91 & %09 1 .
20174E9 ] 2105~2118 oo o iRk

ACTA GEOLOGICA SINICA

Vol. 91 No. 9 2017
Sep. 2105~2118

11 2 b 5T 430 X 20 3557 48 2 454 5 48 B0 TR 4 3+

KAV ARV AET ETED AR R EY
1) o K I 0 T AU 5 9 5 46 0% T 4102249
2) oK (AR HUBRFL S 5 H R LR 5 4266580

ABRE U XK H 0 N BOR LR EE R & LUBIR AL B IR E N £ B TS E . Ak
T AR B Ot AT D SR AR VR L A X DS B AL AL BRI B R W A R AL 2 B A SR A BB S
] P9 1 S Y B 0 o X L 48 s B 5 DX A o B Al B o B0 TR B 0 S o R B DA i R T RE . AR
FWL T 5T DD BAT B0 B BB o T R IR S e T R A b A AR s BB DL b T SR RS TR 45 W S L
58 A R SR TR 4 AR AR T 0 Sl a b o fLI 2 D 3 e 24k 2 h R BRCALL R 2 78 IR O R LR 0 1 22 5 i 210
ERE . W E BUR AR o 32 B DU TR SRR — i LR A 22 SRR AR L B B R IR S B IR SR
RS e Je ik A B B A A RRCE B B R R T T AR S A S S TR S5 RE 45 4 T B30 A e ) R ol A
MARRE s Z R A EAL Y Bom B 5 2 7 1T v A B B R TR 3 e — 20 0 55 Bt/ R BB 4 L 0 4 e M B A
55 [ P9 A1 st 7R 0 1 o OS2 T 0 D S A AL R D X R AR R SR RE T A B . T X AT AL ]
AL EE T 800 (K A8 H b8 W ThE A T b A R B s <2 .

RBBIR 5 1 00 s FLBR S 5 i AR 0 ik s BTSN 2 s T3 X

I 5 1] B 0 X 2D S A0 1 2 B 1 (DOE,
1973) A B & BLRY R AR 73 B wh e URUAR & T b
HESCR 0 a8 U (R B & 3, 0. 05X 10 pm” <K
<<0. 1X10° pom®) B B AP 5 U8 (0. 001 XX 107°
pm? <<K<20. 05X 10 % ym®) . T % Tl 8% 0 5 <
J (0. 0001 X10* ym’ <TK<C0. 001 X 10 yum”) Yy
PR, dn, 55 P S L H X R B B DA
fitf J2 10 )5 78 378 48 840 A AR 0. 003X 10 ° ~0. 05
X107 pm® (36 [ B B fE I 4 B 2 01 & FERC,
20100, J& T Mt B % b & &= K Alberta 25 M
Elmworth /< H [ i/ #1235 2K 7 A 46 0. 001 X 10°°
~0.1X 10*3,1m22|‘rﬂ (Cant et al. , 1984; Hietala
et al., 1984), J& T b5 tfl 8O — e 3% 00 5 .
SR I 2R b 25 58 ) A 400 2 1 5 008 3 A48 il 7
0.01X10 " ~0.1X10 *pum® Z ], JE H B & TN
0.0001X 10 % ~0.001 X 10 * ym®, J& T # £ % b
R BRI A DA R B R U

P e 0% 0 a MR BUE D & R C 7
PN R A RSR . 2008 4F 36 [ BB D A UAE

W ASCHER ARBFEREETH (G5 41472118) WEEHAE.
WA H $1:2016-03-05; 10 H #:2016-11-23 5 53 1% 4w 5 - S £t .

FRE A 1757 X 10° m® (36 H g 55 B4 LR EIA,
2008), E NS /R Z Wi g B AE A BT R T B
& L T AR AR S 2 A IR WA R GK T AL oK R
S W (Zhang Shuichang et al. , 2008),{H #8 3 % #b
FeRa 0] BRI RS TN S R T ki
BUBEW S I R OURE L AR 2 1 & 7 A
(ERSYES X U DN I EAE2Y v /NI R S B €N 3
BRBUE A AR ) 4 (Shanley et al. , 20045
Cai Xiyuan, 2010; Guo Tonglou, 2013) ,{H #B E %%
025 LB BE 3k 1K F 5 %0 . Wb A BUR LR v,
BomAE RS . H, e s BUR R E &
F18 5L DR S B 9 DX R e 2 18 X B el B [ i, AR Sk
ICE AR S A BB B D a8 O 5 5 X AT X
L s B 5T XA L A 0 o B0 1 R B i 9 Jt
R, I3 B FIAR I R B D 0 I P RE

