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Chronology and Geochemical Characteristics of the Diabase
in Xinlu Basin of Western Zhejiang and Their Significance
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Abstract: The laser microprobe “°Ar-**Ar dating and detailed study of petrogeochemical characteristics of the
diabase developed in Xinlu volcanic basin of western Zhejiang were carried out. The results indicate that the
diabase was formed in Late Cretaceous with an age of (93+3) Ma. The diabase contains two kinds of pyroxenes
(clinopyroxene and orthopyroxene), the plagioclase is labradorite, and the content of SiO, is between 44.00% and
50.09%, characterized by rich alkali, (5.15% on average), high K (K,0/Na,O 1.08), and low Ti (TiO, 1.15%).
Its petrological and geochemical characteristics show typical shoshonite. The shoshonite is enriched in LREE,
LILE and incompatible elements, without Eu depletion, (¢’Sr/®®Sr); and (***Nd/***Nd); are in the ranges of 0.70707
to 0.70870 and 0.512338 to 0.512407 respectively, A7/4Pb=6.0~9.2, A8/4Pb=48.5~68.0, and ASr=70.73~87.04,
showing relatively enriched mantle signatures. It is concluded that the shoshonite in Xinlu basin is the product of
lithospheric thinning combined with hotspot activity in the post-collision period of the orogenic zone. The age of
shoshonite fundamentally restricts the time limit of the large-scale lithospheric thinning in Xinlu area, and
suggests that dynamic processes of lithospheric thinning was affected by hotspot and the sources of crust-mantle
interaction migtht have played an important role in controlling volcanics-type uranium mineralization.
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Table 1 Laser microprobe “°Ar/*Ar dating results of the diabase in Xinlu volcanic basin

RuniD Ma /i'\j;’ 40/’?/5 * /(lespr;\roles) “OAr +Ar BAr +%Ar ®Ar +3Ar Ar +3Ar ®Ar +% Ar
01 83.2 34 20.6 4.40 2.394 0.014 0.04697 0.00043  0.002008  0.000037  0.22892 0.00149  0.006494  0.000032
02 89.6 2.6 20.1 3.58 2.598 0.006 0.04603 0.00021  0.002143  0.000026  0.21836 0.00128  0.007086  0.000030
03 86.9 2.4 24.8 4.01 1.895 0.006 0.04275 0.00020  0.001594  0.000022  0.18778 0.00091  0.004877  0.000026
04 84.1 3.0 19.0 3.37 2.001 0.006 0.03592 0.00020 0.001672  0.000025 0.25716 0.00123 0.005555  0.000028
05 83.5 2.8 17.8 3.04 1.920 0.003 0.03241 0.00010 0.001582  0.000028 0.14382 0.00086 0.005379  0.000027
06 91.4 2.5 27.1 3.58 1.628 0.004 0.03824 0.00016  0.001403  0.000025  0.37416 0.00233  0.004122  0.000026
07 84.4 3.0 22.8 2.26 1.125 0.002 0.02408 0.00008  0.000903  0.000023  0.10745 0.00062  0.002968  0.000025
08 86.4 6.1 115 1.12 1.128 0.003 0.01196 0.00006  0.000819  0.000037  0.15167 0.00096  0.003420  0.000026
09 105.6 5.1 17.0 1.90 1.599 0.008 0.02025 0.00012  0.001158  0.000063  0.10090 0.00077  0.004520  0.000027
10 90.1 2.1 29.0 3.49 1.695 0.003 0.04310 0.00013 0.001460  0.000023 0.20559 0.00100 0.004131  0.000027
11 83.4 3.3 17.8 2.17 1.376 0.002 0.02320 0.00008 0.001074  0.000028 0.09956 0.00060 0.003856  0.000027
12 85.1 6.2 13.1 1.04 0.905 0.002 0.01112 0.00005  0.000668 0.000037  0.18071 0.00110  0.002713  0.000026
13 89.1 2.3 25.4 4.74 2.243 0.007 0.05063 0.00022  0.002003  0.000029  0.24359 0.00148  0.005727  0.000028
14 75.8 4.4 11.7 1.85 1.618 0.005 0.01979 0.00008  0.001106  0.000056  0.09517 0.00051  0.004860  0.000027
15 91.4 2.6 25.7 3.37 1.614 0.005 0.03593 0.00017  0.001376  0.000023  0.16607 0.00075  0.004101  0.000026
16 88.8 2.1 25.2 5.10 2.429 0.005 0.05446 0.00018 0.002057  0.000032 0.27098 0.00138 0.006228  0.000028
17 815 3.1 19.6 3.36 1.877 0.008 0.03580 0.00020 0.001579  0.000023 0.13072 0.00085 0.005141  0.000028
18 79.3 4.6 13.7 1.56 1.217 0.004 0.01668 0.00008  0.000966 0.000045  0.08066 0.00049  0.003575  0.000025
19 90.6 2.3 29.8 3.73 1.529 0.004 0.03977 0.00019  0.001310 0.000026  0.18240 0.00118  0.003681  0.000026
20 91.0 35 19.6 2.07 1.300 0.004 0.02213 0.00010  0.001057  0.000024  0.11286 0.00061  0.003569  0.000025
21 86.5 2.1 35.7 3.95 1.292 0.004 0.04216 0.00019  0.001203  0.000026  0.16161 0.00109  0.002856  0.000026
22 89.4 2.7 21.3 3.48 1.973 0.005 0.03715 0.00016 0.001605  0.000025 0.18107 0.00081 0.005307  0.000028

