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Abstract: China is shortage of manganese mineral resources. Although manganese orebodies have been widely studied by
scholars,characteristics and genesis of soft-sediment deformation in manganese ore layers are unclear. Hurun manganese ore is
located in the periphery of the super-large Xialei manganese deposit in Guangxi. A number of liquefied deformation structures, such
as liquefied sandstone, liquefied micritic (sparry) vein, autoclast breccia, liquefied diaper, micro-corrugated lamination, and syn-
sedimentary microfractures, occurred as soft-sediment deformation in the I[+III ore layers, and the complete deformation sequences

can be seen in some areas, while the ore layers were overlapped by later strata. This kind of structure not only extends horizontally,
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but also repeats vertically with a long span, developing from Late Devonian to Carboniferous, which is consistent with the typical
soft-sediment deformation structures related to seismic genesis. In addition, the geochemical characteristics of REE show that the hot
water participated in the mineralization during the ore-forming period, indicating a strong extension of sedimentary basin during the
mineralization of manganese deposits in a lower slope zone of the aulacogen. Comparing with famous large or super-large

manganese deposits at home and abroad, it is considered that the soft-sediment deformation is closely related to the mineralization of

manganese deposits and it can be used as an important indicator for ore prospecting.

Key words: Hurun manganese deposit; soft-sediment deformation; caused by earthquake; extension; prospecting criteria
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Fig. 1 Regional geological diagram of Hurun mining area
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Fig.2 Columnar comparison diagram of the sampling borehole
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HEATIK, B — R0 AR 0Bu o 0.99 4b, A
i OBu B KT 1, Hh w7  6Eu F3¥1{H 1.24, FlIA
SEu FXIMH 1.51, ARX KT EH M EHH Bu
TSR H, W RE S RAEN B T8 A 8 (1991) %) 43
) R K TR DX 0 5 B8 K AR X (22 I 1 A
W), UK S5 RS ST
6 i1t
6.1 BURFAER R E 7

TR XA A F K B, AT

N XOKREOR, J& T H R R 2 X (A
B, 1991) . 77 H ISR O AR, ST E R R A

AL (B A4, 2006) .

FE5 | TSI 75 R v, bR B PR
S BA R IR bR R . N7 O X H
TTRGVAN L, W4 | PRI TR S | ks 4%
gUI WA K. Ye(5E) Al Bk, BOIRE L bl ek
L, R A s R A ] U RR A T AR s (67 ey #4135
BR-BURA . A MoKA ) R A T i
A BKIE L A A 1 | BRI R R R A
LGN RERUE MR R CRREL, 1988; RRHLAE,
2009; 7775 4, 1994, 1997, 2009; A3 4= 25, 2000,
2001, 2005; XIfB2&, 2001; B\l 4%, 20025 F25E £5
45, 2002; BETENEEE, 2003; FERE 4R, 20065 H AL
45 2007; IEIR AR, 20115 5K KUTE 45, 2015; fa] 2445,
2016) . B WFFE B, 7T bRk 25 7R 5 1= 5 |
DT AR T AT X (BR/NA 4, 2020) o [RIEFBRAR
H R AT ST R B, TR 8 R B R kAR A 2 R
(RS, 2007; BT 45, 2021) . F775 K55 (1994)
RS TT L B R R R R A R s Ak b
BIPH, AT A U85 k3 sh A 0T . WAk
BMATY | RARE SR T, EE SR
W25t

i B P ERTTRR AR I BT 2 0, Bl 20
(R o5, e LB T e 1) b B HoA R RV R
A ERGTARAZIE , AT LABR A b 72 il (7 75 45,
2009) ., MEAh, R A AR (2017) A A F 5 R G AR AR

R AT XAETERIESTL ZK2012 |+ T ERETURREEXTESNERE (%)
Table 1 Results of major element analysis of borehole ZK2012 Il + [l ore bed and its roof and floor in the periphery of

Pulong section in Hulun mining area (%)