1 Hh R 5

T DX T DY) 1 2 2R L JE 4ROk B 1R
NIRRT UL TR N S A W RO R T e T
PAE 5 X i T 52 B 08 1) L MR A 1t A8 P8 — g AR

FEF R TRF L, 1987 AR 2013 AR FRVT R 22 A - 2 v BE Ay o [l il R 2 (AU 0 ) 76 32 1 A o 2 8 I3 B30 D 25 B U2 o A AT

e

%% . Email:zhangli69@ foxmail. com,



R A
2106 http://www. geojournals. cn/dzxb/ch/index. aspx

#H
2017 4§

] % 4 (Luo Liang et al. , 2015; Zou Yutao et al. ,
2015; Huang Guangming et al. , 2016), W fi 1>
R BAL I B TT 43 0] 28 = JU e Ll 5 A 38 A7 | it 33 )
B i e O AR T A L VL M R RN A IR AR
¥y 3717 (Guo Tonglou, 20135 1) UG 4 4 bl
AHUTAR AT B = A UNORE IR TT = #3 WH AF 0 383 961 AR
(Zhu Rukai et al. , 2009) , JGIIHy X 201 ] 41 JE 44
AARZRIETK, B W X530 — B 20 BT
A EERB Hoh i — B i = B B AR A
I B B LD O & B S A AR
E g =2 RIE ) = | 31 3 (7 N =3 11 R = s W )
(Zhang Jian et al. , 2006; Lai et al. , 2016),
b SR B R LT 6] R AR O A . T I X 5K
T 20 1 = SR Z AL BR 1 0 — B 20 B A S
W E RO LAS I A 45 0 = B N BB 2 .
N TC 30Ut X 25 2 0 B R F 5T O O L BF 5 IX 3
18 22 20 A 75 3 Jp R IR S A 5800~6300m,
B R BT GK 1.8% ~2.2% . Hu iR ® ik 180 ~
220°C(Li Jun et al. , 2012; Zhang Junwu et al. ,
2015),

2 f#ZFFAE

2.1 ERFHIE

A EE T A 0k o A TR BE Ol RO — IR AL 5 B A3
BB 5 8 & w B T R BURLA 4
Qi FirRyoo BMUABDAENE. EHLEK
AE B A A S A LA b A (B 20, I
G A B TS A B R MR R A
HE Y SRS A A RE 5000 8, 4055
55 S8 R (Folk, 1974) (g SCH 4 8 b 4 46 — ik 26
RABWA. SEwaEEmREE S E &Rl
50 ME BRIV A .

WF9E XD A P 2 T o ik, B T ik 8100, 3l
WAL 1020~50 %02 0], X(E R 3000, FHIEEAFE
B DUUBUE A T R A T8 o KA A TR
b A HBAEAYE THCE MRS DU A S
JBAHVE A RETCE R IREh A A TS . AR X
JA AR RN FL B Ak 1 52 i L mRE A T 2 AR 4 o
S RIRE A A A RS B R E e . NE A
HT = AR AT LLE BB 2b) 9P 5 i FOB R 46
HIBTEB KA 5 E kL F . A st e
AR B R Y T R IR A A .

M 1A B 2R B B Y 25 e
B E R AE B A T i kB S T R
MAAEEE, AW E P S E SR YE N
11. 8% 85 8 & T ¥IME Ry 600 K A 5 B b & ¥

2.1.1 5R4AH PEA B & B YE N 12. 3% Bk IR h A 7 B & &
JCIUH DX 5] 200 o LA —vPokE oy L 454 WER 3. 9%, HBARGDE DT EELEEBENESE
106°00° 106°30° 107°00° 107°30°
32°407 ' : . 32°40°
2 |4 W7 T IX R RCE-E ST UR
Well Study area Boundary of
0 10 20km Structural Units
VY1 %5 b 32 5
32°207] KA FE i o L32°20"
i
j SO
i )ﬁp i
32°004 j.r.‘..' ......................... /"”,’ 32°00°
T pe P C
I %94 O
TR AN i1 Lo
B271 7 R o o
_________ Ga, B2 BIO oBs+. -+~ 0B4
' s BlBLRR e
"SR Bl22 O °
317404 -1 IR 2 3G r31°40°
106°00 106°30° 107°00° 107°30°

BT oo 0 XA A

Fig. 1

Structural location map of Yuanba area in NE Sichuan basin
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Fig. 2 A ternary diagram illustrating the detrital composition and the rock fragments composition of the Xujiahe

sandstones, Yuanba area (classification scheme according to the reference Folk, 1974)
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Fig. 3 Thin section and CL images showing interstitial materials of the Xujiahe sandstone in the Yuanba area
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A—The matrix and ductile fragments deforms as an irregular shape filling the intergranular pores and other interstitial materials were not

developed, litharenite, crossed polars, 4277m, Tix?, well B271; B—sparry calcite cements interlock the micritic carbonate rock fragments
and the detrital grains present as point to line contact, calcarenaceous sandstone, plainlight, 4610m. Tsx?, well B2; C—quartz overgrowth
formed after highly compaction and detrital quartz present as line to concave-convex contact, sublitharenite, cathodeluminescence, 4297m,
Tyx?, well B271; D—pore-filling quartz formed after highly compaction and detrital quartz present as line contact, sublitharenite, plainlight,

4458. 7Tm, Tsz%, well B6; Qtz—detrital quartz; Dol—dolomite rock fragments; Lim—limestone rock fragments; CC——calcite cement
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Table 1

