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Abstract: This paper is the result of mineral exploration engineering.

[Objective] The Naruo deposit is one of four super large deposits in Duolong ore district. It is composed of porphyry and breccia
type orebodies. Previous researches have focused on porphyry orebody, while the research on cryptoexplosive breccia ore bodies is
relatively weak. The temporal relationship between cryptic explosion processes and mineralization remains inadequately studied. The

cryptoexplosive breccia is generally produced in a cylindrical shape, with the breccia composed of feldspar quartz sandstone and
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granodiorite porphyry, and the cement mainly composed of rock powder. [Methods] This study is to explore the age relationship
between the formation and mineralization of cryptoexplosive breccia through chronological evidence. [Results] Zircon mineralogy
shows that the zircon edge of the granite diorite porphyry (NR1) is characterized by dissolution, weak oscillation zone, and
incomplete recrystallization. Zircons in cement (NR1) is characterized by fine crystalline form, clear oscillatory zone. The trace
element characteristics of these two types of zircons show that the source of two stages of magma is continental crust. The rare earth
distribution curves are relatively steep, with enrichment of heavy rare earth elements, loss of light rare earth elements, significant
positive Ce and negative Eu anomalies. LA-ICP—MS zircon U—Pb dating results show that the zircon ***Pb/**U age of granite diorite
porphyry is between 117.3 Ma and 125.4 Ma, with weighted average age of (120.8+1.4) Ma, indicating the diagenetic age of 120.8
Ma. The zircon **Pb / **U age of cement is between 113.5 Ma and 119.9 Ma, with weighted average age of (116.4+1.2) Ma,
indicating the cryptoexplosive age of 116.4 Ma. [Conclusions] The results in this study show two stages of diagenesis in Naruo
deposit, ~120 Ma and ~117 Ma, respectively. Mineralization occurred between 116 Ma and 117 Ma, rather than ~120 Ma. The
chronological data shows that the mineralization and cryptoexplosion are controlled by contemporaneous magmatism, with
cryptoexplosion occurring first and mineralization occurring later, and there are differences in the time and space of magma

evolution.

Key words: zircon U-Pb dating; cryptoexplosive time; diagenesis and mineralization; cryptoexplosive breccias; Naruo; Xizang;
mineral exploration engineering

Highlights: By dating the cement in the cryptoexplosive breccia, we constrain the ore-forming epoch of cryptoexplosive breccia-type
ore body from Naruo deposit.
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Fig.1 Geological map of the Duolong ore concentration area (modified from Yang Chao et al., 2014; Xu et al., 2015)
1—Quaternary; 2—Upper Cretaceous Abushan Formation; 3—Lower—Middle Jurassic Sewa Formation; 4-Lower Jurassic Quse Formation; 5—Lower

Cretaceous Meirigiecuo Formation; 6-Upper Riganpeicuo Formation; 7-Early Cretaceous monzonitic granite porphyry; 8—Early Cretaceous granite

