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Fig. 1 Geological sketch map of Shidiquan area, Delingha, Qinghai
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Qp;"'—Quaternary Proluvium; N,s*—Upper Shizigou Formation; N,s'—Lower Shizigou Formation; O, d—Duoquanshan Formation; €,_50°—

Upper Oulongbuluke Formation; €, 5 0>—Middle Oulongbuluke Formation; €,_; o' — Lower Oulongbuluke Formation; NhZhz—Hongzaoshan

Formation; NhZs—Shiyingliang Formation; NhZk—Kubaimu Formation; NhZm—Mahuanggou Formation; Pt; D—Dakendaban Group; vPt,—

Gabbro. (D South Qilian block. ;@ Zongwulong monntain—Qinghai south mountain fault—subsiding geosyacline Paleozoic to Early Mesozoicera. ;@)

Olongbuluke block ;@ Saishiteng—Xitie mountain—Wahong mountain suture zone to Early Paleozoic. ;3 Qaidam block
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Fig. 2 Morphological characteristics of the gabbro
in Shidiquan area, Delingha, Qinghai

P 3 5 TR A W A JEE SR DRI o A AR
Fig. 3 Rock character of the gabbro in

Shidiquan area, Delingha, Qinghai
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Bkt it o At RHR A A AT A7 A
FHRATE AL 60% Zidy, )70 N An =60 ~ 80 [HiL
FiRkfro B AIRACR, DR IR RDIR  BiAR R/
TE 2 ~5mm HURLL, K T RIEA AL, R AU
. SO PR . DR IRAAIR T

P 4 55 184 A0 I SR DOVE I i U
(d=5mm JEAT)
Fig. 4 Microscopic features of the gabbro in
Shidiquan area, Delingha, Qinghai
(d =5mm cross-polarized light)

EOT Y Z I, By WYt 40% A7, 85 LA
FINA R E, R A, B R eI RLIR, R K/
FEAEL ~Smm AU, 5] 6 ~Tmm, H
b EER A, B R, — R SR ATR
Forfio BMER AW, Oy YWEZE RAELNA
fbo PEATRE RS FIEA RET Sk Ak. ZRE
TR, MAREEMANAG EARTANAZY,
FAINA R T A NAREREB R (E4),

3 AR

MR A A A= g R W& 1. 78 TAS
Si0,—(Na,0 + K,0) [l , 4 i Yo V% 76 0 1k 5
GG (B Sa) , BLRZOE K A LA R 3,3 7
FESR TS LE AR VA X (18] Sa) {2 i 42
S Wiy EEA A

S SI0, FriE 48.57 ~50.22% , J@ Rtk
¥, Fe,0, /N T FeO,TFeO [ 58K 5.77% ~
7.52% MgO &8 9. 11% ~9.87% , {17 &5 &

X1 EBECHARSMERPANBEREEAUERS (%) —K

Table 1 Petrochemical contents( % ) of the medium—fine grained gabbro in Shidiquan area, Delingha, Qinghai

R Si0, | ALO; | Fe,05 | FeO | Mg0 | CaO | Na,O0 | K,0 | TiO, | MaO | P05 | 4% s
D2431-YQL | 50.22 | 18.07 | 2.65 | 5.14 | 9.28 | 7.88 | 2.3 | 0.69 | 0.31 | 0.11 | 0.03 | 2.83 | 99.51
D2431-YQ2 | 49.82 | 16.93 | 1.14 | 4.74 | 9.11 | 12.58 | 2.01 | 0.34 | 0.38 | 0.1 | 0.04 | 0.41 | 97.6
D2431-YQ3 | 48.57 | 16.63 | 1.14 | 5.15 | 9.87 | 11.92 | 2.13 | 0.23 | 0.35 | 0.1 | 0.04 | 0.68 | 96.81
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Fig. 5 TAS Si0,—(Na,0 +K,0) diagram(a) and SiO,—K,Odiagram (b) (the translation of Shoshonite

is from Zhang Bangtong et al. ,2011#) of the gabbro in Shidiquan area, Delingha, Qinghai

