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Geochemical characteristics and petrogenesis of Cenozoic basalts
from Penglai and Lintzu areas, Shandong province
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Geochemical characteristics and petrogenesis of Cenozoic basalts
from Penglai and Lintzu areas, Shandong province
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Abstract

Cenozoic basaltic rocks found in Penglai and Lintzu areas, Shandong province
are composed mainly of basanites and alkali olivine baslts. The basaltic rocks are
usually porphyritic with phenocrysts of olivine and clinopyroxene enclosed in a
matrix composed of clinopyroxene, olivine, plagioclase, opaques and glassy material.
In the alkali basalts sanidine and nepheline may also occur in the matrix. It should
be noted that Penglai basanite contains higher Na, P, Sr, Ba, Zr, Hf, Nb, Ta, Th, U
and REEs than Penglai and Lintzu alkali olivine basalt. The Lintzu alkali olivine
basalt is higher in Mg, Ti, Cr, Ni and V than other types of basalts. Generally



speaking, Shandong basaltic rocks show similar patterns to those of OIB in the
spidergram, however, the penglai basanite peaks at Nb. Penglai basanites and alkali
olivine basalts may be derived from a similar mantle source through different degree
of partial melting. Sr-Nd isotopic data indicate that the mantle source of Cenozoic
basaltic rock in Lintzu area may represent a mixture of DMM and EM1.

Key words: Geochemistry, Cenozoic basaltic rocks, Penglai and Lintzu areas,

Shandong province
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PHRFOKLEEIZHALLROEFGHEFTAMOPARRRE =L
ERwmEr XEpem(Zhiet al, 1995) ; BLEBMEFZ PRAEEZHZ AL
RAEGIEE R A& 4 X0 B R T 28493 2,000km A8 R ¢ K MR A #(Yang
and Yang, 1985)

FHBREAN0)E LB EFEH T LREREBRREHEEHFER -
AmAME TR REBEABRERZHE T HTRLFARGEER -

L RBEMAERKLEZSA ERZAEBREELEAH H(Wu et al, 1985) > X
LESANEZERE  LEEGE KL SEMEAFoH N LRE P -
2HFMENLEE R -3 EHBE M LR LY ZBEXLESE
BEAREY BHRBERY N - BEERERBEXLBEEF SH - SReE
BoOAEPH LRI ENMEIRLE  ABUHEZREEEOMYS
700km’ » K L EMA R ZLBRERZ L AATHH ML LB AL RS G
% 45 R (Dostal et al,, 1991) o

LRREEFKBEG K LB EADHY S 200km’; S K LB L AR
BB A ARz b o4v B T HF 4 F(Wang, 1981; Chen and Peng, 1985; Jin, 1985)
BT LRUEZRAEHOXLERZFRE MR LMY MEBEERE X LE
ZKArZRENH4Mag] 17TMa 2> FRMEZTRZH NN 4Ma~8Ma 2
1(Chen and Peng, 1985) c AX MM LR AL EH A LRE PHHEH
(91LJ01~91LJ07) B % & # K 3. & (91PLO1~91PLOS)(® 1) -

AARZEHANEH LEERRBEEHEZRE2HEKLE EXET
F WMEAE RBELAFRS-NdEAREFLEHTRLEZRALEZILEERAR
BHZEREERRILANILBE I HARERRBRZAFH T wAENT -

=~ SRR

LRERZKEBRAT SiO; 4 F e FIEE M 43.89%~47.63%2 ] »
BEi% 3@ 2 4% SiO A B R A7 43.67%~48.01% 2 M - £ R REE K E Z & 242
BHMAE BT EoWHSENH 056~12.8 2 M » AR AFAES - B
EZRALEBRERBE TR LA BIKHYIFeO ~ P,0s & Na0 > 28 %2 MgO -
Mg & TiOy/ POsthtbfi - RECXEAFRAEFABGER -

LEMEZRLEPHEIAFXREGEAEZC NI~V ScRZnH4EHRE
ho K PRt % & 2 4 5] (Wedepohl, 1985; Zhi et al., 1990)4a4l - E& /B % K &
BERHMEZTREABRHZYNI~Cr~Co Li-VEScEAE(B2RE3) - %
&% A 2 P8 1&8 Ni (156~221ppm) & Cr (200~218ppm)4- & B & Ni~Cr»
CogiEZER M % THAZRRETAE THE LSRR M S R 4HE
LW RSIL-EERE T RE EA 8BS Ni (233-297ppm) & Cr (297-362ppm)
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A Mg ETHRILBEZELRBERGER - ELRBETRE P TV teE(EXR
WE =70 BRME =68)H L b E A Mkt BUE X K & (Frey et al., 1978)48
0 BN ERABEHEZTR L2 TIO2 4 41 » AL E FILE RS
EEABRSOT/VLEGABINZRETEERBRGO VA EIRKR - LAH2 83
¥ ERME VR ScH Mg EX B ERZABRGBEHG - EEBERE
ZREFVAMEZERAMG BATFERBETRLEBREHRVH V- -ScH
BATRABKIFH(EEA LM E) 201t - LRERREKBEZRE T
T/V ZteETred i R 2 TI/VHAE -

LRERBREEHEZREPRALEALESR Mg iz FEA7E 2 RE
3o ME—EMMT  ERNERECHERHBE TR L ARG Hf ~ Th
Zt~Y-Nb-BaRRb ¥ RH£EEZAE MERMEE T LBARBSREIEZ R
£ K 8% 69 K £ B4 0% (Sr, Ba, Zr, Nb, U, Ta, Hf, Th and REE) - f3 T i ¥ b B
ZREFESI S EAMgEEERMGI ReRAEAFREEARTH TR
ARABEILHG  BTRESEERAHABRZRLEPHAEZIHAETZIHER
AN -MERMEZRE T STAMg B E¥MtA TARBEZRAET IS
HNELEINILEMN -

