heavy mineral associations and some rock forming minerals. The pelite beds belong to Neo—Proterozoic
Sinian System the Shisanlitai Formation which are composed of the interbedded reddish stromatolite limestone and
greenish pelite intercalations. The sedimentary environmental textural facies indicators shows that there were a carbon—
ate shore reef regions near the continent in the Shisanlitai Stage which involves some likedagoon restrictive small ba—
sins under the reduction and oxidation alternation chemical condition and creates the favorable micro-environment for
REE molecular exchanging to the authigenic-diagenetic monazite ( “man-shaped”  “birdshaped”) and xenotime
( “cat-shaped”) in the syngenetic deposition and diagenetic stages. The noble metal grains are mainly clastic origin
but Au Zn Cu and Pb are related with ore-made fluid. North China platform with the abundant REE elements and
the noble metals is the original source of the Neo—-Proterozoic REE minerals -noble metals bearing pelite.

Key words: Neo-Proterozoic; authigenic-diagenetic REE minerals; noble metals; pelite; Dalian



