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REE geochemical characteristics of paleokarst reservoirs in Huanglong
Formation of Linshui ( eastern Sichuan) — northern Chongqing area
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Abstract; The carbonatite paleokarst rocks of Upper Carboniferous Huanglong Formation constitute one of the most
important natural gas reservoirs in Linshui of eastern Sichuan — northern Chongqing area. Based on structural fea-
tures of karst rocks, the authors have divided the karst rocks of Huanglong Formation into four types, namely slight-
ly corroded karst rock, medium-degree corroded and porous karst rocks, strongly corroded brecciated karst rocks
and strongly corroded and altered secondary gray-karst rocks. Moreover, two types of cements of limnic calcite and
limnic dolomite and hydrothermal dolomite of reburial period are included in the karst rocks. A synthetic analysis of
geochemical characteristics of rare earth elements has led to the conclusion that karst rocks or cements of different
rock textures, components and corrosion intensities obviously have different REE geochemical characteristics. It is
thus thought that the migration, distribution, enrichment and abnormal effects of the REE can not only be used to
distinguish fluid properties and paleo-hydrologic conditions but also serve as one of the important indicators for eval-
uating and forecasting paleokarst rock reservoirs.
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Fig.2 Comprehensive column of lithology and paleokarst system

of Carboniferous Huanglong Formation in eastern Sichuan area

(after Zheng Rongeai et al. , 2003)

Rl A S U e B o, s A AR W B0, A H
Bl T, HoA T R A M 2 SRR M ER AL 27 R A
NPT A FE R X EEARHE o
2.2.2 AWAR

KT A8 AFAE— 73 B, AR UM TEOR AL
AR K i At 3y DX P4 DU )1 238 3 7 30 WG A
Bt e A 1 R MU A W E D 5 1 P 0 ==
P 32 Bl AL T [ T2 A DR I DX S oy o v R R ORR
FRAFE,2003) o AN SO K TIRAKORT JFUA A7 1 e
1 58 S AN ) 5 R R (B BV T A B i
IR 7 5 S5 HE AR 3 7 S ok ) B 2 TR Y e
Yy, VLSR5 B A TG W] A ) 5 i F R ) o B
T A a0 T ik 4 FhIER

(1) S ea s BB R MO s Bk
JRAE RN 25 T 52 P i RO Sl ik A

M=, v 22 AUR B D m LN 5%, fLIR L
H2% ~5% BiEFEN0.1x1077 ~1 x10 P um’, N
HEETURAL KBRS, FERE T Chl B,

(2) AR 2 LR ST o : 22 UKL B R
23 8 A2 = 8 1% RV T R AR 2
TVEFI ) (B A 45,1996 ,2003 ) , &g £L 7
7 I AEFIAL s AR T L FLBRE N 6% ~16%
BiBEHE N 10 x107° ~100 x 10 7> wm?® | 3% 38 P v
Wi Bt , 2808 TR LA h-m AL b Eg
ittt WF9E X e 4 <O 3 0077 2 I 2 R 248K
MR FEEF T Chl° B,

(3) SR A RRIR S5 A SRR X E R A
TR, A2 ST T I 0T BRI T KK i 2l
FU T e s 3 S 31 7 D M AL S 1Ay G T i A
FRE W o FA R B0 I Tl 2 0 8 e R T A # 45
PR o3 2 5 58 (B 2R A 45,1996 ), W] 4l 43 R JK i
BRI o USRS R AR K 55 U A Bk
AME R AR fAtkE . AR KA RZEL
RAEEE , — LA = AR A L A8 B N R E
R 2= 50 5 AR Bk o i SE D e At ALy
6% ~12% BB 1 x107° ~10 x 10 7 pum®, DL 244
~FLBR AL AL PR RN O e SRR
fEIZRT, T B R E L HLL CRP BER A
LU AR IR E -

(4) mEmERRERTE B NEE T
Cohl' Bt HF 25 ok 2 B A A0 T BR— i S I 48
MR SRR U R R R E R s A R A iR
PR e e SR X RANVE B AE R (B o A4
1996) , FEIRAE SR K P AT K B A TR AR 1 B )
TR 2R TR o 1T i e IV il AL TR B8R
R I Ty A s SN TR LR AN 1% ~4%
BB <1 x107° um® Yt IR RKILIRS
2.2.3 sk

FERRAK T A AR K = A R, A
A S OIR B A RLIR A S A, DL SRR A R ) 1) 25
BRANB R AL R AN 3 R 2808 T8 16 R
TS UTTEY) , Jr B 52 3 SR UK, Ja T s v i 4 Ut
WY I H Z Ui BIE it B, 2 88 il KX
IKUTTED) , 507 i a4
2.2.4 PRRIEASA

