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BoX LR IHES | THARE | mIRm |
AT 1 2 3 4 5 l
¥ s x s % x s x s
Si0, 45.76 0.61 46.81 | 1.34 51.87 0.24 | 50.69 | 1.85 50.58 0.96
TiO, 1.50 0.39 1.75 | 0.39 1.65 0.14 1.52 ] 0.49 2.51 0.38
Al, 0, 15.55 0.65 14.83 | 0.67 14.14 0.24 1 15.26 | 0.70 12.89 0.70
Cr,0, 0.032 | 0.009 0.034{ 0.006 0.027| 0.017 0.022f 0.012]
Fe,0, 4.91 |0.80 | 4.9411.46 | 2.73| 0.84| 3.39|0.82 | 3.36| 1.43
FeO 5.98 0.61 6.50 | 1.57 6.32 1.41 7.16 | 0.84 8.28 1.18
MnO 0.20 0.08 0.16 | 0.04 0.14 0.00 0.17 | 0.04 0.15 0.02
NiO 0.022 | 0.001 0.033| 0.015 0.022] 0.010 0.031f 0.017
MgO 8.60 |0.50 | 7.80|0.92 | 7.85| 0.24| 6.04|1.62 | 7.50 | 1.16
CaO 7.74 0.75 8.62 ] 0.60 8.52 0.14 8.630.83 8.89 0.64
Na,O 2.99 0.05 3.36 | 0.43 3.31 0.02 3.40 | 0.51 2.80 0.49
K,O0 0.85 0.36 1.06 | 0.13 1.23 0.28 0.811]0.27 1.06 0.16
P,0, 0.63 0.26 0.51{0.20 0.31 0.00 0.25]10.13 0.39 0.06
co, 0.30 |0.19 | 0.570.52 0.17 {0.12 | 0.30| 0.18
H,ot 4.90 0.93 3.0510.72 1.52 0.24 2.12(1.13 1.07 0.32
mE 99.96 100.03 99.59 99.66 99.83
B 6 6 2 6 18
q 0.09 1.16 1.96
or 5.01 6.29 7.24 4.79 6.30
ab 25.28 28.42 28.00 28.73 23.59
an 26.50 22.25 20.11 24.00 19.47
ne
- 3.27 7.18 8.41 7.13 9.23
di Len 2.42 4.06 5.72 4.42 5.90
fs 0.54 2.82 2.02 2.33 2.72
en 10.45 2.22 13.82 10.62 12.77
hy {f, 2.35 1.54 4.86 5.61 5.86
fo 5.99 9.22
fa 1.48 0.71
mt 7.14 7.16 3.96 4.91 4.86
il 2.95 3.33 3.15 2.88 4.76
em 0.05 0.05 0.04 0.03
ap 1.48 1.21 0.74 0.61 0.94
Q 33.7 33.3 38.8 40.7 39.7
%¥* {Ne’ 29.6 36.6 32.4 33.8 29.4
or 36.7 30.1 28.8 25.5 30.9
A >0 >0
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x s x s x $ x s x s x s x s
50.71 { 1.15 |52.78 | 0.78 | 46.96 | 0.31 | 46.44 | 1.75 | 49.23 | 1.15 |50.15 | 1.40 [48.43 | 2.71
2.21|0.38 1.32 ] 0.11 2.08 | 0.26 2.58 | 0.54 1.84 [ 0.30 1.8310.32 | 1.91]0.51
13.53 | 0.66 | 15.53 [ 0.54 | 14.82 {0.26 | 16.41|0.65 | 15.42|0.55 | 15.51 }0.53 (14.23]1.59
0.023{ 0.013 | 0.034| 0.002 { 0.032] 0.005 | 0.019 0.001 | 0.014] 0.006 | 0.028| 0.009 | 0.026] 0.015
3.3211.24 2.87 | 1.15 3.91 | 1.25 2.30 [ 0.26 4,54 (0.47 4.11 1 0.67 | 3.61]1.01
7.87 | 1.08 6.65 | 2.35 6.95 | 1.52 8.29 | 1.14 7.3410.71 6.07 {0.70 {7.13]1.57
0.15 ] 0.02 0.14 | 0.01 0.14 | 0.01 0.16 | 0.01 0.14 | 0.01 0.14 {1 0.02 |0.15|0.05
0.029] 0.015 | 0.023| 0.002 | 0.030| 0.006 | 0.018] 0.001 | 0.023] 0.006 | 0.022] 0.006 | 0.041f 0.013
7.19 | 1.20 6.93 ] 0.39 8.2111.96 5.87 | 0.43 5.23 | 0.74 5.99 | 1.45 |7.40 | 1.94
8.80 | 0.65 9.01 | 0.38 8.04 | 0.76 8.51 | 2.05 8.16 | 0.30 7.99 | 0.69 |8.27|1.01
