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Study on Influence of Mineral Components on

the Properties of Shale Reservoirs in the

Northern Guizhou

ABSTRACT

The unconventional natural gas in the northern Guizhou province is one of the key
areas for exploration and development, and its efficient exploitation with enormous
significance for China's high-quality and sustainable development in accelerating the
achievement of "peak carbon and carbon neutrality", restructuring the energy industry,
optimizing the strategic reserve of energy supply and demand, deepening the structural
reform of the energy supply side, and promoting the national economy, science and
technology, R&D innovation, and people's livelihood needs. The mineral components
play an indispensable role in shale reservoirs, this paper takes shale reservoirs of
northern Guizhou province as the research object and based on the field survey,
geological and logging data collection, and theoretical literature as a starting point. The
geochemical parameters such as mineral components, physical parameters such as
porosity, and mechanical parameters such as elastic modulus are obtained through the
combination of geochemical, material property, physical, numerical test, and theoretical
research methods to study the influence of mineral components on the reservoir
characteristics, mechanical properties, and stress sensitivity of shale reservoirs in
northern Guizhou province, and the following research results were obtained

1) The clay mineral contents of wells FC-1, TM-1, TMY-1, TX-1, CY-1, and
outcrop samples are negatively correlated with the cumulative quartz, feldspar, and
pyrite contents, which are not significantly correlated with carbonate minerals. The clay
mineral composition is dominated by illite, and the illite content is negatively correlated
with the mixed layer mineral content. The carbonate mineral content is negatively

correlated with both Ro and depth ofburial, with correlations of 0.6 to 0.8, which is not

significantly correlated with TOC. The brittle mineral content is positively correlated



with TOC, Ro, and depth of burial, with correlations ranging from 0.2 to 0.8. The clay
mineral content is negatively correlated with TOC, Ro, and depth of burial, with
correlations ranging from 0.5 to 0.8. The depth of burial is positively correlated with
Ro, with correlations of 0.8 to 1.0, but not with TOC content. The high correlation
between wells TM-1, TX-1, and CY-1 with common pooling domains, is mainly
influenced by pyrite, carbonates, and clay mineral content. The well FC-1 has no
common pool area with wells TM-1, TX-1, and CY-1 is poorly correlated and mainly
influenced by the cumulative quartz, feldspar, and pyrite contents, depth ofburial, and
organic maturity Ro.

2) When shale has a low brittleness index and a high clay mineral content, the
stress-time variation curve is flat, the compressive strength, tensile strength, and
modulus of elasticity are small, and the acoustic emission signal is low and of low
intensity. Conversely, a large slope of the stress-time variation curve, the compressive
strength, tensile strength, and modulus of elasticity are high, and a high number and
intensity ofacoustic emission signals. Under the Brazilian splitting test, theyy- 1, 2, and
3 series fracture extension patterns can be categorized as axial penetration, lateral slip,
and lateral slip + bottom rupture. Under uniaxial compression testing, the fracture
expansion pattern of the yy- 1, 2, and 3 series can be generally summarized as an axial
penetration type, with primary rupture accompanied by secondary rupture, secondary
rupture shifting to primary rupture, and with primary rupture increasing with increasing
brittleness index. Numerical simulations show that the paths of fracture extension are
divided into emergence, extension, and destruction, all of which occur at the junction
of the shale matrix or quartz and shale matrix. An overall increase in the proportion of
fractures with increasing quartz content, with a fit 0of 0.684.