porphyry; 9-Early Cretaceous quartz diorite porphyry;10-Early Cretaceous granodiorite porphyry; 11-Gabbro; 12-Basalt; 13—Peridotite;
14—Conformity boundary; 15-Unconformity boundary; 16-Fault and number; 17-Controlled ore body scope; 18—Position of deposits
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Fig.2 Geological map of the Naruo Cu(Au) deposit (after Gao Ke et al., 2016, 2023)
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12 0.024 2485 0064 1.1 261 1.15 184 6.1 824 36.6 1868 505 554 1424 1107.0 0.03 037 104.8
1-3 0.0l 3405 0016 041 203 105 198 868 119.7 56.1 2924 818 884 2258 17259 0.02 033 5283
1-4 001 2486 0033 038 3.00 1.13 123 584 751 343 1728 47.6 517 1333 1027.7 0.03 049 208.6
1-5 0.025 3557 0228 344 967 262 484 18.16 2273 96.8 4424 109.5 1064 249.0 2307.1 0.02 030 46.4
1-6 001 3262 0.103 2.07 433 204 294 1083 1422 651 3106 848 874 2151 17732 0.02 041 946
1-7 0267 2897 0224 2.19 359 128 198 799 909 42.1 2139 603 643 1664 1280.9 0.03 037 272
1-8  0.024 4269 0.08 2.01 592 161 321 1284 171.7 83.1 413.6 1123 1150 290.8 2318.8 0.02 028 1479
1-9  0.026 5734 0.172 2.74 8.69 449 538 22.07 283.5 130.5 640.7 170.5 1713 411.6 3499.1 0.02 049 97.6
1-10 0.128 36.63 0.067 125 6.11 254 286 1268 1445 693 3514 97.1 1016 263.7 20300 0.02 049 96.1
1-11 0.025 47 0066 224 584 235 337 1231 151.9 71 3373 91.7 971 2423 19687 0.03 040 191.9
1-12 0.109 37.65 0267 333 7.75 322 459 1584 2067 904 442 1148 1177 286.6 2431.6 0.02 041 376
1-14  0.01 3428 0.049 224 45 141 289 10.13 1375 64 3166 87.1 938 2398 18645 0.02 029 200.8
1-15 0556 32.17 04 259 543 191 354 1501 176.6 80.8 402.7 1124 1167 2854 23184 0.02 032 16.0
1-16 0.05 4933 0.05 1.41 392 1.89 266 1121 141.6 694 3488 964 1059 266.6 20763 0.03 042 218.7
1-17 001 506 0.12 1.76 4.7 156 255 1138 150 70.1 3435 91.7 977 241.1 1969.0 0.03 035 126.7
1-18 0.01 2137 0011 1.87 301 1.14 131 464 614 288 1566 444 498 1307 9651 0.03 047 442.1
1-19 0.01 3248 0.01 127 267 0.82 148 552 709 324 1649 46.1 517 1356 10245 0.04 032 719.8
120 0.01 261 0072 1.14 154 0.77 116 482 598 284 1407 40 436 113 8640 0.04 040 106.6
FESNR2

2-1 0.087 7224 0.117 5.67 9.81 4.18 624 2344 268.6 1255 603.7 1653 1725 4324 34984 0.03 039 147.7
22 0.010 187.11 0.059 3.53 11.75 4.72 703 28.72 3352 1485 708.1 180.2 1845 4393 3962.5 0.06 0.39 921.94
23 0.010 40.77 0.161 3.84 647 297 369 13.07 163 703 3255 86.6 878 2127 18403 0.03 046 76.7
24 0.046 4414 02 2.6 7.78 235 359 1356 174 765 379 99.6 1014 2557 21054 0.03 036 62.7
2-5 0010 47.69 0.143 1.87 3.02 152 223 812 107 51 2657 77.1 869 229.8 16843 0.03 041 100.7
2-6 0.026 28.11 008 1.86 344 0.78 156 596 784 37 191.6 53.6 582 151.9 11504 0.03 027 905
2-7 0.065 6136 0.144 4.17 9.04 3.74 49.5 1851 2127 969 4594 1183 1252 301.9 2587.7 0.03 043 112.0
2-8  0.042 4895 0.194 3.13 6.15 334 39 1406 1795 81.5 3884 109.7 1161 2953 23303 0.03 050 72.1
29 0.010 4462 0.132 159 459 206 264 10.06 133.6 63.9 3277 91.6 968 2482 19225 0.03 045 101.9
2-10 0.010 42.56 0.057 1.05 3.8 193 28 108 1324 618 293 79.6 863 2140 17320 0.03 041 216.6
2-11 0.010 2999 0.1 245 424 233 21.1 79 973 435 2128 59.6 643 172.1 12964 0.03 0.62 89.5
2-12 0.010 3524 0.145 1.16 4.15 193 23.6 886 1051 482 2462 689 725 187.1 14556 0.03 047 734
2-13 0.010 3026 0.071 299 562 217 252 849 107.7 48 2326 649 702 179.6 1409.6 0.03 047 1253
2-14 0.022 2579 0.059 089 1.83 1.63 161 654 80.8 36 1743 487 518 132.1 10428 0.03 0.62 118.06
2-15 0.023 4839 0.035 1.06 3.45 129 185 7.57 101.1 482 2434 714 800 216.6 1561.0 0.04 040 339.7
2-16 0.010 47.74 0.099 0.8 202 1.14 205 7.55 955 465 237.6 669 716 180.5 14229 0.04 035 143.9
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Fig.7 Chondrite—normalized REE patterns of zircons of cryptoexplosive breccias in the Naruo deposit (base map after Lu Yuanfa, 2004)