2.98 [ 0.46 2.70 ] 0.25 3.74 | 0.51 4,20 | 0.89 3.81 | 0.59 3.96 [0.49 | 2.94]0.53
1.02 | 0.19 0.46 | 0.09 1.80 } 0.55 1.56 | 0.14 1.69]0.16 1.7510.54 |1.71|0.80
0.35 | 0.08 0.17 | 0.03 0.57 | 0.12 0.83 {0.16 0.51 | 0.16 0.45 | 0.23 |0.48|0.19
0.27 | 0.16 0.17 | 0.16 0.09 | 0.06 0.25]0.21 0.50 | 0.13 0.16 [ 0.11 |0.32(0.25
1.35 | 0.57 1.07 | 0.68 2.30 { 0.89 2.25 | 0.11 1.52 | 0.13 1.34 1 0.84 |[2.49)0.80
99.80 99.86 99.67 99.69 99,97 99.50 99.14
26 11 5 2 3 22 10
1.61 5.73
6.01 2.73 10.63 9.24 9.96 10.35 10.13
25.22 22.86 25.22 25.22 32.24 33.50 24.85
20.52 28.90 18.36 21.31 20.00 19.39 20.58
3.47 5.60
8.68 6.13 7.45 6.51 7.17 7.22 7.24
5.54 3.94 5.21 3.78 4.40 4.79 4,81
2.59 1.80 1.62 2.41 2.36 1.67 1.90
12.36 13.32 2.24 2.25 8.04
5.75 6.12 1.20 0.75 3.17
10.68 7.59 4,47 5.40 3.91
3.67 5.36 2.63 1.98 1.70
4,82 4,17 5.68 3.33 6.57 5.95 5.23
4.21 2.51 3.95 4,91 3.49 3.48 3.63
0.03 0.05 0.05 0.03 0.00 0.04 0.04
0.84 0.40 1.35 1.95 1.21 1.08 1.14
40.5 44.9 26.9 26.4 36.7 36.9 34.8
30.4 25.8 39.8 44.0 40.8 41.4 32.3
29.1 29.3 33.3 29.6 22.5 21.7 32.9
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WoE e 13 14 15 l 16 IE€2=100) 18
x s x s x s x s x s x s
sio, 46.45 | 2.40 | 47.22 [ 0.50 | 50.08 | 0.40 | 49.18 | 2.09 | 48.20 | 1.80 |52.41 | 1.62
Tio, 2.7310.29 | 2.08|0.26 | 2.17|0.12 | 1.96|0.41 | 2.15(0.33 | 1.64|0.28
ALO, | 11.85]0.69 | 12.68 | 1.17 {15.39 [ 0.25 | 14.61 | 1.01 | 14.03 | 0.83 | 15.04 | 0.63
Cr,0, 0.027] 0.009 | 0.041] 0.001| 0.016 0.029] 0.009| 0.033] 0.015
Fe,0, 3.65 | 0.89 | 2.09 |0.56 | 3.39|0.05 | 3.52|0.85 | 3.59]0.77 | 3.10 | 0.84
FeO 7.91 | 1.17 | 9.46 |0.39 | 6.75|0.20 | 7.37 |1.13 | 7.34|1.01 | 7.76 | 0.76
MnO 0.17 | 0.03 | 0.15[0.02 | 0.11]0.02 | 0.15]0.02 | 0.15]|0.03 | 0.12]0.05
NiO 0.037{ 0.016| 0.045| 0.002| 0.018 0.029] 0.010| 0.032] 0.002
MgO 9.39 [ 1.34 | 9.89|1.53 | 5.94|0.27 | 6.98{0.99 | 7.63|1.36 | 6.72 | 0.84
Ca0 9.36 | 0.58 | 9.19|1.12 | 6.99|0.51 | 8.05|0.93 | 8.52|0.77 | 8.41|0.49
Na,0 3.14 | 0.55 | 3.40|0.48 | 3.60 |0.13 | 3.54]0.39 | 3.51|0.48 | 2.94|0.21
K,0O 1.59 {0.26 | 2.06 |0.39 | 2.57]0.07 | 1.52|0.32 | 1.73]|0.20 | 0.65]0.21
PO, 0.65 [0.24 | 0.61]0.18 | 0.61]0.02 | 0.53[0.17 | 0.55]0.20 | 0.17 | 0.06
co, | 0.42{0.33 | 0.25]0.17 | 0.20 0.28 [0.21 | 0.18|0.12
H,0+ 1.9210.55 | 0.7440.37 | 1.50|0.29 | 2.49]0.78 | 1.8110.66 | 0.81|0.70
B | 99.29 99.91 99.33 99.90 99.55 l 100.02
B H l 20 7 3 11 83 X 16
q \ i .26
or 9.41 12.20 15.20 8.96 10.24 | 3.84
ab | 22.86 16.62 30.46 L 29.94 28.44 24.85
an 13.45 13.27 18.25 i 19.50 17.41 | 25.93
