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Control mechanism of Late Jurassic-Early Cretaceous magmatic
activities on helium accumulation in the northern Ordos Basin
QIN Jiangfeng, WANG Dongxu, GONG Hujun

(State Key Laboratory of Continental Evolution and Early Life/Department of Geology, Northwest University, Xi’ an 710069, China)
Abstract By integrating helium volume fraction data from gas-bearing strata with geochemical and geochrono-
logical analyses of peripheral magmatic rocks, we systematically examined the spatiotemporal coupling between
magmatism and helium distribution. A dynamic model was established to elucidate the influence of magmatic
activity on helium enrichment, emphasizing key factors including helium sources, migration pathways, reser-
voir conditions, and accumulation episodes. This study focuses on investigating the controlling effects of Late
Jurassic-Early Cretaceous magmatic activity on helium enrichment, migration, and preservation in the Ordos
Basin, aiming to provide theoretical foundations and innovative insights for helium resource exploration. Signif-

icant helium enrichment was identified in the northern Ordos Basin, particularly in the Qingyang, Yichuan,
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Dongsheng, and Shixi areas, where average helium fractions exceed 0.09% . The spatial pattern exhibits an
annular differentiation trend, transitioning from low-value zones in sedimentary depressions to high-value belts
along the basin margins. Magmatic activity in the basin periphery (160 ~100 Ma, Late Jurassic-Early Creta-
ceous) demonstrates spatiotemporal synchronization with helium-rich zones and critical accumulation episodes.
This correlation suggests that mantle-derived magma upwelling likely enhanced helium enrichment through
thermo-fluid-mechanical coupling processes. Helium enrichment in the Ordos Basin is governed by multi-scale
effects of Late Mesozoic mantle-derived magmatism, manifesting as systematic regulation of helium source acti-
vation, migration channel development, and trap formation by magmatic thermal events. Accordingly, we pro-
pose that helium-rich reservoir exploration should prioritize areas surrounding Late Jurassic-Early Cretaceous
pluton emplacement centers, adopting a target prioritization strategy of " radiating outward from pluton cores"
to identify favorable gas reservoirs.

Keywords He-rich reservoir; magmatism; Ordos Basin; craton basin
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Fig. 1 Distribution of Helium-rich natural gas fields and basement characteristics



$34

UL 55 SRR 22 A ML R R 27 it — 7 1 A R 2l o S0 4 S 1 42 i AL ) * 555 -

1 SREFAMISER
FHE

T AR e 13S0 2 W G 5 R
TR AR B B A F 1 AR
B s A B (LR 2,38 1) . il 2
AT K 1) B B3 Bir T LA H S0 200 4
R AU RCF I 0.02%  ~ 0.14% , H
DR BH B SR 22 390 A4 04 Ml DX B {ER T
0.09% , i BUE S ILGR , 14 M HL A DX 35 <
i G 5 FE A L2 B g A BTS84 B TR T DX 1) RE LA
BARR A SRR B, i 7 4 A 5 OB A B
SRR, TR AT N 1) SN e AR 1Y
B LR A LR IR TS A AR
gl DX - ELAT WA A 2203

i

EF
o BB IR Z M

N = ) y SiE
K = Wiy e
\ o
~ | k. 12 -
oAl TN ~E 170 100 km
Le | ° [e ] [~ ]
HefkBUMK  Helk B4 HefhBUMK HelkBUM L
/INT0.05%  0.05%~0.15% K 10.15% B KI7IA

# 1 SRRZ I Al XU L

Tab.1 Helium content in different region of the Ordos Basin
Ky Bl
HuIX SR8 %
i AT W% Al
SCHi
0.121 ~0.204 0.14
PRFH 13]
=0l 0.060 ~0. 177 0.09
7 HAK 0.018 ~0. 168 0.05
S —m b 0.016 ~0. 080 0.04
TM—KN5 0.027 ~0. 039 0.03
A 0.016 ~0. 27 0.03
thidk 0. 001 ~0. 036 0.03
SCHi
0.02 ~0.23 0.09
ey ]
R 2 0. 045 ~0. 487 0.12 XK
[12]
SCHk
b 0.23
e [19]
TU—K N5 0.04
AR H 0.03
TR HAR IR IX 0.04
REAR X 0. 06
TS X 0.11
SRS PG X 0.1
PIARSH 0.03
RIS 0.13
PRFAA 0.07
SR Z WS 0.036 ~0. 062 0.05 ﬁ%
WH5E