K2 EETAREAES (NR1) RAFEEREY (NR2) LA-ICP-MS 5 U-Pb FiROTER
Table 2 LA-ICP—-MS zircon U—Pb results of cryptoexplosive breccias (NR1) and cement (NR2) in the Naruo deposit

T JTEERHE/N0° WU A & LLAE E#/Ma
o Pb Th U 207pp/2%ph lo 07pp/ABy lo 206pp/28Yy lo 206pp/28Yy lo
[ 5 1 iR A NR 1
-1 26.07 399.2 622 0.64 0.04939 0.0042 0.12935  0.01007  0.01925  0.00033 122.9 2.1
1.2 1121 16046 25446  0.63 0.06806  0.00669  0.17787  0.01642  0.01922  0.00051 122.7 3.2
1-3 2223 27267 69752  0.39 0.0576 0.00516  0.14717  0.01187  0.01906  0.00037 121.7 2.3
1-4  11.04  164.65 284.41 0.58 0.06571 0.00711  0.15816  0.01506  0.01873  0.00054 119.6 3.4
1-5 1523 234.5 310.09  0.76 0.05332  0.00631  0.12856  0.01396  0.01881  0.00044 120.1 2.8
1-6 19.2 344.41 394.8 0.87 0.05077  0.00453  0.12611  0.00956  0.01872  0.00045 119.5 2.8
1-7 1373 201.83 295.16  0.68 0.05053 0.00641  0.12944  0.01579  0.01964  0.00054 125.4 3.4
1-8 2452 35757 63732 0.56 0.05658 0.00406  0.13896 0.0084 0.01865  0.00033 119.1 2.1
1-9  23.01 366.7 533.77  0.69 0.05372  0.00454  0.13892  0.01033  0.01941  0.00038 123.9 2.4
1-10 2042 31627 47298  0.67 0.06855 0.00835  0.16893  0.01872  0.01893  0.00043 120.9 2.7
1-11  33.14  523.19 72177 0.72 0.05053 0.00446  0.13886  0.01326  0.01961  0.00033 125.2 2.1
1-12 2372 4012 510.82  0.79 0.05559  0.00463  0.13491  0.00989  0.01864 0.0004 119.1 2.5
1-14  17.06 26292  437.62 0.6 0.05063 0.00466  0.12795  0.01037  0.01885  0.00038 120.4 2.4
1-15 3724 48177 118509  0.41 0.05166  0.00335  0.12978  0.00772  0.01908  0.00046 121.8 2.9
1-16 2921 39131 706.28  0.55 0.05677  0.00399  0.14534  0.00937  0.01904  0.00037 121.6 2.4
1-17 2521  451.07 629.89  0.72 0.04563 0.00331  0.11412  0.00817  0.01836  0.00032 117.3 2.0
1-18 1021 16146 27324  0.59 0.05522 0.0075 0.12671  0.01543  0.01854  0.00056 118.4 3.6
1-19 1698  252.62 39592 0.64 0.05083 0.00461 0.1271 0.01037  0.01862  0.00043 118.9 2.7
120 144 200.15 450.58  0.44 0.05345 0.00526 0.1292 0.01045  0.01854  0.00042 118.4 2.7
Reua fA iR T4 I 45 UNR 2
2-1 7374  1207.5 1641.04 0.74 0.05081 0.00229  0.12903  0.00585  0.01842  0.00024 117.7 1.5
22 9486 183129 1795.75  1.02 0.05199  0.00327  0.13176 0.0077 0.01878  0.00032 119.9 2.0
2-3  21.68  407.41 496.89  0.82 0.05148 0.00416  0.12745  0.00939  0.01818  0.00035 116.2 2.2
2-4  29.11  414.03 746.12  0.55 0.04842  0.00362  0.11945  0.00811  0.01818  0.00029 116.2 1.8
2-6 2287  361.94 604.7 0.6 0.04182  0.00336  0.10716  0.00835  0.01846  0.00034 117.9 2.1
2-8  11.76  200.02 303.54  0.66 0.05184  0.00574  0.12354  0.01383  0.01787  0.00042 114.2 2.7
29  39.01  699.45 817.3 0.86 0.05257  0.00435  0.12684  0.00977  0.01776  0.00035 113.5 2.2
2-10 4628 67623 114445  0.59 0.05025 0.00295 0.1261 0.00708  0.01823  0.00025 116.5 1.6
2-11 2176 348.72 52747  0.66 0.05072  0.00439  0.12398  0.00982  0.01809  0.00034 115.6 2.2
2-12 27.05  449.69 61825  0.73 0.04926  0.00385  0.12379  0.00991  0.01814 0.0003 115.9 1.9
2-13 1692 27422 396.09  0.69 0.06038 0.00565 0.1448 0.01261  0.01822  0.00041 116.4 2.6
2-15 224 318.42 51449  0.62 0.04954 0.0051 0.11959 0.0111 0.0183 0.00039 116.9 2.5
2-17 1623 28679 40027  0.72 0.05096 0.0041 0.12349 0.0077 0.01836  0.00038 117.3 2.4
2-18 1256 192.82 275.69 0.7 0.05617  0.00588  0.13122  0.01193  0.01817  0.00046 116.1 2.9
2-19  23.64  389.81 637.93  0.61 0.05157  0.00373  0.12847  0.00927  0.01806  0.00029 115.4 1.9
220 2281  377.85 591.07  0.64 0.0495 0.00344  0.12062  0.00758  0.01815  0.00034 116 2.1
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Fig.8 Concordia diagrams of zircons of cryptoexplosive breccias in the Naruo deposit