- Y2 6.55 0.66
wo 11.96 11.85 5.20 7.13 8.87 6.13
di den 8.34 7.39 3.40 4.61 5.93 3.73
fs 2.63 3.73 1.44 2.03 2.27 2.06
en 3.93 4.80 13.00
lty{
fs 1.65 2.12 7.16
fo 10.54 12.07 5.23 5.59 9.15
ja 3.65 6.76 2.41 2.71 3.84
me 5.30 3.03 4.91 5.09 5.21 4.49
il 5.18 3.95 4.13 3.72 4.10 3.12
em 0.04 0.06 0.03 0.04 0.05
ap 1.55 1.45 1.45 1.24 1.31 0.40
o 26.8 18.1 37.9 34.6 30.9 43.0
%7 Ne’ 36.9 37.0 33.6 35.9 38.2 27.3
or 36.3 44.9 28. 29.5 30.9 29.7
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19 20 21(EHED 22 23 , 24(SEH1E) 25
x s X s x s x s x s x s x s
50.04 ) 1.21 | 52.10 | 1.40 | 51.00 | 1.25 | 50.53 | 2.00 | 49.98 | 0.90 | 50.32 | 1.61 | 42.87 | 0.91
1.63 ] 0.31 1.66 | 0.22 1.64 | 0.26 2.05(0.41 2.14 | 0.32 2.09 ] 0.36 2.00}0.14
15.60 | 0.84 | 14.7310.77 [15.19 | 0.78 | 14.63 | 1.26 | 14.07 | 0.45 | 14.42 ] 1.00 | 14.63 | 0.78
0.025 0.029 0.009| 0.027{ 0.008] 0.024| 0.002] 0.031 0.026{ 0.002
3.42 | 0.42 2.83]1.22 3.1510.85 3.56 1 0.58 3.32]0.56 3.47 1 0.55 4.74 | 4.06
7.70 1 0.43 7.99 1 1.30 7.83 (0.9 7.69 | 1.13 8.03 ] 0.52 7.82]0.91 7.90 | 3.52
0.12 { 0.04 0.14 | 0.03 0.13 | 0.03 0.13{0.05 0.18 | 0.12 0.15{ 0.08 0.15 ] 0.01
0.032 0.027| 0.003| 0.030] 0.003| 0.024] 0.011| 0.023 0.024] 0.010
6.74 1 0.76 6.96 | 0.72 6.84 | 0.72 7.03 | 1.42 7.61} 1.33 7.2511.33 8.28 | 0.49
8.4110.26 8.51(0.28 8.46 | 0.26 8.28 | 0.88 9.28 | 0.44 8.67 | 0.72 8.25 | 0.35
3.04]0.18 3.2110.18 3.12{ 0.17 3.510.47 3.2310.12 3.40 | 0.37 4.84 1 0.58
0.86 { 0.24 0.96 | 0.30 0.91}10.26 1.52 1 0.27 1.59 | 0.16 1.5510.23 1.03 ] 0.30
0.30 | 0.04 0.24|0.13 0.27 | 0.09 0.37 | 0.09 0.37 1 0.06 0.37 [ 0.08 1.34]0.23
0.10 0.3110.37 0.20 | 0.34 0.10 { 0.04 0.16 0.12 | 0.04 0.11 | 0.09
1.5110.87 0.44 | 0.24 1.01 | 0.64 0.32]0.30 0.26 {1 0.11 0.30 | 0.24 3.42 1 0.53
99.53 100.14 99.81 99.77 100.27 99.98 99.56
8 7 15 8 5 13 4
0.73 1.17 0.70
5.06 5.68 5.40 8.96 9.41 9.18 6.07
25.69 27.16 26.38 29.68 27.31 28.73 20.82
26.40 22.95 24.76 19.69 19.19 19.51 15.16
10.90
5.60 7.40 6.46 7.94 10.21 8.79 7.16
3.45 4.46 3.88 5.08 6.53 5.63 4.82
1.83 2.55 2.23 2.31 3.02 2.60 1.80
13.33 12.87 13.14 6.45 3.07 5.12
7.05 7.33 7.58 2.97 1.43 2.36
4.19 6.55 5.12 11.08
2.10 3.35 2.61 4.56
4.95 4.00 3.70 5.16 4.81 4.95 6.87
3.10 3.16 3.12 3.90 4.07 3.96 3.79
0.04 0.04 0.04 0.04 0.05 0.04 0.03
0.71 0.57 0.64 0.87 0.87 0.87 3.17
38.7 39.4 38.6 35.7 33.0 34.7 20.1
29.7 30.3 29.9 35.4 35.5 35.4 46.8
31.6 30.3 31.5 28.9 31.5 29.9 33.1
>0 >0 >0
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x2 REFRHABBEEZRENHBMEZRENTERS