J =+ 37 Decay 39 Decay Irr Ca 39/37 =+Ca 39/37 Irr Ca 38/37 +Ca38/37
0.00448 5.48>=<10° 17.7 1.001029 0.0006633 0.0003535 0.00014 0
Irr Ca 36/37 +Ca 36/37 Irr K 38/39 +K 38/39 Irr K 40/39 +K 40/39 P36CI/38Cl #+P36Cl/38ClI

0.0002775 0.0000253 0.01077 0 0.0039448 0.0015421 320 0
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Table 2 Electron microprobe analyses of pyroxene from the diabase(wt%b)

DQW-11 DQW-41
1 2 3 4 5 6 7 8 9 10
SiO, 52.560 61.46 52.38 52.67 54.79 60.8 62.72 59.68 52.06 51.95
TiO, 0.650 0.04 0.59 0.66 0.2 0.01 0.01 0.87 0.86
Al,O3 3.130 0.09 3.41 3.05 0.18 0.57 0.49 0.37 3.88 3.61
FeO 8.210 16.76 7.06 7.88 8.5 8.85 8.39 15.62 7.7 8.04
MnO 0.210 0.23 0.3 0.24 0.04 0.04 0.19 0.21
MgO 16.090 21.28 17.06 16.23 16.1 26.25 26.47 215 16.19 16.46
CaOo 18.160 0.05 17.72 17.84 18.81 0.19 0.14 0.09 18.15 17.78
Na,O 0.260 0.32 0.28 0.31 0.05 0.01 0.02 0.34 0.32
K,0 0.010 0.02 0.01 0.01 0.02 0.03
99.28 99.7 98.78 98.91 99.14 96.78 98.3 97.28 99.38 99.23
Wo 38.13 0.12 37.11 37.67 38.67 0.43 0.32 0.21 38.23 37.26
En 47.01 68.26 49.71 47.69 46.05 82.94 83.92 69.91 47.45 47.99
Fs 13.87 31.62 11.96 13.57 14.12 16.42 15.72 29.79 13.02 13.53
Ac 0.99 1.21 1.07 1.15 0.21 0.04 0.08 1.30 1.21
Mg* 78 68 81 78 77 84 84 70 79 78
4 : Mg¥ 100=<Mg(Mg Fe®)
£3 BEEPRKENE TR SR W%)
Table 3 Electron microprobe analyses of plagioclase from the diabase(wt%bo)
Si0, TiO, AlLO; FeO MnO MgO CaO Na,O K,O An Ab Or
DQW-11 1 5426 0.06 2829 085 0.00 0.14 10.80 412 0.65 99.17 56.8 39.2 41 PI
2 51.67 0.09 2942 081 0.02 0.14 12.04 3.50 0.46 98.15 63.6 335 29 Pl
3 50.75 0.06 30.82 0.57 0.00 0.10 13.16 2.86 0.29 98.61 70.5 21.7 1.9 Pl
bQW-41 4 50.61 0.07 2994 0.71 0.01 0.13 12.62 3.22 0.38 97.69 66.8 30.8 24 Pl
x4 IFEHFEDRACH B RINE R F IR 948 R (Wt%)
Table 4 Chemical composition of potassium ring of plagioclase from the diabase(wt%o)
Si0, TiO, AlLO; FeO MnO MgO CaO NaO K0 An Ab Or
DOW-11 61.37 0.04 2469 013 000 000 566 737 0.75 100.01 2846 67.05 4.49
65.62 0.16 18.72 035 0.02 0.01 0.64 320 11.38 100.10 3.20 2898 67.98
DQW-42 , )
Na,O-K,0 ( 5b) ,
DQW-42 SiO, ( 44%), Na,O
(2.84%) K,0(1.00%), K,0/Na,O 4.2
0.35, , )
, (155.00~206.00)x10° , 160.69%10°°;
, LREE , XLREE
(140.8~185.63)x10°°, 143.73x10°, HREE
, , 2HREE (13.87~20.37)><10'6,