HHERE , CaO 2 7. 88% ~12.58% 2 [i] ;Na, O g
F2.01% ~2.30% , 5 >2% L) I3 ALO, &k
16.63% ~18.07% , & B3 &, B & BRde o,
MgO EFEANT 9. 11% ~9.87% , LA K, Mg" 25 fk
T0.69 ~0.74 ZJa], Hrp Mg® =n(Mg)/[n(Mg) +
n(TFe) ] (AP #55,2015a,b) ; Htp TiO, & & N
0.31% ~0.38% , F-BI{EAR T K IR Hr B X
408 (Na, 0 + K,0) & 8/ (2.35% ~2.99% ) , H.
Na,0/K,0 i 3.33 ~9.26, J& TALEH & & i L%
w2578 Si0,—K, 0 Elfif (&l 5b) % A B IR HL 5
LR RN e X R A XN, A/NCK {E
0.64 ~0.96 ¥/NF 1, )@ TUEFR FEME A S, Hipg i
RUAIRRRE

4 A IR RRAE

4.1 HLIHHE

H 3% 2 AL, MR A A A R B BAIK, X REE
1E27.96 x107° ~29. 12 x 10 2 a]; % E MR+ 2 1
LREE/HREE =7.63 ~7.84, (La/Yb), = 6.41 ~
7. 37, WA AT s AR R AR
Bl ,8Eu R 1.61 ~ 1. 82, ¥k F 1, HAHIE F %
fiE, R AAFE RHS A I HE S VE . Sm/Nd =0.22 ~
0. 25, 55 i Y5 X 75 28 o AH— 2K

FELABERRLB A ( BLAE 6 AN3RoRL B A 7 {8 (3%
M, 1973) ) sl i e s A= b (1B 6) , FF i
2R S e ks A A - A A AR B A
TE2, FE i EL IR U IE 4G 58 RRIE , X PR 2 B AU X
FEA G391 5 5 AR B AH A0 b SRl 2 R A
(#i& Crocket, 1979 ) i # - FC 70 BUCAHAL o RRAIE i Bk
Eu 1E 55 B2, Sk g 25 45 b AF 0 MEARME s 4

R2EEBLMARRMRBERER I TREE( x107°) REHEMBER
Table 2 Analytical results and characteristic values of REE of the gabbro in Shidiquan area, Delingha, Qinghai

FEAE La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb
D2431-XT1 | 4.80 | 11.10 | 1.42 | 5.45 1.24 | 0.69 | 1.05 | 0.18 | 0.8 | 0.14 | 0.44 | 0.06 | 0.43
D2431-XT2 | 4.90 | 12.10 | 1.37 | 5.02 | 1.24 | 0.65 | 1.16 | 0.20 | 0.77 | 0.14 | 0.43 | 0.06 | 0.46
D2431-XT3 | 4.75 | 11.92 | 1.36 | 5.90 | 1.28 | 0.63 1.08 | 0.18 | 0.83 | 0.15 | 0.42 | 0.07 | 0.49

s Lu Y SREE | LREE | HREE | LREE/HREE Sm/Nd (La/Yb) y 3Fu 5Ce
D2431-XT1 | 0.08 | 4.28 | 27.96 | 24.70 | 3.26 7.58 0.23 7.37 1.82 | 0.99
D2431-XT2 | 0.09 | 4.08 | 28.59 | 25.28 | 3.32 7.63 0.25 6.97 1.65 1.08
D2431-XT3 | 0.08 | 4.19 | 29.12 | 25.83 | 3.30 7.84 0.22 6.41 1.61 1.09
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Fig. 6 Chondrite normalized REE patterns of the
gabbro in Shidiquan area, Delingha, Qinghai
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Fig. 7 Trace elements spidergram of the gabbro
in Shidiquan area, Delingha, Qinghai
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FIIH LA-MC-ICP-MS J5 i #5171 45 A U-Pb i IX
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TEAE IS5 o — 30, 45 1 T 2467 + 13Ma fAF IR AR, 2L
i U-Pb [R5 2B AT LI 9