274 5 T4 VR FH R M A/ N I B A e DX LA U 1)
T KA T BB R IR A 5 T AT 1%, FLAR 4 11 e
/M e rT BB R T 45 VR & A= B[R] (Vavra et
al., 1999; Hoskin and Black, 2000), 52 K 52 M 555/
{4 A S A DX I LI g st ) A D AR 51
TE R 2 8] (R OCIR4E, 2004) o ASURBIFSE 8 3 4%
47 U-Pb 45 NR1 1 19 /M 5 AY2°Pb/28U 4E 1
JE A 117.3~125.4 Ma, JINALF- 2147 #5 4 (120.8+
1.4)Ma. 75 JFEAE A TE AR 7E 120 Ma Z |,
PR EE R AEAEZ) 117 Ma,

WA 22 3 5 BRI E RS2 ma (9 85 4, 7T AER
U FT BRI B4 18 (Liati et al., 2002; Tomaschek
et al., 2003) . NR2 FEdh A 16 A 800 A, 3R45
BEAT2P/28U AR TS B R 113.5~119.9 Ma, IAF
PR N (116.4£1.2)Ma, X —4 5 NR1 H 1A
WA I B TR . A IR
FRAE & A 5 B AR Ve e [ 7E 116 Ma 245 .
VR ZRAT 0 T 2 A 0% 5 R N AR A A A {1 A iR 2
T A — B (B T4, 2017) .
6 W it
6.1 HEARERMREX

