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Discovery of cesium-rich siliceous breccia in Dazhuka Formation at southern
margin of Lhasa Block and its geological significance
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Abstract

The Dazhuka Formation is a set of continental molasse deposits distributed in the southern margin of Lhasa
Block, which has been poorly studied. In this paper, the new cesium-rich siliceous breccia found in the Dazhuka
Formation is studied. The microscopic identification, Sr-Nd isotope, major and trace element geochemistry of the
whole rock, LA-ICP-MS U-Pb dating and Lu-Hf analysis of magmatic zircons selected from the breccia are car-
ried out. The results show that the formation age of magmatic zircons in the siliceous breccia of the Dazhuka For-
mation is (54.924+0.75)Ma, which confirms that the products of Eocene magmatism provide part of the prove-
nance of the Dazhuka Formation. Zircon g,() values are between 7.71~10.17 and whole rock Sr-Nd isotopes are

similar to those of the Linzizong Group volcanic rocks, but (*’Sr/*Sr), is obviously different from the cesium gey-
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serite deposits with crustal origin in the region. Fe-Mn-Al, Cr-Zr, SiO,-(K,0+Na,0), Si0,-Al,O, and other dia-
grams show that the siliceous breccia of the Dazhuca Formation is of hydrothermal metasomatism origin. It is

concluded that the protolith of the cesium-rich siliceous breccia in the Dazhuka Formation may be pyroclastic

rocks formed in the early stage of collision orogenesis, and the pyroclastic rocks underwent a cesium-rich and sili-

ca-rich hydrothermal fluid metasomatism event before the deposition of the Dazhuka Formation. The discovery

of cesium-rich siliceous breccia in the southern margin of Lhasa Block prior to the Miocene confirms that cesium

enrichment occurred during the India-Eurasia continental collision orogeny, and may be a potential source area

for modern cesium geyserite deposits. These cesium-rich siliceous breccia are abundant and have high cesium

content, which is a new cesium ore prospecting prospect area.

Key words: Dazhuka Formation, cesium ore, siliceous breccia, the southern margin of Lhasa Block, Tibet
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Fig.1 Regional tectonic setting of Lhasa Block (a, modified from Zhu et al., 2013) and geological map of the cesium-rich siliceous

breccia research area of the Dazhuka Formation, southern margin of Lhasa Block (b, modified from Zhu et al., 2003)

1—CQuaternary; 2—Dazhuka Formation; 3—Qiuwu Formation; 4—The first member of Angren Formation; 5—Takena Formation; 6—Chumulong

Formation; 7—Bima Formation; 8—Mamuxia Formation; 9—Biotite alkali feldspar granite; 10—Biotite granite; 1 |—Biotite quartz monzonite

diorite; 12—Biotite granodiorite; 13—Diorite; 14—Geological boundaries; 15—Unconformable geological boundary; 16—Normal fault;

17—Reverse fault; 18—Strike slip fault and fault; 19—River; 20—Sampling location
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Fig.2 Stratigraphic column of the Dazhuka Formation(modified from Zhu et al., 2003)
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Fig.3 Field photos of siliceous breccia in the Dazhuka Formation at the southern margin of Lhasa Block

a. Field photos of siliceous breccia in the Dazhuka Formation; b and c¢. Weathering surface of siliceous breccia in the Dazhuka Formation; d. Fresh

surface of siliceous breccia in the Dazhuka Formation
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Fig.4 Cathodoluminescene images of zircons (a) and U-Pb concordia diagram of zircons (b) in cesium-rich siliceous breccia of the

KA+ 4 & e rk A A B IR G I (2) S g 41 U-Pb 4341 R £ (b)

Dazhuka Formation, southern margin of Lhasa Block
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Table 1 U-Pb isotope analysis of zircon in siliceous breccia of the Dazhuka Formation