FEfh ZK2012- ZK2012- ZK2012- ZK2012- ZK2012- ZK2012- ZK2012- ZK2012- ZK2012- ZK2012- ZK2012-
%5 H9 H10 H11 HI12 H13 Je1-A KI1-B H14 H15 H16 J&1-C
HA %Jﬁ sz mEha 042 %@Jﬁ @jﬂ 3 fik 152 fik %%Jﬁ
A mERE O WRRE O RE W BRE mEKE KA IR R#E HEFUE
AlO; 2.83 2.86 0.13 1.86 3.29 2.89 0.53 1.15 1.44 1.19 4.69
Ca0 11.95 14.35 9.57 10.65 9.41 42.60 31.90 38.90 35.90 46.60 17.15
TFe,0;  1.78 8.58 2.56 8.32 227 1.14 0.62 0.94 1.53 0.87 1.95
K,0 0.75 0.64 0.04 0.33 0.92 0.73 0.03 0.28 0.40 0.33 1.38
MgO 0.99 1.80 0.82 3.43 1.18 2.58 0.36 1.26 1.72 0.94 1.86
Mn 0.97 7.82 4.79 14.25 1.63 0.09 0.93 1.52 2.08 1.05 0.12
Na,0 0.06 0.11 0.03 0.08 0.05 0.20 <0.01 0.04 <0.01 <0.01 0.04
P,0; 0.06 0.37 0.11 0.32 0.04 0.02 0.03 0.05 0.10 0.04 0.02
Si0,  67.65 34.57 66.74 29.01 69.88 13.50 37.25 21.40 22.95 9.70 56.34
TiO, 0.15 0.13 <0.01 0.09 0.19 0.12 0.01 0.05 0.06 0.05 0.19
SO, 0.69 13.75 0.91 0.46 0.15 0.37 0.94 1.34 2.59 1.44 0.46
K1k &  11.40 14.99 11.91 24.73 10.22 35.85 25.91 32.02 30.38 37.44 15.37
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Table 2 Results of REE analysis of borehole ZK2012 |l + Il ore bed and its roof and floor in the periphery of Pulong

section in Hulun mining area (10)

FEMh  ZK2012- ZK2012- ZK2012- ZK2012- ZK2012- ZK2012- ZK2012- ZK2012- ZK2012- ZK2012- ZK2012-
%5 H9 H10 HIl H12 H13 Je1-A k1B H14 H15 H16 Je1-C
HA O BRSO M2 &ERE 04)F &% TR T T B e Tk R 5 )i
SR RERUE WREm O RE WS REE RETKE KA K KE A
La 15.0 40.8 9.7 21.8 12.4 14.9 8.6 7.5 9.6 8.6 15.6
Ce 2540  109.00  21.20 54.00 23.90 2330 12.60 11.70 15.95 12.55 32.60
Pr 3.73 9.81 1.65 426 2.94 3.45 1.68 1.62 2.10 1.85 3.75
Nd 14.9 36.6 6.6 16.8 115 13.9 6.6 6.5 8.5 7.4 14.7
Sm 3.04 7.94 1.23 3.22 2.40 2.98 1.44 1.32 1.80 1.55 3.10
Eu 0.64 1.82 0.31 0.73 0.50 0.72 0.41 0.29 0.39 0.33 0.60
Gd 2.67 7.66 1.36 3.42 1.97 2.94 1.61 133 1.79 1.62 2.61
Tb 0.40 1.16 0.20 0.51 0.31 0.45 0.28 0.21 0.27 0.24 0.41
Dy 2.15 6.50 1.25 3.09 1.66 2.51 1.89 1.29 1.72 1.41 222
Ho 0.43 1.27 0.26 0.62 0.35 0.56 0.41 0.27 0.35 0.32 0.48
Er 1.06 3.27 0.73 1.73 0.91 1.62 1.19 0.78 1.00 0.91 1.34
Tm 0.15 0.44 0.10 0.23 0.12 0.24 0.17 0.11 0.14 0.13 0.19
Yb 0.94 2.62 0.60 1.34 0.79 1.43 1.04 0.66 0.85 0.79 1.20
Lu 0.14 0.37 0.09 0.19 0.12 0.21 0.15 0.10 0.12 0.11 0.18
YREE  70.65 22926 4528 11194  59.87 69.21 38.07 33.68 4458 37.81 78.98
SL/SH 79 8.8 8.9 9.1 8.6 6.0 4.7 6.1 6.1 5.8 8.2
SEu 0.68 0.71 0.74 0.67 0.69 0.74 0.83 0.67 0.66 0.64 0.63
5Ce 0.78 1.25 1.16 1.25 0.91 0.74 0.74 0.76 0.81 0.71 0.98
Wi EE THRMHE, MGG REA N4 [ 62 FRARTHEAMRENX