‘ B E X & 2 B R OK X & £
AEHHE: ST RRE A 565, AN IS RS
FURA| BEUEAGEI)DERECEDNTINE: | RS RS EMELGRNSERE, &5 154!
fo:EﬁE% Angays (B(fu&)\ Angs_zo (m(ﬁ) 5‘:‘}{(6‘@%5} Angg_q2 (iﬁfxﬁ)
SRENRETMER(.2-5.7%); SROHIRRET M. 1—2.09%);
oo | RS an/or WATBETE(. 4—10.6%); PRI an/or PRTEER(2.8 —5.09%);
R 2epq 2 g A7, 18, BT SIO, IARIK | 76P4 2 EA9IRYA 3. 4. 5, 19, 20, KT SiO, 4af
4 Ab-Hy Fifu

B Rl hpt 20U M R e 2 A R A EAKER AR 1 BAI18 FeO*/
MgO {5 F 1.12—1.58 2 [H], FeO* 5 T 8.78—11.30 2 [d] (FeO* = FeO + 0.9F¢,0,), |
R B RRRREY  XEHEFRRES S EEAGER FRARERER), Rafs
FALBUASHEIERERY, D) BN ERS (B3 21,2, 3) SRR RZRA
HACE 3 26), RRITF AR M Z R E (R 3 2 7) ;BT Na, K BUFEL Y 4.7—7.6, 55
KEGHIBE 2 ET (—%08 3—6™) IR -8B BFHIR FPRERBEZRS (KF 10), Kit,
TIIEA FRA KRRV Z R A, (8 CO M MgO 851, 3) EF W R EK S
LB REGBER LRSI Z R (R 3 Z 4.5 T80, ZB&a8EH
YA G B AR IE T Z MBI A1, B T F RO A R ER . WL A SR HBIK , 4%
FEERM B, HERN B2 a8 REH 2 — 18K,
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%3 RERELBEMZRENBUERSZRETIRS RERHBZTREMLE