o w(B)/10° o R M —

o Pb Th 07pp296PL  1g 2PHA23SU . 1o 26Pb2BU 1o, 2Pb2SU o 206ppy /238 ] o 53
XTMO1-01 3.56 330.25 343.45 0.96 0.0452 0.0032 0.0527 0.0036 0.0085 0.0002 52.1101 3.5066 54.2660 1.0110 95%
XTMO01-02 5.79 484.42 552.09 0.88 0.0484 0.0030 0.0569 0.0031 0.0085 ~0.0001 56.1510 2.9701 54.6987 0.9346 97%
XTMO01-04 3.50 254.34 34435 0.74 0.0502 0.0032 0.0599 0.0033 0.0086 0.0002 59.0408 3.1598 55.5209 0.9599 93%
XTMO1-05 2.41 180.04 234.69 0.77 0.0475 0.0049 0.0566 0.0051 0.0086 0.0002 559058 4.9119 554091 1.1257 99%
XTMO1-07 5.58 519.92 469.50 1.11  0.0501 0.0029 0.0624 0.0033 0.0090 0.0001 61.4482 3.1977 57.9061 0.8993 94%
XTMO01-08 2.61 158.97 275.40 0.58 0.0479 0.0037 0.0560 0.0039 0.0085 0.0002 55.2972 3.7416 54.3499 1.0880 98%
XTMO01-09 6.32 633.03 494.43 1.28 0.0500 0.0028 0.0634 0.0034 0.0092 0.0002 62.3980 3.2334 58.9915 1.0861 94%
XTMO1-10 4.71 440.47 45426 097 0.0468 0.0031 0.0548 0.0035 0.0085 0.0002 54.1593 3.3503 54.4801 0.9771 99%
XTMOI1-12 3.38 281.64 338.69 0.83 0.0515 0.0042 0.0584 0.0042 0.0082 0.0002 57.6551 3.9881 52.8452 1.1036 91%
XTMOI1-13 3.15 208.39 319.90 0.65 0.0506 0.0039 0.0594 0.0043 0.0085 0.0002 58.6199 4.1030 54.7005 1.1023 93%
XTMO1-14 3.78 307.02 384.94 0.80 0.0457 0.0038 0.0527 0.0045 0.0084 0.0002 52.1442 4.3815 53.7104 1.1825 97%
XTMO1-17 4.29 33233 44046 0.75 0.0451 0.0041 0.0514 0.0045 0.0083 0.0002 50.8698 4.3115 52.9874 1.1406 95%
XTMO1-18 3.02 22527 301.41 0.75 0.0504 0.0036 0.0588 0.0039 0.0085 0.0002 58.0283 3.6994 54.2830 1.1323 93%
XTMO01-20 3.35 258.79 32895 0.79 0.0480 0.0035 0.0567 0.0036 0.0086 0.0002 55.9803 3.4736 54.9237 0.9985 98%
XTMO1-21 4.83 384.71 466.07 0.83 0.0458 0.0032 0.0545 0.0033 0.0086 0.0002 53.8888 3.2041 55.3208 0.9687 97%
XTMO01-22 2.50 153.11 259.25 0.59 0.0512 0.0042 0.0600 0.0052 0.0085 0.0002 59.1410 4.9987 54.5379 1.3401 91%
XTMO1-23 2.54 15732 25529 0.62 0.0436 0.0041 0.0525 0.0043 0.0087 0.0002 51.9255 4.1435 55.9372 1.3471 92%
XTMO01-24 3.05 203.84 315.89 0.65 0.0456 0.0035 0.0523 0.0039 0.0083 0.0002 51.7500 3.7822 53.3535 1.0863 96%
XTMO1-25 3.55 254.79 35234 0.72 0.0482 0.0035 0.0556 0.0034 0.0084 0.0002 54.9595 3.3051 53.6572 1.0784 97%

TE PN 1o
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4.1.1  REFUARR SRR

fRE BRI O, Z 2R AR, e, 25
R EAREE P 10~40 cm 22 [8] , 76 TR J2 07 P 5 &

R2 KM FHBRAGEEIETE (wB)%) METE (wBYI0*) FIHER

Table 2 Major (w(B)/%) and trace (w(B)/10°°) elements analytical results of siliceous breccia of the Dazhuka Formation

45 XTMO1-1 XTMO1-2 XTMOI1-3 XTMO1-4 XTMOI1-5

Moy XTMO1-1  XTMO1-2 XTMO1-3  XTMO1-4 XTMO1-5

TFe,0,  3.21 2.52 2.61 2.38 2.63
K,O 0.80 0.95 0.78 0.93 0.65
MgO 0.38 0.40 0.33 0.40 0.34
Na,O 0.08 0.13 0.14 0.08 0.13
ALO, 3.20 3.62 2.96 3.51 2.78
Ca0 021 0.29 0.23 0.21 0.25
Sio, 88.60 89.57 90.16 88.34 90.39
MnO 0.02 0.04 0.07 0.01 0.05
P,0, 0.06 0.05 0.06 0.06 0.06
TiO, 0.09 0.11 0.09 0.10 0.08