TR A F AR A M KFLR GRS EMILRE RS E (5T 12 > FTHEE)
The parameters of core measured property and pore structures for four types of the pore structure

of the Xujiahe sandstones (112 parallel samples were counted)
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Fig. 4 A ternary diagram illustrating the interstitial

material composition of the Xujiahe sandstones
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Fig. 5 Thin section and SEM images showing the pore types in the Xujiahe sandstones, Yuanba area
A—RIRER R EH L0 Y 5 AL A B R A R R 85, 4927, 96m, 2 B, B2 s B— A 6] £L 45 5 8 v AL R B kT R
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DU Bt . B16 s D—IR7 B9 K A0RL VA AL I 1 B0 Sl s 4 AR B L L 4473, 78 m 2 B L L6 It
A—Intercrystalline pores of the I/S mixed layer clay, litharenite, SEM, 4927. 96m, Ts;x?, well B2; B—short or slot throts bridging the

residual primary pores or lithic dissolution pores, feldspathic litharenite, crossed polars, 4461. 91m, T3x?, well L6; C—isolated feldspathic

dissolution pore, feldspathic litharenite, plainlight, 4623. 32m, Ts;x', well B16; D—feldspar dissolved along the joints and the dissolution

pores fromed as a comb shape, SEM, 4473. 78m, T;x?, well L6
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Fig. 6 The capillary drainage curves and thin section images for four types of the pore structures of the Xujiahe sandstones
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(a) and (a’)—Pore structure type I: this pore structure usually occurs at calcarenaceous sandstone or quartzarenite with the characteristics of

poor throat sorting, small pore throat radius and poor connectivity, pores and throats can not be observed even in SEM; (b) and (b”)—pore
structure type II: this pore structure usually occurs at litharenite, feldspathic litharenite or sublitharenite with the characteristics of micropores
and small pore throat radius; (c¢) and (c¢’)—pore structure type III: this pore structure usually occurs at feldspathic litharenite with the
characteristics of poor throat sorting, small pore throat radius and poor connectivity, the pore types are dominated by the isolated feldspar
dissolution pore; (d) and (d’)—pore structure type IV this pore structure mainly occurs at feldspathic litharenite with the characteristics of

moderate throat sorting and coarse pore throat, residual primary pores, secondary pores and slot pore throat can be observed in thin sections
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Fig. 7 The comparison of reservoir property between the
Xuyjiahe Formation in the Yuanba area and other tight gas
sands (property data are cited from Master, 1979; Cant et
al. , 1984; Hietala et al. , 1984; Pritchard, 1984; Song
Yan et al. s 2001; Cluff et al. , 2004; Fu Jinhua et al.,
2005; Hu Mingyi et al, 2006; Cui Yingchun et al. , 2008;
Guo Jianlin, 2008; Yang et al. , 2008; Ma Liyuan et al. ,
2009; Huang Qiang, 2009; Xi Shengli et al. , 2009; Liu
Sibing, 2010; Xie Qingbin, 2011; Shi Lingling., 2012)
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Fig. 9 Diagram for evaluating the importance of compactional processes and cementation

to porosity destroy in Xujiahe sandstone, Yuanba area
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processes and cementation to porosity destroy in quartzarenite and calcarenaceous sandstone with the primary porosity of 40%
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Fig. 13

Compared the capillary drainage curves of the Xujiahe sandstones with the capillary

drainage curves for four types of rocks in Sulige gas field of Ordos basin
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Abstract

The Xujiahe sandstones in the Yuanba area are characterized by ultra-low porosity and ultra-low
permeability and should belong to ultra-compacted sandstone. Based on thin sections, cathodeluminescence
(CL), scanning electron microscope (SEM) and reservoir property data, densification causes and
exploration potential are unraveled through comparison of detrital components, interstitial materials and
reservoir properties between the Xujiahe sandstones and other tight sands in the world. The results show
that the Xujiahe sandstones contain high contents of ductile rock fragments, clay matrix and carbonate
fragments. The interstitial materials are dominantly clay matrix and calcite cements, with strong siliceous
cementation occurring in quartz sandstone. Secondary pores are dominated by clay matrix intercrystalline
micropores, with pore throats commonly present as narrow, poor sorting and sheetlike slots. There are
two reasons for the highly densification of the Xujiahe sandstones. First, the anomalously poor quality of
sandstones is attributed to the high compaction and calcite cementation during the early diagenetic stage,
which are functions of the primary texture and composition of sandstones. Second, the Xujiahe sandstones
were buried deeply and experienced further compaction and calcitic/siliceous cementation to forming highly
tight sandstone in mesogenetic stage. Comparison with typical tight sandstone gas abroad indicates that
ultra-tight sandstone contain less effective porosity, which has limited accumulation capacity to nature gas.
Therefore, only when the porosity of the Xujiahe in the Yuanba area reaches to 8% (e. g. feldspathic

litharenite) can sandstone be favorable reservoir for highly-tight sandstone exploration.

Key words: rock components; pore structures; reservoir property; Xujiahe Formation; Yuanba area