BT LR RIS MEGCRIBE SBE | WCPE | BIBE KRGHLSECAPE B SEE MR SR e R
ZHE | ZRE ZREL| 2RE | ZRE | ZHE | 2RE | xKE | 2RE | 2RE
HoOR NG| Na (Na | N N EN,Q| N
3 3
D TEE |[TEES 5 FEERGEES 3
W R LEe [SEOW  pmum  (FEEMEEOBGanm
[l = 1 |z | 3 4 5 6 7 8 9 10
$io, 52.56 |50.81 |51.50 |52.11 |52.63 | 50.7 | 49.3 |48.24 |47.99 |47.1
Tio, 151 | 2000 | 181 | 184 | 174 | 2.0 | 1.8 | 210 | 2241 | 2.7
ALO, 15.24 | 14.14 | 14.58 |14.56 |14.31 | 14.4 | 15.2 |14.21 |13.95 |15.3
Cr:0, 0.033 | 0.025 | 0.028 0.029
Fe,0, 300 | 3.26 | 3.16 | 2.58 | 2043 | 3.2 | 2.4 | 3.73 | 3.41 | 4.3
FeO 751 | 785 | 7.64 | 8.25 | 7.87 | 9.8 | 8.0 | 7.26 | 8.48 | 8.3
MnO 0.13 | 0.15 | 0.14 | 019 | 0.13 | 0.2 | 0.17] 0.15 | 0.14 | 0.17
NiO 0.028 | 0.020| 0.029 0.028
MgO 6.81 | 7.06 | 6.9 | 6.36 | 6.3¢ | 6.2 | 83 | 7.61 | 7.46 | 7.0
Ca0 8.65 | 8.68 | 8.67 | 8.83 | 8.50 | 9.4 | 10.8 | 8.47 | 9.13 | 9.0
Na,0 2.84 | 3.03 | 2,96 | 2.61 | 2.86 | 2.6 | 2.6 | 3.46 | 3.26 | 3.4
K,0 057 | 0.98 | 0.82 | 0.70 | 0.50 | 1.0 | o0.24| 1.62 | 1.37 | 1.2
P.0, 0.17 | 0.32 | 0.26 | 0.14 | 0.59 0.21| 0.53 | 0.64 | 0.41
co, 0.18 | 0.24 | 0.22 0.28
H,O* 0.92 | 1.22 | 110 | 073 | 1.37 1.9 | 1.12
H,0- 1.36 | 0.74 0.91
& 99.96 | 99.80 | 99.88 | 100.26 | 100.01 | 99.5 | 99.0 | 99.62 | 100.27 | 98.9
B 27 41 68 5 144 | 166 | 108 199
a4 | AXELAEIEL] Bt AXE Hyn-
. AXHE 1 23,45, o | U - T [Hsu .
HEXE 2 3. 4. 5138 19 e, Hyndmant*1:1972 1.2 8- dmant®?,
Z 71815 19 20 o 1957 | 1961 18 32,23 1961 | 1972