Bedkdm 259 232 237 3.07 1.93

Li 114 128 122 116 123
Be 7.42 7.45 7.89 7.07 8.37
Sc 1.20 1.45 1.13 1.44 0.88
Ti 533 622 477 545 415
\Y% 13.1 15.2 12.3 135 10.7
Cr 8.04 283 12.2 8.17 9.75
Mn 159 243 438 99.5 341
Co 6.37 4.86 5.26 14.2 5.09
Ni 6.46 6.42 6.53 5.67 6.86
Cu 7.72 10.2 7.39 6.30 10.2
Zn 16.0 352 203 28.5 28.7
Ga 4.55 5.59 4.48 4.86 4.00
As 1185 569 741 943 577
Se 0.14 0.09 0.17 0.13 0.16
Rb 89.9 108 83.0 96.2 71.6

Sr 87.5 90.0 77.5 82.2 84.3

Y 2.24 2.71 2.63 3.05 2.18
Zr 14.7 21.2 19.1 24.4 19.9
Nb 1.67 1.89 1.27 1.11 1.16
Mo 7.93 6.87 5.81 4.41 10.6
Sn 1.02 0.68 0.58 0.54 1.28
Cs 440 442 438 415 413
Ba 379 445 270 279 480
La 4.24 5.26 4.27 4.74 3.79
Ce 7.81 9.49 7.64 8.80 6.73
Pr 0.83 1.00 0.81 0.95 0.71
Nd 3.18 3.75 3.05 3.54 2.66
Sm 0.56 0.65 0.55 0.62 0.49
Eu 0.17 0.20 0.18 0.18 0.15
Gd 0.44 0.52 0.46 0.50 0.40
Tb 0.07 0.08 0.07 0.08 0.06
Dy 0.40 0.48 0.43 0.52 0.37
Ho 0.08 0.10 0.09 0.10 0.07
Er 0.22 0.27 0.24 0.30 0.21
Tm 0.03 0.04 0.04 0.04 0.03
Yb 0.21 0.26 0.24 0.29 0.20
Lu 0.03 0.04 0.04 0.04 0.03
Hf 0.41 0.61 0.53 0.67 0.55
Ta 0.14 0.17 0.11 0.15 0.11
Pb 18.8 46.3 14.5 51.0 32.7
Th 1.33 1.62 1.45 1.75 1.00
U 0.71 0.79 0.70 0.77 0.58
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Fig.5 Primitive mantle-normalized trace element diagram (a) and chondrite-normalized REE patterns (b) of siliceous breccia of the

Dazhuka Formation
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Table 3 Hf isotope analysis of zircon in siliceous breccia of the Dazhuka Formation

B 176Y b/\TTHF 26 176Lu/\TTHE 26 VSH{/THE 26 S0 Toun/Ma Frome
XTMO1-01 0.021992 0.000124 0.001012 0.000005 0.282978 0.000010 8.42 587 -0.97
XTMO01-02 0.012691 0.000045 0.000597 0.000002 0.282970 0.000012 8.18 603 -0.98
XTMO01-03 0.016357 0.000157 0.000754 0.000007 0.282986 0.000012 8.76 566 -0.98
XTMO01-04 0.033147 0.000110 0.001470 0.000004 0.283027 0.000011 10.17 476 -0.96
XTMO1-05 0.025044 0.000143 0.001145 0.000007 0.282957 0.000011 7.71 633 -0.97
XTMO1-06 0.032416 0.000085 0.001388 0.000003 0.282967 0.000012 8.02 612 -0.96
XTMO01-07 0.016121 0.000119 0.000755 0.000005 0.282983 0.000011 8.70 572 -0.98
XTMO1-08 0.046602 0.001490 0.001994 0.000062 0.282971 0.000009 8.16 603 -0.94
XTMO01-09 0.017234 0.000133 0.000793 0.000006 0.283003 0.000012 9.42 526 -0.98
XTMO1-10 0.019708 0.000122 0.000891 0.000006 0.282984 0.000010 8.64 573 -0.97
XTMO1-11 0.015135 0.000043 0.000710 0.000002 0.282992 0.000011 8.88 556 -0.98
XTMO1-12 0.018734 0.000079 0.000887 0.000003 0.283014 0.000011 9.69 504 -0.97

e AR 1
x4 KM FHEERERAFESINAEMNESTER
Table 4 Sr-Nd isotope analysis of siliceous breccia of the Dazhuka Formation
eSS Ay /Ma $7Rb/Sr $7Sr/36Sr (*7Sr/*6Sr),  Sm/™Nd  '"Nd/"Nd  (“*Nd/"“Nd), ) Tpyo/Ma
XTMO1-1 54.3 2.971996 0.707721 0.70543 0.105833 0.512479 0.512441 —2.48 1064.83
XTMO1-2 54.7 3.477858 0.707744 0.705042 0.105364 0.512591 0.512553 -0.29 886.51
XTMO1-3 55.6 3.09873 0.707776 0.70533 0.108681 0.51268 0.512641 1.45 745.93