16.96x10°; TLREE/ZHREE
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Table 5 Contens of Major/% and trace elements/10° elements of the diabase in Xinlu basin
Si0, TiO, AlLO; Fe0; FeO  MnO MgO CaO Na,O KO P,0s LOI Total Mg*
DQW-12 4528 126 13.73 508 5.65 0.19 6.20 7.39 2.44 2.70 0.44 9.04 9940 66.16
DQW-41 50.09 133 1572 435 5.50 0.11 5.86 6.61 2.22 2.61 0.55 493  99.88 65.50
DQW-42 4400 084 1383 456 4.60 0.16 856 1143 284 1.00 0.29 746 9957 76.83
DQW-43 4676 115 16.89 4.23 5.25 0.15 5.13 7.31 2.80 2.67 0.33 6.92 99.59 63.52
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y
DQW-12 398 774 982 395 725 215 619 0903 520 101 285 0391 251 0407 271
DQW-41 430 818 104 407 746 227 663 0884 516 1.06 298 0404 283 0423 27.1
DQW-42 354 619 745 292 529 164 481 0.603 365 0689 201 0283 179 0.287 19.1
DQW-43 148 294 426 186 383 155 379 0577 364 0795 219 0332 220 0350 19.2
Sr Rb Ba Ta Nb Zr Hf U Th IREE LREE HREE L/H Law/Yby GEuU
DQW-12 377 108 498 0.858 167 360 918 140 423 19538 17592 1946 9.04 10.72 0.96
DQW-41 468 754 683 0905 180 393 102 177 491 206.00 185.63 20.37 9.11 1027 097
DQW-42 470 234 831 0246 431 156 456 322 118 155.00 140.88 14.12 998 1336 0.98
DQW-43 274 853 488 0455 644 138 450 136 208 86.36 7249 1387 522 455 122
Mg* 100><Mg/(Mg Fe*"), L/H LREE/HREE
S
)
i
+
c,
o
Z
35 40 50 S5 60 65 70 75 80 0 2 4 6 8
Si0,/% Na,0/%
5 HEZHIESRE (Na,0+K,0)-SiOy(TAS)(a)5 Na,0-K,0(b) &l fi#
Fig. 5 Diagram of (Na,O K;0)- SiO,(TAS)(a) and Na,O-K,O(b) for the diabase in Xinlu basin
Pc- ; B- ; 01- ; 02- ; 03- i R- ; S1- ; S2- ;
S3- ; T- ; F- ; Ul- ; U2- ; U3- ; Ph-
Ir-Irvine , ,

Pc-picrite basalt; B-basalt; 01-basaltic andesite; 02-andesite; 03-dacite; R-rhyolite; S1-trachy basalt; S2-basaltic trachy andesite;
S3-trachy andesite; T-trachyte, trachy dacite; F-felspathoidite; Ul-tephrite, basanite; U2-phonolite tephrite; U3-tephritic phonolite;
Ph-phonolite; Ir-Irvine boundary, upper for alkaline, lower for subalkaside
5.22~9.98, 8.34; Lan/Yby 4.55~13.36 Gd Lu (Rollison,

, 1993) ,
, SEu 0.96~1.22,
1.03, Eu ,
6)1 il
LalemN 2.40~4.21,
3.43; Gdn/Yby 1.40~2.18 , 1.87,
: , (OIB)
( ) , LREE,  SEu



146

Si0, > LREE ,
Si0, SEu (¢ 7
La/Sm-La ( 8),
(D)  BEu
( ),
K Rb Sr Ba
Th ( 9,
(MORB ), (OIB)
K Ti , Ta Nb
; Zr
Hf Sm , Ce ,Ti Y YD
1000 ¢
E ——DQW-12
: —A— DQW-41
L —8—DQW-42
—h— DOQW-43
E[‘ 100 g
= C
:2; -
g o
2
0 E
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Bl 6 MEERAEKNMARELSHEXE
(BKAL PR A R L EHE4E Taylor et al., 1985)
Fig. 6 Chondrite-normalized REE patterns of the diabase
in Xinlu basin(Chondrite normalized values
after Taylor et al., 1985)