3) The permeability impairment rate and stress sensitivity of shale reservoirs in
the study area is judged to be moderately strong and strong, respectively, and the
permeability impairment rate and stress sensitivity factor are positively and negatively
correlated with the effective stress, respectively. When the effective stress is 7MPa, it

is the inflection point value affecting the stress sensitivity factor and permeability

impairment rate of the shale reservoir in northern Guizhou province. Analyzed from the



perspective of quartz content, quartz content of 65% is the critical value affecting the
stress sensitivity factor and permeability impairment rate of shale reservoirs. The
permeability impairment rate and stress sensitivity factor decrease with increasing
quartz content and modulus of elasticity, increase with increasing feldspar and clay
mineral content, increase and then decrease with increasing calcite and ankerite content,
while the effect of pyrite content on the permeability impairment rate and stress
sensitivity coefficient is not significant. The greater the brittle mineral content of shale,
the more likely it is to undergo brittle damage and more crack extension during

compression with predominantly elastic deformation, resulting in a lower stress

sensitivity factor. Conversely, the higher the stress sensitivity factor.

Keywords: Shale reservoirs, Mineral components, Reservoir characteristics,

Mechanics characteristics, Stress sensitivity
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5) FHH: HA L MRKRALOTRKE, B 20~89m, FEH AL,

6) MTTVALH: HMERK KECRTURRIKE I TUE, JBY) 5~44m;

7 FUEH. BOERRIUE, TUAMEEO., KEERFKE, B 2~18m, FEN AR

i
A

14



Bl ik 7 AR Fall i 3 HoE XS R

HHR
D HiRH: FTBONREBRRICE . KEGEOIE, FBKEKTIVE, Wibs iz
KRG, JEZ) 200~510m, FEH PN TUSES;
2) FAREH: REOKE. RIRKERKFTIE,  EMAKEKE 5EGETUE )RR
JRIE, R4 230~600m;
3) B KGO TUE RS S A 4L, B I i ics Fa s

HE, 4 100~400ms
2.3 XigtEE L

A X g TH TG, HMGEENL SH i G EE R E — 8k, BaX 3%
EZIN BRI - IS R - R IS B S R-IEIIE S, #L - g
ZRE LR - E 8 % 2 I IEE s BN, IS S AL K AT LR A () 2-

o MHITEEARRAK, WHFEIX 2 1 rhon AR - S LR FERT B (1000~450Ma) Y7k
- =St R R B (405~210Ma) A B AR (A =SB  REME
(210Ma~E4) =AM g LR BoY
23.1 PEREH-EBELRMEE

Hh G ARG 0 2 2 B R T Y B B L b Xl DK b S A K b 5% [ b B 30, 8
WIS M IEZ5) (1000~800Ma) , K i i 5 MK B 1 2k AU Ak g fe e it £ S8 7
N&@ILiasl. figizs) GnEREEH |« firizsh OnEREshH 15 FM#sis
3 ONBEARZTH AR 700~440Ma) , A1 AR LAKI 90858 LA F B AL b X E 20 5
AR it & BURRE ik i, AT KBRS AR 2 KA R i, ERUES e BHEER
aUR, JHEE) ONEAESEE) @05Ma) , B5AbHhIX A4t A fase (KRS (&
2:3b)

232 RRL- =Bt R EL R E

Ve A 200 = Bt P R R BO K 5k B, 20103 Gzl 44 355Ma)
LI FREEAR T, ARIRTR R, WIS SRAE AR, TRl R R T R AR B s B
S T, BAbH X BT AN RS URURIR R ARk, RIS AR DGR 1L 77 W R aa e e
TP AL R R MRS R NEBHEIEE) GEFEIEshRD |« RIRIEsh GREFHIEshgD
MIBEEs) GEFEEEIRED  (280~230Ma) , BdbihIX Py AZERFER N E, RFETERE,
TRIF VR K S AP 7K G b A7 1 T A 1S 3R 555