HEAGORHA R, AN [R) s R85 A ELAT AN ] ) B A
K O R RRIE (R ITIRAE, 2004) . H0 A
FAM & 6 5L A BH S 0 PR ARRAE , A8 0t 4 0 2L T
O3 B REIE . AIKES A Th, U &,
Th/U HAERER(—>0.4); A8 Bidt A9 Th, U & m

X, Th/U FUAE#/N(—f#<0.1) (Rubatto and Gebauer,
2000; Moller et al., 2003) . IR 3= FEF X PR Al A
1S AT RBESE, 4 5 R R A T s A FlE
W e A . RERAE TR A2 E)E
WA AR s, R A IR AR A A, A R AR
JFRES AT P RRAE o 22 BE R A KB A R A
B 7RAR S AT T SRR, B B &6 (CL) B
AR T B AN ik, TGO | AR, S
o378 B A B R E (BB A i ST R Th/U T
8} 0.39~0.87, BI{E K 0.62, 7~ 7 3 5 A0 R4
HE, ABIZ HUAE AR R B RET 0.4, A T A 38454 578 R
B 2 8. BRI B A A s 2 3 A
PIBFENA, SRR BE RN

DI T A 5 B 45 0 v i Bt A 445 A RS, [
K I6(CL) MG SR 2% P I i, 2 Al Tl b 856
THRITZE ThU FfE 0.55~1.02, {EH 0.70, 30
FEE AT RAIE o 5 K PR RO E & A 2
TR P = e e R AR R R s A R, T
JEE AR A/ INTT I TR A B, 0 B Jie 4 vh 1
TR E—TRERS . FEHEN SRS TR
BB ZE R RS R, AR5 32 B e B A s ) (22
K, 2009), PRIZAARE S BB A AUBHPAT IS B AT 5

B A i TG 2R ) B A T PR B Y
F-BL E R E TR UL Yb, Y £ Yb-U fil
Y—U/Yb [ fift W 55 A S 5 76 il PR 2 i 7 J A
T 7R 2 A TR X (Grimes et al., 2007) . {3
JCRE BRI SR, AR EE Y i8S A 95 T
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Bili 7 DX I (1 9), i b DBy 52 0 R B A7 B v
BRI s A BRI A R X XY R Bl e 3R, 5 4R
X HA A R — 3 (R4 42 %, 2013; Li et al., 2013;
FFRYR5, 2014; PLia 4%, 2015b; Li et al., 2017)
6.2 BAEFHRERY R

SRR AL A R R, 7 ARHET R A
RN BCATHAE ZF 0N, (Hi R E 8. Bk
(2012) Fe S 4L ZK0001 [t 58 Sk i & 0 A6 i N
KB 72 Sk HEAT 540 U—Pb 4E, TANIZ A AT
AR R (119.440.6)Ma. T Il (2014) XF8™ A e &l
FLIN BT 18 B N BEA AR s, R &0 A R L
AERETE (119.4+0.6)Ma, PR EEAR —B, HlmF
E(2015) G5B AL B IN B B A A4 1E, B &0
ARG I, B AR 3 52 (120.2+1.4) Ma il
(120.5+1.2)Ma, B HIA AR AL EIIE 40 . Zhou
et al.(2015) FEE 0 X — W5 0 16 b IN K BEA 3R A5
AR AR H (124.0340.94) Ma, T HIZAEIR
WXy EE AR, P 2R Je (2016) 7E & AL
ZK0701 Hr 200m &b % 48 b PN B2 T 4F 25 21 1 7
HRCA R 7 (116.1£0.9) Ma, UiHH S8 IRAF7E 5
BRI A IE 3. SEA AT N TEREAIET, J2 s ik
B TN BE 25 A A7 1% 43 il 7E 124 Ma, 120 Ma Al
116 Ma 7247, ZBUA RIS 5 2 0 HAD SR IR A
AT AR (115~125 Ma) FEAR—2 (Li et al., 2013; #iL
[m]°F-4%, 2015b; Li et al., 2017) .
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Fig.9 Diagrams of Y-U/Yb (a) and Yb—U (b) of zircons (after Grimes et al., 2007)
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