R S e A T e L A A s E A R
TTNER L SIS PV SDE TN NN TTEET 2 /N



40 Fe)

fa oW

2L Ju

S %28 %

HATPCRTECBLG O 35 R Ak, 15 B8 20 3 o i
JEH L S TR CRE ) , S Bk I A

3 BRI AR LR kb

FAFAIE

B 100K (REE) /R0 — AR, EATRER AT fb
AT BB SE — B, IRk SUAF AR EL 0088 AR R
HIAE R R RIS A, M R —E R
W e TR RS e e, I LB Y 7 H sl A7 IR 25 2
ET a0 HEaEA T RFICRA 1R R A
KEIREICR A G RRIE. L, a5 % i L
JLER S AR B SRR AR FE, MR R R

YERT, RV AT B R FLAE A SR AR FLAEE , AT & W) 5 v A
(R A, I T LA A 5 T R B8 ) 1 53 ik (2%
FE T ,1999,2000) . WA REE /%) 434ii AL 73158 2K
AE AT b B2 L4 5ok U5 A5 B ( Banner et al. ,1988) ;
1M 8Ce F1 dEu 55 AT FH LA il P45 b 0 3 ik 112
R WI IR A  BRAL 2 S5, G 8Ce ) IRAE Ty 1) iE
R 17 5 i A A R I AR PR B AR A, T Eu (967 5
D] b BAE B 30 Tl I R U A PR B v (I R AR,
1994 ; X1 1% % ,2008 )

BT IREN ‘A RE i REE 2 BURRAE 36 1, Hild
SRR P BRORE B2 47 ( Boynton, 1984 ) FrifE 4k (&
3. 4) T IHRKG XS AR LU RE S RE T A S R
TCR HERAL2E RS T HAR A FHE

F1 BREERE ERETREYER LI TRIFE wy/107°
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Fig.3 Chondrite-normalized REE distribution patterns of different karstified rocks( after Boynton, 1984 )
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Fig.4 Chondrite-normalized REE distribution patterns of
different karstified rocks and carbonate cements
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dolomite
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Fig.5 La/Lu versus SREE diagram of different karstificated
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Fig.6 8Ce —3REE(a) and 8Eu —XREE(b) diagrams for different karstificated rocks and carbonate cements(legend as for Fig. 5)

JUZERE AL Bu S W] A2 20 v — 28, P s A I 1l
THSE PG AR T 1 28 B o, BRI
i B DR R 0 TS R R R Eu 5 TR R

4 g

(1) a5 & RER AR NI LT £
fIE AN WT A 3 LBk B R = e 5 s
BATRE W = AN AR e a2, £ %
T FRAEVEVE IR, JE B T8 I BRI T i AR
A K AR I MR H, 6 2 T8 B 78 v B A
REE [iE R F5ALrE

2) WREMEGELIED, SREBSHER
Fis +OCERIT R 5 T E A RO, I H A
Bitis hss BE K, SREE 5 La/Lu fil 8Ce # TR 4T
FERYHRE AL, SREE 510 Bu S fAAE — 8 B IEAHDCE
ERA T A 2 T8 B TR AR B v, 2 AR 1 —
P R R

(3) ¥RIKIT A A ) R e e ity 30 S AT
RATKIMATTIEY) , 52 5 v it B 4 o o
KT HA A IR U ], i s VS T O LUE IR
KA HARKH I R FENEE TER -
TCR P IR K A0 IS5 ) 32 B A b 2 1)
BERWAVERN B EBOKTIEY, KooKk
O BRSO A I — B A i TR A
SR P % R TR AR A T X s e R o SRR
BEA V2 5 B BN R, G 2 Bl 459 SREE 5 La/Lu
3Ce Fil Eu AR EN W B iy ]38 fl a3

(4) R PGRAR I H 7 H =41 1 Eu 55
TR, S AR A P R 0 TR D A .

(5) XA Fras i iy FAS ] b it B2 1) oty
HRZ BARSC IR L e B AR R AT
ST, TR SR 7% i v o 8 AR P v o (2
TR AR AL IR 25 1) Ry K SCAR A, D B
FIPEA it A R S BT Bt Bk AL 5 B ARR S

References

Banner J L,Hanson G N and Meyers W J. 1988. Rare earth element and
Nd isotopic variations in regionally extensive dolomites from the Burl-
ington-Keokuk Formation ( Mississippian ) : implications for REE
mobility during carbonate diagenesis [ J ]. Journal of Sedimentary
Research, 58(3): 415 ~432.