15



Bl ik 7 2R Hall i S BoE XEbits

233 H-ER (BBR=SHBEEALCE) SRME

W BON AT PERR AR v A B A el , 5225083 (EDSCZah R 1) FIEISC iz shi
BIRH . (205~150Ma) , S50 1 B AbiAH 20T P 5, W T i AR b 2 I L I 22 2% e
Wiz, BLMRMRE R, B 52 - - SR 2SS (137~65Ma) |
BYILH DR A SR EURE AL T, IFAERE 2 E T B AT A A BEE e T2, T AR T K (KR 4k
FIWTZ, BT A-B . Rl R A X R AR I H R, TEHGUE SN e
SEAIGEIEWR, ML R J AR WN 5 ORI ES D7), A SN IR AR E AR
NE [#)F1 NNE [i); fizJm il 32 8 1L R s sh M g5 (36.5~23.3Ma) , KRR IR 7 1)
AR )Y NWW 71, 5 PR AN I KRG AR R, 36 BB AL X AR U [ e s, 3
rEaET (B 2-30)

{e) MYl %%
] = 10 I5 -1 IR

L ——

Hly don = AlEm

5 ioma [y R

": 20k
i 280l

IR0

pU e bR LR Ma L]

K23 Bydesb X MG isE i

2.4 RENTS

AR E DA SR M3 . YRR PR e i 2 AR e B A = 7 TG B4 Al X b 75 547 1
2, EFRE TR

D IR ISR S, WIERRAT 49 SN S . NNE [IHEH R NE R
#, HIEIASEL SN [, NNE [ATNE [RRARIE 3 B X vk TR ER B 1 76 It
1) 2 8 1 PR A Ak R Bt B A o 30 SO A 25 b X T 25 B B e T R 2L R 98 4
R T R B T Y EEER, HUON RS T

2) B HRIE T TG, HMEiE S T A s s A — 8k,
ZRARIGH . TG HSGES) . M LB ER LS B S £ IS B i

16



Bl Bk 7 2R Helk i S F=F TURHZ R E T

F=E aEEREFEIHN
3.1 RSN FHED T

ERHE ELEE G TUE R MRS RHE, 1 WAL 53 73 T F 7 DU i 2 IR BT 43, K
RENTUAZERSOE . &SRR AR FEOER . TUA 6 ET W41 3 B
Ve ARRERR BRI BRI RO MANE L MEMER A e, SRR ARRERR
BRETMIKA . A AR RAY%: By nitRa . SEA % 100, §T NSO
YISy 5 i S MR AU I 9T, (B P04 53 5 AN TR A [ 1 AR 20 4L DU fik 2 i B
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313 tEEMERERME SN

BIR ERCZ T T TCEEE A SENIR S BES BN, 153 s
YEEmKIXE, GRS ES, AT ERSE SRR, EAH U5 A 4L T
FAEZ AR AT RI A BRI 2 R T BRI, AR IH A EUCBS JLth X T FE U4 2 1
BEH FC-1 k. TM-1 JF. TX-1 1 CY-1 HRTUEFRERCR AN R, BRI FH T AR5
I TUEAEZRIPEBT . AHOPEMISZ IR 3R

F R0 (Principal Components Analysis, PCA) XFR ¥R HIH 41, B 767 %
GRS, by (BRE) BB NGRS, ELMEAE LR EIIEA Aok IR
BENLAZ B BT 22 R A oS AR RS, SR EHARHIEMEL ;72T UAT R B 2 4 [ AL bR R R
TRYEH AR R, BN n 4EARBR RILHON = 4E K. 4E T o —4eR AR R . =
R R RO R AR ML, BT REAS RAE AN Ao (RS BT 255 T E
G REFRRFAEAE , 2R3 BE B RRUT (U REAS RO L B s . DRI, AR RFAEAEAS 1IR3
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FIARSSMERCR R, RS (PC) M3 IR EA RESRBL AT AL, 5ok W& —4E15
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FH I 2264961,
= 3-1 ERGT T EE
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TR SR FHIEE TEADH G BRE %

A PCl PC2  PC3
1 5.82505 64.72276 64.72276 R 039  -019 0.3
2 170197 18.91076 83.63352 Ro 038  -022  0.09
3 0.89523 9.94704 93.58056 TOC 0.21 061  -0.05
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