B R Z AR A TR =20 (N,5R 12 8 E 16) S5MHEKY (O,
Qi #1222, 23) IBRE=4 (B, £121.2), AT REHESH; HERDHITT
S m 2 RE IR, AL A BRAR LI E . TE ST HNESF. K
FHE.\BL—EBR. TELRMER, URBERRRS LIS, FEREZEMA TR
4 (R1225),RBBEEATE=ZERY. EENHEMHRWHINE, WXHEELE LD
R#L&E . ERE—, IRMZRERTHEZRES, BIILAE. EHARE, &
B 11 SO, WA L HE A, #ALT Hyndman HFIHMELZ Lo ZEHNERRXFIN
iz 4 A 2,

RERELEREMNZREMBERE, EX EEMRATINEEZRED, wE
3, BB =L LR RERE RIS (E 3 B8 12, 14, 15), U R R BB S =40t
AL BY B a B, HIVE &S, SEATHERS], NNEXEEAH
BRAES PRI TRERAMSRERE

1) A% 29 WHE,
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®4 RERELAEHEBNZRENBXENERKS

WO O OB xR & = E3 =
EHMA, Fo=85.4 - 59.29%(B); WA, Fo=280%(HR);
& A5EIER,CaiMg: ZFe = 44.3:42.2:13.5 &% A,Ca:Mg: ZFe = 46.5:41.2:12.3
y (18 474 G AF8);
BR LR Ang—p (BEER), Ang-es (FEFD: EBRABELTHER,GERS Anssea (BERDS
2 AEBA; SEENRERA A B ZBHESERAS
SrEEtE KA. A B ZEEIRE S
| SBRSCHREFIBA(<I%):; EREETIBAE—E>7%);
; 7£E 2 R A 8 E 16,22,23, 1T Si0, Rigf A 2 R A 25, AT Sio, KRR
45 XFETAREME OI'-Ab-O X

H ok B i

EHRER, FEHMRLTIEE UGS RED, RERBRI ZRABEEZRE
SN BRFENR X R A, REFERZ RSN RIRFNEN HZRER RS L, RA]
FE ERWAL I R EERUME XN E N NEZREARNELSERX
EXNEZREZMFE—ENEE, MAEBREEDNET, BEZLCN PR 2R
HEAATBEBMZRE, KR =N R R R 2 UE T hr 38 22 5Ua B 9 iR i
MzZRE, FHELSNHREE DR XA 2 RS B AR Z AR E
ZE; XEANNPNZRES BT EAEREEN =Y. REFMFERTH=ZAT
H:
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COMPOSITION AND EVOLUTION OF CENOZOIC BASALTIC
ROCKS IN SOUTHEASTERN COASTAL
PROVINCES OF CHINA

Zhou Xinmin Chen Tuhua
(Department of Geology, Nanjing University)

Abstract

Cenozoic basalts are widely scattered in a zone lying about 350 km. in width which
is near the coast line in Southeastern Provinces of China. They may be divided into
the early Tertiary, the late Tertiary, and the Quaternary basalts respectively. Among
the three cycles of basalts eruptions, the late Tertiary one is the most widespread. It is
now known that in a given region only one eycle of basalts occurs generally, but in rare
cases two cyelic basalts may be found together. In each eyecle, the ‘‘alkalinity’’ of basalts
tends to increase progressively. For example, the earlier members of the early Tertiary
period are olivine basalts, gave place to alkali (livine basalts in the later stage; similarly,
the basalts of the late Tertiary and the Quarternary periods vary from tholeiite and
clivine tholeiite to alkali olivine basalt and basanite. On the whole, they form a mixed
but predominantly alkaline basaltic province.

Based upon the mineralogical and petrochemical characteristics, the tholeiite is re-
ferred to the continental type and to the pigeonite series, in which the ferro basalt and
pyroxene anorthosite are enclosed as inclusions. The ferro basalt is considered to be the
end produet of magmatic differentiation, while the pyroxene anorthosite might origi-
nate from earlier crystal accumulation in the magma reservoir. Most of the alkali olivine
basalts belong to the soda-series, but some lesser members occurring in late stages tend
to be enriched in potash. The alkali olivine basalts often display a series of regular
changes in petrochemieal and mineralogical properties due to fractional crystallization
and contamination. Besides, tholeiite basalts occur only close to the seacoast, whereas
in the inland areas, only alkali basalts are found. It is thus postulated that the succes-
sively increased depths of the magma chambers, as well as the depth of fracture zones
might be due to the plate movement. As to the sequence of eruption, the tholeiitic
basalts appear to erupt prior to the alkaline ones.
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