DURRWT L, [RIDUARRR 8. R A o 25 ) AR DT
I T

AR X+ 2 EGURAR T RRAE I 5,
FRAP K WAL VE (52 dt bk . WAL IICEY | kY SO
WAL LA TE . F RS A0k, T . R iR
Wizd, HA AR BUARRE, B 5 ki A 45 (2017)
LG5 (1) 1 72 R R B AR TR AR TR M i L A R E VI
[ P 7E A X ZK2010 T+ 4 2 o 2= /0 a] L —A 5
TrF5 I A5 (1994) FL 4R Shl (L b 72 )7 51 (14 SE) .
AN, 102 W & B WAL B /B HI (K 6F, K 8B,
C), HTH & & VIR AR (E 8B, C); L F4
(Cpob) A & BRI B I AR TE (T8 8A)FF A5 7%
HIE 5 OB Al 5l ZEAN TR T AR AR A2
ASE LI 380 F8 B TTC AR AR T L T A 2 1) UL 2 (g AN
(i) ) ) b 2 e, 1060 S22 o A R A AR T 2l ]
SRR T ) F R, A5 A TR 5 R AE(2009) 1R A
PRR TR AR 1 LA 0 [ 0E e A0 2 [ o0 52 44 110 U A
A IX A T RA 1S R PR Y246 (TKAESE, 2016),
WA X T+ T 2 SR URRAR T 0 A i R R A

HiR B B i 2R E A AR, SRR R A,
I, B RAR R R R IR, R, BA
Wi S e (SRS 1E 25, 2020) . H R WIEA X 4K0T
FURTE R A, JROTRRAS T 2 A . e AN [R] B S 08 1)
FIARDLRRASTE , Wi 7R 5 8 DX A R 1 de 2, ok T
Z IR R TR B . AR TR HiER A2 Rk 2R
PORZS 5T S V6, JRUE T RAEH 1A
s, AT 5 B P 1R I Bl T A R B IR, K
K Mn® 1 i, A IR B TR

W DX AT R AR T s e (18 4 2 b 5 33 B %
TMAAESEZ (SRR A )ZE ) 28 IR X B A8 R
YER . BF5E RIS S0 UTRUE K38 U
PR P 2 (R4, 2007, 2013), 2432 1E R B%
TR SAB LRI , AE5E 2 i i e it (A v 24
EBB(E/NTES, 2021), M EMELEED
RAUEVE IR TE A2, PR e A T3 i) i i
SAHE (FEZEREE, 2012), RZ RS Y Fe, Mn, P,
S ZEZH A3 R4 (26T, 2017) o AR KA FLRE S 943
Wb SRR, 972 BRI Fe, Mn, P. SHIH
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JZ: 4. ZK 2012-H12, 11 % ZBREH A 5. ZK 2012-
H13, II+IH" 2 B4 RS AR S 6. ZK 2012--1-
A, T+ 2 AR & Je i K %A 7. ZK 2012-%-1-B,
M+ 2R B R K %55 8. ZK2012-H14, 1 W 2 HE
TR BEJR K s 9. ZK2012-H15, [ # 2 SRR K45
10. ZK2012-H16, 1 # 2 E4RRRER KA : 11. ZK 2012-
Fe-1-C, T HJZ MG oA o o

9 GHIEE X$hFL ZK2012 # &% L T RERRIPR A FRE
KEC Bz (AR EIEHE Boynton, 1984)

Fig. 9 Chondrite-normalized REEdistribution patterns for
the borehole ZK2012 samples from Hurun mining

area(normalized from Boynton, 1984)

F(F 1), B8R T HUZ/E R XHm S 2 B 200
BT R T W R IR, 8 AN T ARAR S ]

VA XA R ORI AL B s B F s T
WX 2 IR R B A KR8 G (8 A5,
1991; X7 HE S, 2016) S W8 e DU ARG i (75 %
FRAE, 2021) S FUTRASIE s 52 M K3l =CAa 0 IR &
B KRB T Wt X DU AR I () 15 45, 2007,
2013) . BBAb, 25 44 0 RS AR B R 1 BT BR R T R
KAVERA R NGRS RRA R IETR
Wi WAL AER IR R B (PR B 6 X5
BT, 20217) o FUTAU I 76 45 K- R B
IR A3 &, 22 R DTRVAR TE & B IR R
A B R bR

7 i

(DG XA =R LT, ALK,
BALHD | GBS AL Bl | SRR T 243,
JE H RS A BB IE 7= )

(2) AR A DX 22 ) RO RRAE T R B AR IX i
JRAE IR AN, Al ok T HRoK B 25 il i o

G)IEARE" . T EE . SN RIS R

LA W S i R AR AR Pl K B LA
ARG, BTV K B AT AR O R A 1) B 2R

brio
R

@ I A DX A B, 2016, 7 7 ok 7 LA R B U
AR [R].

@ I A DX A . 2021, 7 7 o P SR X R B AT
FEIBR IR Bl B4Rk i [R].

@ I A XS R A B 2021, R AR AL A m R AR I By A
R A AR (R].
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