25 LTIk, 30 JA 44 47 s 45 th Y 2467 + 13Ma
(AR IR (ELAR W] BB I 2 B 445 b A TP B 4
A7 0 BIZ SRR A 1 B AR08 Rl e AR

6 e

6.1 MIEINES

R A2 A A 5 A Na, O > K, 0, %
A7 ELAR B B 5 R R AL s s B e A T R
i 55 a4 TR 15 400 A AR AL o A X
SFu Ky 1.61 ~ 1. 82, ¥J KT 1, LA IF 9 F5-1F , 5
IMEERHC A PHERER . SHERZ R SR
FE+ 3 AL, 2T KB 2 T i JT 2R Rk &
ok X ] 7 X RO e A ) R X, G s A AR
6% Rb Ba Th HI M g4, P EARHAETER
Nb Ce Hf Zr Sm M55 AMHZA TR Ti\Y . Yb S5 HA
SR PREL A T B, o P ot R T B, B
" %%, Rb JTR W& L B BN ; &1, HE
(Rb / Yb)N HfH > 1. £G4, SRR A 5K

RIEBELHRARRMREREMEBTRERR( x107°) FHEMER

Table 3 Analytical results and characteristic value of Trace elements of the gabbro in Shidiquan area, Delingha, Qinghai

FE ST Ba p Sr Ti Zr
D2431-Dyl 314 268 650 2160 101
D2431-Dy2 320 278 645 2172 98
D2431-Dy3 324 286 653 2156 108

Rb Nb Hf Ta Th U
65.8 3.17 1.73 0.29 4.84 0.70
66.2 2.98 1.67 0.28 4.81 0.71
64.7 3.20 1.72 0.29 4.83 0.70

AL A O YL T O
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Fig. 8 Cathodoluminescence image of zircons from the gabbro in Shidiquan area, Delingha, Qinghai
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Fig. 9 U-Pb concordia diagram of the zircons from the gabbro in Shidiquan area, Delingha, Qinghai
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Table 4 LA-ICP-MS U-Pb isotope dating analysis of zircons from the gabbro in Shidiquan area, Delingha city, Qinghai

*® 4 FBESHARRMERERKSE LA-ICP-MS {557 U-Pb WESTER

TEREE(x107°) IF 7 3% LA A (Ma)