Boynton W V. 1984. Geochemistry of the rare earth elements: meteorite
studies[ A]. Henderson P. Rare Earth Element Geochemistry[ C ].
Elservier, 63 ~114.

Chen Deqian and Chen Gang. 1990. Applied REE Geochemistry [ M ].
Beijing: Metallurgical Industry Press, 59 ~172(in Chinese).

Gao Changlin. 1992. REE geochemial characteristics of carbonate rocks in
Southern Qingling, Shanxi province and their paleo-oceanologic significance
[J]. Geochimica, (4): 383 ~390(in Chinese with English abstract).

Hairuo Qing and Mountjoy E W. 1994. Rare earth element geochemistry of
dolomites in the Middle Devonian Presqu’ile barrier, Western Canada
Sedimentary Basin; implications for fluid-rock ratios during lomitiza-
tion[ J]. Sedimentology, 41 787 ~804.

Lei Guoliang, Wang Changsheng, Qian Zhixin, et al. 1994. REE geo-
chemistry of karst sediments in Guizhou province[ J]. Acta Mineral-
ogica Sinica, 14(3): 298 ~308 (in Chinese with English abstract) .

Li Dinglong. 1999. Paleokarst and paleokarst geochemistry: concepts,

current situation and perspectives [ J]. Geological Journal of China



44 e

fa oW

¥ 28 %

Universities, 5(2) : 232 ~240(in Chinese with English abstract).

Li Dinglong. 2000. REE geochemical features of carbonate rocks and its pal-
eokarst significane in the Ordovician in Northern Anhui[ J]. Earth Sci-
ence Frontiers, 7(2) ; 353 ~365(in Chinese with English abstract).

Li Dinglong and Wu Guanmao. 1999. REE geochemical characteristics
and its paleokarst environmental marks of Ordovician in Northern An-
hui[ J]. Coal Geology & Exploration, (4): 10 ~15(in Chinese with
English abstract) .

Li Jingyang, Zhu Lijun, Chen Jun, et al. 1998. Rare earth element distribu-
tion in weathering crusts of carbonate rocks,Guizhou province[ J]. Car-
sologica Sinica, 17(1): 15 ~24(in Chinese with English abstract ).

Li Jun, Sang Shuxun, Lin Huixi, et al. 2007. REE characteristics and its
geological significance of the Permo-Carboniferous in Bohaiwan basin
[J]. Acta Sedimentologica Sinica, 25(4): 589 ~ 596 (in Chinese
with English abstract) .

Liu Jianqing, Jia Baojiang, Yang Ping, et al. 2008. Characteristics of the
paleo-oil dolomite REE geochemistry of Buqu Formation in Southern
part of the central uplift zone of Qiangtang basin and it’s significance
[J]. Acta Sedimentologica Sinica, 26(1) ; 28 ~38(in Chinese with
English abstract) .

Lu Hongbo and Jiang Zaixing. 1999. Application of geochemical analysis
of rare earth elements in the study of lithofacies paleogeography[ ] ].
Journal of the University of Petroleum, China, 23(1): 6 ~8(in Chi-
nese with English abstract) .

Qiang Zitong. 2007. Geology of Carbonate Reservoirs[ M ].

147 ~157 (in Chinese).

Dongying
Petroleum University Press,

Sedimentation Institute of Chengdu University of Technology. 1989. REE
geochemisiry during the sedimentary process[ J]. Lithofacies Paleo-
graphy, (1): 58 ~66(in Chinese).

Wu Mingqing, Ou Yangziyuan, Song Yunhua, et al. 1992. Paleoocean
redox change in western marin of Tarim Basin—evidenced from REE
anomaly of shelly fossils[ J]. Science in China(Series B), (2) : 206
~215(in Chinese with English abstract).

Zhang Tingshan, Chen Xiaohui, Lan Guangzhi, et al. 1998. Distribution
and geological significance of REE in the Silurian of Southeast Si-
chuan[ J]. Journal of Southwest Petroleum Institute, 20(3) : 26 ~30
(in Chinese with English abstract) .

Zheng Rongcai and Chen Hongde. 1997a. Geochemical characteristics of

trace and rare earth elements of paleokarst-reservoirs in Huanglong

Formation of Eastern Sichuan[ J]. Journal of Chengdu University of

Technology, 24(1) .
Chen Hongde, Zhang Shaonan, et al. 1997b. Stable iso-

1 ~7(in Chinese with English abstract).
Zheng Rongcai,

topic characteristics of karst-reservoirs in Huanglong Formation from
Earth Science, 22(4) ; 424 ~ 428 (in Chinese
with English abstract) .

