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Abstract: To explain the formation mechanism of light oil in Qingshankou Formation of Gulong sag under the condition of shallow
burial depth (2000 m to 2600 m), based on the analyses of back scattered images, energy spectra, rare earth elements, carbon and
oxygen isotopes, fluid inclusions, as well as the observation of cores and thin sections, the evidence that the shale oil of Qingshankou
Formation in Gulong sag was subjected to magmatic hydrothermal action was found and analyzed. The evidences of magmatic hydro-
thermal action mainly include as follows. (1) The minerals related to magmatic hydrothermal solution were discovered in shale oil res-
ervoirs, including chalcopyrite, copper. pyrite. sphalerite and zinc disulfide, argentite and silver sulfide, Fe-Cr-Ni-Ti and Ni-Fe-Mo
alloys, barite, fluorapatite, and titanium oxide. (2) High temperature magmatic hydrothermal solution elements such as Nb, Ta,
W, and Hg were detected in the oil seeped out of the sample. (3)In the core subjected to magmatic hydrothermal alteration, the
homogenization temperature for the high temperature section of the saline inclusions of calcite vein ranges from 130. 0 C to 166. 8 C,
which is higher than the normal temperature of calcite veins in non-hydrothermal altered cores (30 C to 58 C). (4)The analysis re-

sults of carbon-oxygen isotopes and rare earth elements reflect that the Qingshankou Formation shale of Gulong sag has undergone
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magmatic hydrothermal action. (5) A large number of magmatic hydrothermal alteration phenomena were found in the cores of Well
Jin X in the north and Well Yingye Y in the middle of Qijia-Gulong sag, including “glass”, spherulite, hornfel, pore, almond struc-
tures. From a regional perspective, there is a magnetic anomaly, gravity anomaly and electrical anomaly zone in the deep part of Gu-
long sag. The seismic section reveals that there is a large area of continuous magmatic hydrothermal zone in the basement of Gulong
sag, with a horst underneath. The normal faults on both sides of the horst create conditions for magmatic hydrothermal intrusion in-
to the Qingshankou Formation shale. A dike-like intrusion was encountered during drilling the Well Jin X, and strong magmatic hy-

drothermal alteration was also found in the core samples. The discovery of the evidence of magmatic hydrothermal action is of great

significance for studying the shale reservoir spaces and shale oil distribution in Qingshankou Formation of Gulong sag.
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Fig.1 Tectonic division of the northern Songliao Basin and location of main shale oil wells of Gulong sag
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Fig.2 The east-west trending seismic section and its interpretation results crossing Gulong sag in Songliao Basin
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Fig.3 Comprehensive stratigraphic characteristics of Gulong sag
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Fig.4 Back scattered images and energy spectrum characteristics of chalcopyrite
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Fig.5 Back scattered images and energy spectrum characteristics of sphalerite
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Fig.6 Back scattered images and energy spectrum characteristics of silver sulfide (argentite)and barite
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Fig.7 Back scattered images and energy spectrum characteristics of fluorapatite



210 1

A SCUH A < AN AT 3 o TV B T 10 10 4 D ) S PR I B 1471

() B WU R W AW L8R B L A A Fe-Cr-Ni-Ti G489 5 (bW & 296 t Fe-Cr-Ni-Ti 4 4 i BB IS AL , LA Fe 28
E.A L Cr. b A D h Ni Je o Ti, C AT REE MBI A5 3 5 (o) 5 Ak BUERBL— 82 7 H 1) Ni-Fe-Mo & 45 () ll 51 88

S 7% Ni-Fe-Mo 1543 B9 BERE FRAE . Ni B . bk 2 T,

B 8 Fe-Cr-Ni-Ti 0 Ni-Fe-Mo & & 5 8 51 Bl 5 & H 88 & 431

Fig.8 Back scattered images and energy spectrum characteristics of Fe-Cr-Ni-Ti and Ni-Fe-Mo alloys

W B A 00 KT — 10, 00%7 X 1 51
RMEEE LR 80 ¥, 80 281k 352 i
T T R A DR T R A AR I R 1 4R AT R 3L
b2 I BE A i T BT 43 TR AR T i T Bz A
TR W R A 8" O AR . NE 11 AT LA
B4 A 28 BB 399 76 T 8 3 AR X 53X I 55 — A4l
T UE W5 L 2 32 25 5 OB S )

W VA A 2 A s A e AR, — 2
“AEMZEMERREA s ARERNSER. Oxaf
VBRI Rl e T0A i As 2 5 M EGRPE (A = A e
g le A ER s gk fe AR T R AR /E T ARG A
FEAE D Z— TR Z0 M5 v A e 7ty e I 7 L 4l
T A 2
3.3 RBEREGH—RE

Xl DB TR 7 1L 2 R A KGR AT T A A
HCE12), dhoK L =R Y — | 101.8 ~
166. 8 CLIE 12(a) |, 45 K &R 4 /0 A 4E 130. 0~166.8 C
T B AR — L — e 110 CLURLE 12(b) ],

PR R 1 — IR B Y v X R Rl Rk A T
ERIBAER . BTSSR e U TR T
B2 F I 5L 7E 2 000~2 500 m H 5 B 2 0 LU %
JESH A o A LA A A R AT A 1 2 R
R AR IR 20 E 70 Ma " MY Ty 40 B K A0
FECH o A1 gt 4 DT 52 5 9ok %) i 290 7 W 7K 2 0B
3.4 BETENW

XU Z 0 45 A A DR AT T R TR 4y
Mo MIE 13 5 B g S ml DUB 1y 0T Z 3 R A
an IR RIS AEAE o XL R LR B Ak AR
b X A . X — B Y R IR RT B Tl e
TR Z 3N T ALK A BRI E R . AR e i
BT R B REURE AL B A R K A TR
3.5 AL EMERMBIERIER

EH B R B R R MEE A 4 X
WAL DT TAF A, R BL T KR AR RA
FAGAE FUESE (B 14) . O f A AL sm 2, BRORL A 35 &
HLE 4@, QRALMECHELEFTLE 14(b)—



1472 el i Eild 2024 4 45 5

e

Kl 14(e) ], ERZERCTROKE] 200~300 pm, BIE . ZREFRKFLE 14(b) (A& 14() ],
WIRDE s A BB 255 @ Bk TR 5 Wk & & Ll 14 (a) | Bras X a0 B R AR B A TR LR A, 3
Bl 14Ce) ] 4000 7 ERRLEAR S ; @ AR 45 S om Z0 . o 00 Y JRIE O] WA HRE R (B 15) L Blg S

(BT B A=A BT W ERR T B4 H = A Z 0 TCSE R . R WA Ao B A R B (D) A

G il s 1 E LB W Y RE IS FRAE s (o 20T B AR S8V 6L M B B AR B o, B %0 FL 85 R B

(D E AR 2 S L0 B REIEARE ; () E ALK W AN s 27, b B AR W AR I ROR 7 F B A B = A fl g 3

LB B A LR s (DB (e il 3 Y REIEARAE . R TS N (64, 55%) FIEK (35. 45%) . AT g & — &b H, TiO, .
B9 SUKTHERHEGRERIERHE

Fig.9 Back scattered images and energy spectrum characteristics of titanium oxide minerals
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