K2 SPRZEEME T E R

Fig.2 Distribution of Helium content in Ordos Basin

2 SREETAEMERENHNERS
fiE

SPIRZ A M A HEh B T I BRAE A e
WP IR — R 5 R (LK 3) , 59 /R %
Widts 5 5 A — 2, ROV T T2 B IR AR A
Wi 3 R, oA R R B AT T %, (AR it
FRE TR R R B VTG SRR s T A
GERIRARSE S . o, ZE A O A TR I X s
ARER A EE B LR AR AR, PR R A BRR
AR R A EEORE T A



- 556 - VUL R 2F 240 HARBRE AR %55 %6
%ﬁﬁﬁﬁﬁ%ﬁ ”*“8 2026] ,zgi’@fhj-%aﬂﬁ‘?ﬁijm@ /ﬁ
/P

6.4 Ma
. (5] B C@Ek18])
8o Ma/ FEHES gy \[ ]

(3] B 3CHR[25]) ([15261\%? )

2] E OR8] o

((19094;3)) b ’ i e

(51 B CHk21]) . /R 2% B

p 127Ma  HA

(3] 8 3CHk[22])

%ﬁf}b'//< [Ei@m%‘\

o |
Wy TH GRE®

olifi &

Q|
S
%7

ERE ERE BRE HEEK SEFE

B3 SRR M A G oa R TR A I B0 SR IR
Fig.3 Spatial distribution and formation ages of magmatic

rocks along the Ordos Basin margins

3 it
3.1 BREWFAMBREEREHIISEEN
FEREY RN E 5
FEZSA) bl i R R R OA SR T
LHT N AR , T B ) LUK B, BFFE X
HHAE S BB T AN S A A AU
BT BOIRAE 10 G A 195, B AAR B Fh A 1 Sz

bR B 5 1 5 e R 1 20 A DX
HABRIZ W) G RRILE4) KRB A
IRz POE=RRNCE bl Ee A TR

Ly
o
HT 0 P
o
- | e
(163H£Lf,5) Ma ﬂg% (176+3) Maﬁ& ”/v:/k _r
(RER) 5 o
@% (31 B3CRRAD) . Ef‘fl(z%;’il;é\fa SERDE TR/ 4R
= Z
(518 3CHr16]) o & ° VLU‘\/() 100 k
R R 50k £ G 100
(114+3) M o)l
(318 M2 Jf{ﬁg I:I - B B ]
=k SE i =R mess oo
\%42+3> Ma]g{‘jﬁi{ﬁ ﬁg’gﬂ {,/\ﬁ Za) fém {|/f£{| 1”’“1;
ﬂsa' e o] [ [ = [
b1, 5 ha —rl He(kBUH K HelkBUM K H}fw et Hle{’(}\'\ﬁlﬁj\ﬂ( PH(efJMiﬁm
/NT10.05% 0.05%~0.15% 0.15% MR TT A WAER K TN
I:I - - - I:I EI IS % 5% 15% ] p ) Pi]
HEL KREL ) BR HEzL Hh 4

4 SRR L R S SRR B [l gy

Fig. 4  Distribution relationship between magmatic rocks
and Helium contents in Ordos Basin
3.2 EREINISHBOZMARNEBEXR
R A IR, Hrp e i %
A P E AR U Th STRIEIR (RIS ) KE
TR (ILIEL S ) o AnB S i, 3 KoE 268

U7 Het4p+™" I’h!

EUNE2T8iE

o BRI fhdhe

(U3 Pep JoPONLTEA T

K5 SARABORBERER

Fig.5 Helium types and sources



$34

UL 55 SRR 22 A ML R R 27 it — 7 1 A R 2l o S0 4 S 1 42 i AL ) * 557 -

FEERA RS a8, A e ah
T E R E S TIRE R AT BT E
FGE A 5 T2 55 5 AL UE h B RS AE B R BRR
B AT WA, T o Hb 0 R TR Y
EHIE S ECE R W R & A i 7, i A AU
FTAN O i R A AR, A AR P I
AR e R 22 A M ) A Ak R
TEMSIR bS5 Jr T, SRR 22 3 7 e v AR AUk
B IR AR AR A E
UN:VIE