Eastern Sichuan[ J].

Zheng Rongcai, Li Demin and Zhang Shaonan. 1995. A study on se-
quence , stratigraphy of the Huanglong Formation, Upper Carbonifer-
ous in Eastern Sichuan[J]. Acta Sdimentologica Sinica,13 ( Suppli-
ment) : 1 ~9(in Chinese with English abstract) .

Zheng Rongcai, Peng Jun and Gao Hongcan. 2003. Palaeokarst-related

characteristics and cycles of carbonate reservoirs in Huanglong Forma-

tion, upper Carboriferoul, eastern Chongqging[J]. Geology — Geo-
chemistry, 31(1) : 28 ~35(in Chinese with English abstract).

Zheng Rongcai, Zhang Shaonan and Li Demin. 1996. Origin and researc-
hing significance of breccias in the Upper Carboniferous Huanglong
Formation, Eastern Sichuan [ J]. Journal of Chengdu University of

Technology, 23(1) : 8 ~18(in Chinese with English abstract).

Bt Hp 325 % STk

FipEr:, Bk I 1990. S FHHG £ oC ek b2

Mt ,59 ~172.

IR Hb T B DU AR T 1989, PURRAE HI R B vh s - om R b Bk Ak 2% [ ]
AR HLEE (1) 158 ~66.

%“KM\. 1992. B 74 R U4 B R 3k 2 1) s & T 3 4%

J1. #usRAk2F:, (4) 2383 ~390.

I EQ TR AT, 51994, TN E R DIR)FG + o R Bk fbF
ﬁﬁﬁ[]]-@“%+i‘k.l4(3);298~308.

ZE5E o 1999, A VAN L A Vi b IR AL A4 A
g ,5(2) 1232 ~ 240.

AR M. 2000. fig LBV RBRFRER A £ 0 R M BR AL 2R IE S A
R[], Hh2ERiT%%,7(2) 353 ~365.

ZE o, R 1999. gt B K F M £ o0 H ML RRAE SO AR IR
Fraz[J]. 4 b S HER, (4) 210 ~15.
A, RS R 5,58 1998, SHMBRIR SR 2

FROELT]. AV 17 (1) 215 ~24.

2 BRI RS, A 2007 BT A A Rk S R L TR R
E R Hosth s SCL T ] DURRZER ,25(4) 589 ~596.

XIHEWE  BIORIT A 1, 45, 2008. JESHAHb T e i 7 7 ] Fé%ﬁ)ﬁf
B IR IR AT Hh 2 ol Y 5 A OC R AR AR SO R B (]

T2z ,26(1) ;28 ~38.

Etil, L AE DL 1999, H5 + 0 F HERAL 2 A 1 Ay BRI 58 R Y
NI AR 2E R (BRI ,23(1) :6 ~8.

SRFIR]. 2007, BRERER AAEZ 2% [ M. A8 rh LAl o= AL
147 ~157.

S WRBH B3, R, 5. 1992, 3 BUA S PG 2 Vg v S fLad i
AR — AT A O Lo E A R IR ], R E R
(B#),(2):206 ~215.

FRAE L, PR R, 2. 1998, )1 45 B L X A5 B8 40 o0 R A A K
BT R LT VRS A =B aE R, 20(3) 126 ~ 30.

A, ZAEAL, SRS 1995, )R B IR AL KSR S )2 14 )2 17 Hb )22 2%
WHEEL ] IR 13 () <1 ~9.

HERA, SRR , 2L 1996. )1 AR 2 0 41 A ik i P A 9 3
[J]. BERHE T e 4,23 (1) <8 ~ 18.

HORA, WRULE. 1997 a. JIZRE I ALl 5 1 )2 0L AR o0 R b Bk
12 »TE[ 1. AR L2 B4, 24 (1) <1 ~T7.

HERA BRI, SROEAR , 55, 1997b. ) ZRE At A V2 e g IR S0 3R

M]. Jexsth

STkt

IE R ety g 2 T

SOFRET]. R

WATER 1IR3

EEQEAL

oy

FIGLAVERT T ] HubRR—— T E B2, 22.(4) 1424 ~428.
IRIA % LI 2003 I 7R B R AL RR IR Hh 5 ik R 0 A TR

AERAFRHE I [T]. otk ks, 31 (1) .28 ~35.