TE: AN 1,
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Fig.6  Polished section of siliceous breccia hand specimen of the Dazhuka Formation(a) and Photomicrographs(b~f)

a. Polished section of siliceous breccia hand specimen; b, ¢, . photos of detritus(cross-polarized light); d, e. Photos of crystal pyroclast(cross-

polarized light)
Qzt—Quartz; Pl—Plagioklase; Ser—Sericite
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al., 2009) . AL, MR AL AY K LU Al A Al RE S
KA RS 7AW . BT IR A, A SO0 R
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B A7 HE W] 457 3R BE A &% Sz e 5 51 ok IR
(Griffin et al., 2002; Beloisova et al., 2006) . 24~ X3k
13 RAT R AL BT B 5 a1 e AT
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UL A R I e S AR S A T RE B AT AR LA R

DX P, T H = 0 e )fE 7853 U W 175 45 b 4 S 7
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Nd [R5 ZRFAE AL, HE(37Sr/%6Sr), B i X 51 F- 7 5% b
P4k L E eI R = 1A REAEDT R (] 76) .
RERUA T Fe Mn I EEFESHOKNS 54
5, AL H G B 4R 22 55 I U4 5 1) A AR 2% (J] 7k
1990 JE K B4, 1994b; F i BEE ,2004), Al/(Fe+
Mn+AL) HAE H 27K 9 0.01 21 4l e i A 4 K 1 0.60
Ak . HE It , Adachi %5 (1986) 1 Yamamoto %5 (1987)
ARGy T BOKTURBAEEBOK TR RE I 5 7F Fe-
Mn-Al B AL E A SORE RAT S 2R T B 75 11
FE BRI T Fe-Mn-Al & (& 8a) v, 1l DLEE 543 #i
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Fig.7 Illustration of the U-Pb age-¢,(¢) distribution of siliceous breccia of the Dazhuka Formation(a, the data of the Dianzhong
Formation, Nianbo Formation are quoted from Li et al., 2007; the data of the Pana Formation are quoted from Liu et al., 2019) and
(VSr/%Sr)-£,(t) diagram of siliceous breccia of the Dazhuka Formation (b, modified from Zheng et al., 2015; the data of the
Linzizong volcanic rock are from Dong, 2002; Mo et al., 2007; 2008; the data of geyserite of the Targejia from Zhao et al., 2006¢)
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Fig.8 Fe-Mn-Al diagram of siliceous breccia of the Dazhuka Formation(a, basemap after Adachi et al., 1986; Zhou et al., 1994a;
Lii et al., 2004; The data of Cs geyserite of the Targejia from Zhao et al., 2007), Cr-Zr diagram (b, basemap after Lii et al., 2004),
Si0,-(K,0+Na,0) diagram (c, Wang, 1981), SiO,-Al,0, diagram (d, Wang, 1981) and Cs content histogram of the Linzizong
volcanic rock and siliceous breccia of the Dazhuka Formation (e, data cited from Hu et al., 2018; Liu, 2020)

1— Siliceous breccia of the Dazhuka Formation; 2—Geyserite of the Targejia; 3—Biological and other non-hydrothermal sediment region; 4—Hy-

drothermal sediment region; 5S—Concentration region of modern metal-bearing hydrothermal sediments; 6—Geyserite region of the Targejia;

7—Biologically-deposited siliceous rocks; 8—Volcano-sedimentary siliceous rocks
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Fig.9 Geothermal Cs prospective areas of Tibet and neighboring regions(after Zheng et al., 1995)

1—Geothermal fields deposited by new geyserite and number; 2—O0Id geyserite region sedimentary area and number; 3—Isoline of Cs/107¢;

4—Cs ore Class | prospective area; 5—Cs ore Class Il prospective area; 6—Boundary of the prospective areas; 7—Location of study area
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