KTAT WG/ S A% b ey 58 iR
B, FEAAAEPIRA R B AL o F20E BETOHL I
7, He EER A T8 K 09 #0057 50 B R E B
B {H Torgersen Fll Clarke ™ 5% B, & 11
PR H " He JBE A A 2 T80 o 0 J5 4o o R s il
DR Bl )R] Y HE A, R A o AR R
(' He (H T BAET W) A A R BUR ™ gt
FELIA Ry, FEAEAR E M BT 25 0 T (e H el
KOG BN ) 73 8] 2 B b ST Bl ) A JE T
e ek P 5 {68 58 YR S0 B R e g% R o R A
B xR E T AR N SR T B A AN
AR PARLEE , PRI , R B2 2R R e T 202 & T LA
B a8 A ORI LR S
PR PR AR 5 0T A BB 22 , U1 O R TI
FAFREA R H, AR T PIKIER S
ER AR AR R B R R B,
IR 2 Wt 4 3 W b A AXAE TR DB P R R
PR R T R R R A G B, A
BRI S A B R IR ST BB T T, %t
U5 R IR AR R B AL T AT RE

{13

i F BT, omg i 4
- 3 By ™~
7 I,
S ¢

9. Ny
SPFE ST

LR

A

= B by 24ty

0 80km A

e (e 2t — L 1 T
—

HTASEA SR A M KRR SA A Y
A 2E R DR ks B ML R A2 4t )2 1
FLERSE B BERMBANE R m s s, &
HATA 5 &5/ A2e M e e M RRIE , S HA
BIFALGER R BRI . e PR H
HAK, Tok IR BUE 2, Has B i R 20K
BT e U2 B O R L AR R B L B
W T B Panhandle & 20 RIR S0 (35 [ /Y
TR, 23 A P SR T 32 B A K BRI b )22 o
Al BE PGRAR Y A R A P LA
e BT 3l , A0 5 A B K S5 e 7
A SRS R A VR X d R TR
by e AT A A S A R A R . SRR
Z W i A AR B I 22 I R R T Bl A
1) S8 BIRE B, R A R A s B i
T .

TR SN A 1 i B sl I ST B
HER, A NBAR - RisH MW EEE
T S A N B 7E M VR R R T
Wi RIS . TER, A R bl S A h
F11iK2 500 Ma [ 2K FE 2 Ma Py T3 5 B
o BIEER RS FUE SRS Shi Rl T, Ak
FHRAITR ARG F Y SRS Em L FE
P (F1) 7 B—5F B—& 4 (F2) Fa—
Flg—RKF (F3) FSRHE e fi— Ll (F4) 4 5%
VI ZEBE I 0 — W 544438 , LA SR P [a] (G ZR 1] 1
UG 1 Y 22 4 B B 4 (DLIET 6) O
AR, Z SR % R 5 SR B, PT A LRE e i
DA I o8 VBT T TR it 2 Y R R LA S A R s
BRMA M S R 5,

~. WA IR ffte
Fq. ,, DUSSHE o #M/RZ I
7 Hy //if{!\ .

5 St L 5
o3 i} jift

EX

HIZN

Zax=

1 7 20
SR A
0 80km N

6 SR 22 0 A b JER DB SR B T 2R A1 P (B4 A SCHiR[ 38-39 1)

Fig. 6 Distribution map of basement primary faults and potential faults



. 558 - VUL R 2F 240 HARBRE AR

%55 %

AT HA RN T IR AR BB 7T
HAR, I — M B0 322 By 1R R AR R
SMERIRE A RN BESE R, AR 5
JZRGE W NECETTIRZ S IUET xS
AT TSR K B85 b B B i A RO
KO 7)) BT TR K IR P SRR
VIR E | R B R R B T SR B
BRRE T . RS IR A S 5 BU% 45 JE X Hugoton
() & A BT WE 2045 i E T s 4
B i —3 o SRR g b R R )R
KA Z A5 a R R R Z s R T
EHNERMXIEGGE . e E RIS AR A FE
AR F L CLAF 2 73k s 3 2 K i 1L T
TN o 22 1) Jat 55 68 7, o m] B B T8 B M ) 328
iR TR DR O 2 R
FORAT 26 AT, SO ()2) Jo 3 I B A IR 1, 50
BRI R A TREL(D T HZ:H,0 0.4
nm;CH, 4 0. 414 nm;He 5 0.26 nm) ., % &
I Bl B L T R TIO 2 0 i JE 7 A
I, PRUCAEHER 3 0 a8 s B AL S I LAE SR A
N BIE R s O [C AT 5 2 B G SR