5 5 o " U Th/U | n(*"Pb)/n(**Pb) | n(*"Pb/n(**U) | n(**Pb)/n(**U) [n(*"Pb)/n(**Pb) | n(*’Pb)/n(**U) | n(**Pb/n(**U) | jsefnp
WE | lo | WE | le | W | Lo | W | lo | WH | lo | WH | o | (%)
D2431-1-01 73 69 77 0.90 | 0.1601 | 0.0054 |10.5263 | 0.3817 | 0.4764 | 0.0083 | 2456 58 2482 34 2511 36 98
D2431-1-02 79 88 85 1.03 | 0.1579 | 0.0040 |10.0009 | 0.2641 | 0.4595 | 0.0056 | 2433 42 2435 24 2437 25 99
D2431-1-03 235 251 247 1.02 | 0.1569 | 0.0029 | 10.3208 | 0.2121 | 0.4759 | 0.0054 | 2433 31 2464 19 2509 24 98
D2431-1-04 230 215 273 0.79 | 0.1565 | 0.0031 | 10.0606 | 0.2163 | 0.4647 | 0.0049 | 2420 33 2440 20 2460 22 99
D2431-1-05 291 264 321 0.82 | 0.1593 | 0.0033 |10.4099 | 0.2143 | 0.4731 | 0.0044 | 2450 35 2472 19 2497 19 98
D2431-1-06 149 144 166 0.87 | 0.1558 | 0.0035 |10.2039 | 0.2331 | 0.4754 | 0.0054 | 2410 38 2453 21 2507 23 97
D2431-1-07 301 288 344 0.84 | 0.1561 | 0.0031 |10.2093 | 0.2144 | 0.4731 | 0.0043 | 2413 34 2454 19 2497 19 98
D2431-1-08 62 59 70 0.84 | 0.1610 | 0.0040 | 10.3295 | 0.2643 | 0.4668 | 0.0062 | 2466 41 2465 24 2469 27 99
D2431-1-09 359 454 308 1.47 | 0.1619 | 0.0030 |10.5342 | 0.1965 | 0.4716 | 0.0044 | 2476 25 2483 17 2491 19 99
D2431-1-10 219 207 254 0.81 | 0.1662 | 0.0035 |10.4604 | 0.2240 | 0.4562 | 0.0049 | 2520 35 2476 20 2423 22 97
D2431-1-11 141 144 158 0.91 | 0.1599 | 0.0032 | 10.3025 | 0.2121 | 0.4666 | 0.0044 | 2455 33 2462 19 2469 19 99
D2431-1-12 102 108 105 1.02 | 0.1570 | 0.0036 | 10.3005 | 0.2477 | 0.4758 | 0.0056 | 2424 39 2462 22 2509 24 98
D2431-1-13 186 214 173 1.23 | 0.1587 | 0.0034 |10.3262 | 0.2304 | 0.4705 | 0.0044 | 2443 36 2464 21 2486 20 99
D2431-1-14 174 166 198 0.84 | 0.1584 | 0.0030 | 10.2917 | 0.2121 | 0.4690 | 0.0046 | 2439 33 2461 19 2479 20 99
D2431-1-15 268 210 344 0.61 | 0.1624 | 0.0031 | 10.5474 | 0.2150 | 0.4693 | 0.0050 | 2481 31 2484 19 2480 22 99
D2431-1-16 202 191 229 0.83 | 0.1613 | 0.0034 |10.4633 | 0.2356 | 0.4683 | 0.0056 | 2469 35 2477 21 2476 24 99
D2431-1-17 192 172 211 0.81 | 0.1644 | 0.0037 |10.6180 | 0.2399 | 0.4669 | 0.0053 | 2502 37 2490 21 2470 23 99
D2431-1-18 207 211 211 1.00 | 0.1626 | 0.0041 | 10.4776 | 0.2566 | 0.4658 | 0.0051 | 2483 42 2478 23 2465 23 99
D2431-1-19 177 167 205 0.81 | 0.1601 | 0.0036 |10.2831 | 0.2290 | 0.4645 | 0.0047 | 2456 38 2461 21 2459 21 99
D2431-1-20 107 105 114 0.92 | 0.1574 | 0.0035 | 10.4159 | 0.2249 | 0.4805 | 0.0053 | 2428 37 2472 20 2530 23 97
D2431-1-21 79 86 77 1.12 | 0.1620 | 0.0040 | 10.6254 | 0.2599 | 0.4765 | 0.0057 | 2476 41 2491 23 2512 25 99
D2431-1-22 262 205 337 0.61 | 0.1633 | 0.0030 | 10.4692 | 0.1887 | 0.4636 | 0.0036 | 2490 30 2477 17 2455 16 99
D2431-1-23 633 668 650 1.03 | 0.1625 | 0.0028 | 10.6387 | 0.2012 | 0.4731 | 0.0047 | 2483 34 2492 18 2497 21 99
D2431-1-24 93 97 96 1.00 | 0.1584 | 0.0043 |10.2767 | 0.2997 | 0.4696 | 0.0062 | 2439 47 2460 27 2482 27 99
D2431-1-25 278 273 299 0.91 | 0.1650 | 0.0036 |10.7494 | 0.2379 | 0.4730 | 0.0068 | 2509 36 2502 21 2496 30 99
D2431-1-26 140 150 143 1.05 | 0.1638 | 0.0041 | 10.5657 | 0.2480 | 0.4699 | 0.0059 | 2495 41 2486 22 2483 26 99
D2431-1-27 283 343 255 1.34 | 0.1621 | 0.0028 | 10.7403 | 0.1992 | 0.4793 | 0.0044 | 2477 29 2501 17 2524 19 99
D2431-1-28 163 157 180 0.87 | 0.1662 | 0.0030 |10.9502 | 0.2157 | 0.4770 | 0.0049 | 2520 31 2519 18 2514 21 99
D2431-1-29 93 109 89 1.23 | 0.1643 | 0.0042 | 10.6402 | 0.2820 | 0.4700 | 0.0065 | 2502 43 2492 25 2483 29 99
D2431-130 279 191 380 0.50 | 0.1650 | 0.0032 | 10.8076 | 0.2269 | 0.4740 | 0.0054 | 2507 33 2507 20 2501 24 99
T < it PR R g ) 2 B T S B s
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Fig. 10 R1—R2 diagram of the gabbro in
Shidiquan area, Delingha, Qinghai
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petrogenesis of the Cenozoic alkali basalts in Hebi, eastern North