0.8 |

8Eu

0.4

02F

35 10 P 50 55
Si0./%
7 IEHRE SiO,-8Eu EfE
Fig. 7 SiO,-8Eu diagram of the diabase

P
P
P )
Ce/Yb-Ta/Yb ( 10),
43 Sr Nd Pb
6 Rb-Sr Sm-Nd Pb
*
i .
*
a
ER *
-l
0 IIU 2.0 3ll) t;ﬁ 50
La/10*
B8 HELRE La-La/Sm ElfiE
Fig. 8 La-La/Sm diagram of the diabase
10000 E
—A— DOW-12
—h— DOW-41
10 g
—8— DOW-42
—8— DOW-43
fss IR TTTVIN =3
2 -
s
gl 1

Sr K Rb Ba Th

Ta Nb Ce P Zr Hf Sm Ti Y Yb

9 BRAMETERELKMNE
(N-MORB #r#E L £1#E# Sun et al., 1989)
Fig. 9 Normalized spider diagram for the diabase
(N-MORB normalized values after Sun et al., 1989)




147

100
TR 2L Dupal
, ASr 50 Dupal
(Zindler et al., 1986;
. Hart, 1988; , 1997) ASr
‘:a 10 f 70.73~87.04(  6), 50
(**Nd/*“Nd); 0.512338~0.512407,
0.512395; ,
Nd :
10.01 0.10 1.00 10.00 (DM)
Ta/Yb (**Nd/***Nd=0.5131~0.5133) 1 (HIMU)
10 Ta/Yb-Ce/Yb EIfR(#E Milller et al., 1995) ( 0.5128), (EMI+EMII)
Fig. 10 Diagram of Ta/Yb-Ce/Yb for the diabase (**Nd/***Nd 0.5124~0.5110)
(after Maller et al., 1995) (EMI+EMIN) Nd
(93 Ma) Isr ASr  (***Nd/**Nd); eng(t) ena(t)
(Isr) 0.70707~  -1.6 ~ -3.5, 2.4
0.70870 , 0.70765 ena(t)  (+10£1.5) ,
Isr  1/Sr (1.32x107°~
( . 3.22x10%9), , Pb
2005) (®"Sr/®sr)-1/5r Pb
( ) Pb :
, ,  2%%pp/2%4pp=38.330~38.740, 38.535,
207pp/204pph=15.543~15.594, 15.569,
Zindler  (1986) , (DM) 205pp/204ph=18.377~18.555, 18.466,
87Sr/%8sr 0.7020~0.7024 , (EMII) Pb , Pb
87Sr/%8Sr 0.710, (EMI) , (DM)  2%8pp/?pp
87Sr/%sr 0.7045~0.7060 37.2~37.4, 2"Pb/***Pb 15.4, 2°°Pp/***ph
Isr (DvM) n 17.2~17.7(Zindler et al., 1986; Rollison,
(HIMU)(®'Sr/%%sr - 0.7026~0.7030) . 1993) , Pb ,
(EMII) (EMI) 208ppy 204pp  206pp/204pp
K6 IFBIEMITEFESE Rb-Srv Sm-Nd #1 Pb R E LR
Table 6 Rb-Sr, Sm-Nd and Pb isotope compositions of the diabase in Xinlu basin
Rb/10°® Sr/10°® 8"Rb/*sr 87gr/%sr Sm/10°® Nd/10°®  *7Sm/*Nd Nd/Nd
DQW-12 107 412 0.7504 0.709696 5.48 38.0 0.0873 0.512391
DQW-42 22 486 0.1309 0.707332 3.78 26.5 0.0862 0.512490
DQW-43 89.6 305 0.8495 0.708196 3.00 17.8 0.1015 0.512470
208ph2%Ph  27Ph/2*Ph  2%Ph/P*Ph  A7/4Pb  A8/4Pb /Ma Isr ASr (CBNAMNd) ena(t)
DQW-12 93 0.70870 87.04 0.512338 -35
DQW-42 38.740 15.594 18.555 9.2 68.0 93 0.70716  71.59 0.512439 -1.6
DQW-43 38.330 15.543 18.377 6.0 48.5 93 0.70707 70.73 0.512407 -2.2
ISOPROBE-T 20

ASr=[(¥"Sr/®Sr)
-15.627]%100

—0.7]x10*% A7/4Pb=[(*"Pb/**Pb)  -0.1084x(**Pb/**Pb)  —13.491]x100; A8/4Pb=[(**Pb/**Pb)  —1.209x(**Pb/***Pb)
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208ppy204pp_206py 204ppy ( 13a)
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Pb Sr Nd ,
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, 2006; , 2006),
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: OIB
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41
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TiO, ,
TiO,-K,0-P,05 ( 14&) ,
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( 14b)
ZrlY-Zr ( 15a) TiO,-Y/Nb (
15h), (MORB)
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