35000

30 000+ S5, A48 (4mol)

25000

20 000f

Fll #2457/ MPa
i
]

15 000¢

=

10 000f

0 L 1 1 1 L
0 50 100 150 200 250 300
\|E/C
K7 AR AR AR Al U= R R B (B A 3
BkL71)
Fig. 7 Henry’ s coefficient of different gases under low

pressure and temperature conditions

e [E] 525 18] Bt AR AR STl KO- ik
ORS00, 3 2 7 T W) 2
KE L WERTES, E ) EREY FE
SRS IDNIDE=AE S A I N Ve 2 E% PN /S
AR B R B T I R E BT, AR
AR BN 200 SR B RIR AR
TR, S 2 3] 23 3t A A B Sl 2k

{220 (L 8) o AR R A AR A K
A A B ) S SR AL, PR b 3 A i
ZRIRIRER BB RE R, A
TSIV, 32 o 20 Bl o0 SRR I 18] L )
PERAE T o — 07 T, 25 3530 S8 A e Tt B4
by, iU RO By U RE s TR IR
s

P, 1P, T | e K. K, E [N+Q
AT o
E
i
i
-
=®
i
R
=
=®
B AR =
= [k i
N LA 15
) ! :
_ -
ﬁ 1 - I—I_I i 11 | i
g | T T
{nj e | BIXIEE) Meilisgh 111355
= [R50M4 200 Ma 150 Ma 50 M. 0
-

P8 SR 2 A s T 2l 5 R USORE fE AR Y
I TR £ 55 28 (M2 40 A SCHR[41])

The time coupling relationship between magmatic

Fig. 8
activity and Helium accumulation evolution process

in Ordos Basin
Li LA 2ok I 2 22 3 4 M G v 2R A P
EHE BT U AR U R (LA 8)
DA AR BU B I 25 5 R R (LI 4)
AT LA, FE AR S8R A 1 R 1Y i 2 ]
IR Bl B DM I FREAT DL IS, e W 20
s HSRE AL i) B G mTE ) o A G ST L
XU R ZAER R, Rk, A
5 P H 3 BN B A RIR U AT Pl A
AR B R O 293N A4S



$34

UL 55 SRR 22 A ML R R 27 it — 7 1 A R 2l o S0 4 S 1 42 i AL ) * 559 -

SRR 22 W G Hh A A A U SR 20 5
(9 SRR B0 A 20 S O 2 2 R B
JWR, A1) A= [8]_E BAT B R G R Bk
THATREXT SSRGS R A T BRI . M
A = ) ELAT 15 i W U S0 7 AR SR TR S
T3 ARSI B TR 0 2 1
T FIRE AR, o675 A i 9 DAl A (EC0S o, it
B RESEIN, TE F0E 2 i B0, B A ik b
FHEAL I 3 TR R HBE RS
TR PR A SR ) A P e ) s
Mo (ULIEL9) o AR Ay TR Mg 358 o il 1) 7= 00, 7
FURL SR R, A Yl IO R R BE )

(ULPEL9) 8 A AR IS R , (oA o 3t )2 2 1
P, 3 BT S RIAS AR AT (TR B, A A oy 2 TSR
UEHOT R BRI E WA s B iliE. &
BRI T SRS AR KR e IR U T
TEREA ST Bl Ay B Rl Ak
EHHE TR A B, W A R S A s B
B A GBS, I B AR LU R ALV B
DAL 1 5 A0 P 92 BB ( DLIAT 9) o £5¢ B P
I IR IR SR T A SR SR O =]
DA o < JFAE R R R R 5 RS 2
18 | LA SR S SR

"

[ 4R =t S (7] e

[ C=1a4 o ] #ximn
[ RS CwEs [=] Btk

[ A [ % Es [=] %k REk
LY T E = 5 #H#% $(<0.05%) ] &mfe
O] 55E% (o |5 M9 51(0.05%-0.15%) [=] FFERARE
] #EEsls [o J5mBa5c0. 15%) [=] i

B9 W I A I S A rp o 2 U SR R U5 X
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