LA-ICP-MS Zircon U-Pb Dating and Geological Significance of
Shidiquan Gabbro in Delingha, Qinghai

YANG Zhangzhang, LI Silong, YANG Qiangsheng, LIU Xupeng, SHANG Pengfei
Team No. 1, Shaanxi Bureau of Geology and Mineral Resources,Ankang ,Shaanxt, 725000

Objectives: The study area is located in the south of late Paleozoic to early Mesozoic rift zone in Zongwulong
Mountain—Qinghai Nanshan, and its tectonic position lies in the third grade tectonic unit of Oulongbuluke Block in
Qinling—Qilian—Kunlun orogenic belts. The rocks in this district consist of mainly acid rocks and much less mafic
rocks. Up to now, little study on petrology and geochemistry of mafic rocks in Shidiquan district in Delingha city
has been reported, and the formation age of mafic rocks is still unknown as well. Therefore, the author of this paper
intends to take mafic rocks that crop out in Shidiquan district as research objects. Through detailed field observation
as well as petrology analysis, geochemistry analysis and U-Pb isotopic dating method, we will discuss the problems
of petrology, geochemical characteristics, formation time and magma origin in the study area in depth.

Methods: A gabbro sample, which weighs about 40 ~ 55kg, was collected in Shidiquan area for isotopic
dating, with its geographical coordinate of E96°09'25", N37°30'40". Zircon separation was carried out using
conventional methods, and zircon grains were then hand-picked under a binocular microscope. Afterwards, zircon
grains with fine crystalline shape and transparency were mounted in epoxy mounts and next been polished to section
the crystals in half for further analysis. These steps were undertaken at the Langfang Rock and mineral testing
technology, Co. Ltd, Hebei province, China. Later, Then zircon grains were taken cathodoluminescence ( CL)
images by using scanning electron microscope to reveal their internal structures. Zircon U - Pb isotopic ages were
analyzed using the laser ablation-multicollector inductively coupled-plasma mass spectrometry ( LA-MC-ICP-MS) at
the at the State Key Laboratory of Continental Dynamics, Northwest University, China. Analytical instruments
include Agilent7500a type four stage rod mass spectrometer, Geolas200M laser ablation system and excimer laser
with wavelength of 193nm. The diameter of laser beam was 30 m and the depth of it is 20 ~40 um. and using He
as acarrier gas. Zircon age is calculated using standard zircon 91500 as an external standard, the element content of
the United States by the national standard material board synthetic silicate glass NIST610 as external standard, SiO,
content for internal standard calibration. Zircon content and isotopic data by China University of Geosciences Liu
Yongsheng bo scholar research and development of ICPMSDataCal program and Ludwig Kr Isoplot for data
processing and drawing, the Tom Andersen method for correction of common lead.

Results: LA-ICP-MS zircon U-Pb dating of the gabbro shows an Paleoproterozoic age of 2467 +13Ma. The
analyses of major and trace elements show that the Shidiquan gabbros have characteristic of slightly rich in Mg, Al
and Na.

Conclusions: The Shidiquan gabbro samples belong to the aluminum basite and are derived from mantle

magma. Comprehensive analyses suggest that the Shidiquan gabbro is the product of uprising melt from upper mantle
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during the breakup of the continental basement. This study provide the evidence that the strong magmatic activity
has occurred in the paleoproterozoic in the Shidiquan area and confirmed that the age of the Dakendaban Group may
extend down to the late Neoarchean.

Keywords : Gabbro Geochemistry Zircon U-Pb dating Shidiquan area
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