£ 1 B LRWEZRE T Th/La Zr/Nb » Hf/Sm & La/Ce % pb{H #1 /8 44 3,
& B # & % & 2 (OIB)(Sun and McDonough, 1989) %344 2 th ik ; & P 857 # K
WEEZZBmMEEE T LA &S 6 Th/La-Nb/Y tb{d > #1849 Zr/Nb tbfd
BN Zr AERE SR T EAETRESE Nb X > BbEZE X8 ¥ A 8IAH
Zr/Nb tbETTHRGE NI B RERGLZ RN - FFEHREHNEZ R 58
BB T X E A 85 La/Ce ~ Nb/Y 2 tb{E » 8 4& & HE/Sm, Zr/Nb
Ebfl - # R REEEHE X R & P Th/Nb - Hf/Sm 28 45 3.5 4 s 48 3 ° 12 Nb/La
B Nb/Y b8 8B 433 R 69 % > sb— Nb #xda £ 1 £ & Th §Abeyssdt -
#2 Clague and Frey (1983) * Hofmann (1986) » Dostal et al. (1988)% A ¥t £ T k3%
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B 4 %L £ B8 & FO0E 7 K 2 €308 '8 6 (Sun and McDonough, 1989)4%
RILZHHE  BFBRTARZAERLAFZI»HAUEE La 2] Lu +FT
B> 4kX Eu gE¥e9R % MAARPITHREAGTASETBALAEX
FALHEEBRER L AFHREE)RSH K ERHBREFE RBEHE LR
RETLEXBMEBELEAAUYERLIAESE BAL I RTHRE G4
F ey 174 (Dostal et al., 1991) -

B S RE 6 ABSRERME T A2+ Sy¥Sr ¢ '¥NI/'"Nd &
208pb/2%Ph ~ 27Pb/ 2P # 2°Pb/*MPb (KR R AR 8 F A 1985, 1988 2 4%
B) BPBEr 2R EESHERERE IR ERFETRAsAM 22 2



*x1 UREERFEEHBE AR ETTAETE L EHFEHERES
X HE(Sun and McDonough + 1989)7 (L&

£ X Zr/NDb: La/Ce

& R agys g 0.11 1.21 1.60 4.75 0.59 0.64
TR=E

ERBTH 0.13 1.32 2.86 3.68 0.60 0.59
BE @Ry HE 0.11 1.50 1.14 5.42 0.72 0.42
TEE .

Primitive 0.12 1.04 0.16 15.70 0.70 0.39
Mantle

OIB 0.11 1.30 1.66 5.83 0.78 0.46
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NI/ N Bl E A o
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B YEZREEPHET TR R a4 HE
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EBERL HELRVEMNELZERE S RMEEHLERRE S Mg A
NiZCrA4ETRALBELLE B S LHREE ] BAE TR 4% K -Meschede
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B B Z R R A M RS AR Bt % R (Zhi et al., 1990)48 4
UL RE T RLE > THEREBUARRF HBREE XS IR - 28 8
PEFHEERLE L RREAETZINFAEAEND RAKHRE - 2ERE
RESIHEBRMEZTREEAEA—RE  B¥Z LT Ba/la 2 LEGB8E &
10.1) 7 it Z & 2 RAFRCGE KB R HE)(13.4~20.6) 5 B AL THRAER
WEZ R L2 i FBR T A% % Rb K~ Ba # LREE 4-{bxskinfa 74 > sb—
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(La/Yby = 7 (Ybn= 3 THRE HbE T K2 T EALR BT L F3k
Fz kg N FHLRBEZTETES TBAE 8%NEL N TERD
(B 9) Mt E T KE TRAGE — bR BB AR E (K A 15~10%)
AL SEROLE - LR ENREEBERSBERE T XS TREBEKR
(20~30%) Z 3} 45 fk 1 7S AR,

10



Sample/Primitive Mantle Sample/Primitive Mantie

Sample/Primitive Mantle

|
N
Iy
F
r p
¢ /
'/
10 W
e
a | O 91LJ06 :
R Q 91LJ07 u\é_,j
1 1 '’
100 &

-
O
S R M

C 91LJ0o1 e 91LJ04
0 9iLj02 m 91LJOS
& 91LJ03

TN

|
100
g
£
i
l/
10&
F . LY .
C O 91PLOL e 91PLO4
t T 91PLO2 M 9]PLOS
F A 91PLO03 g
|
1 ' 1 ! ! [ L | 1 | { 1 } | | | ] !

RbBaTh K NblLaCe Sr PNd Zr SmEuTi Y YbLu
7 REEREEEHEE XREERD R AT RO A1 E

RECZHFAE  HPFKEHET TR Su ad
McDonough (1989) -

1



Sample/Primitive Mantle

100

L lllllll

Y
o

) i E st iR TR

EEeEETE
& FoeE anes AR T RO

] 1 ! | L ! !

{

1

! ! | I ! | !

Rb Ba Th K Nb La Ce Sr

P Nd Zr Sm Eu Ti Y Yb Lu

B8 [REERRBEHEIRE BEXRS(O0B)RFEEX
HE(MORB)F £ AT RRFIGHEFRENMZISHE - &£
DEEHE - MEXREOBRFEFXLREMORB)ZE
#4538 Sun and McDonough (1989) *

12



(La/Yb),,

(LERE -
& Foe A BT R |
ERE BT HE 5
L e E AR R T RS |

HeO

50

40

30 ~

20

BlO (LSRR HE TR SR (LYo Yo FEE

EFELAERER La/Yon=7 You3ZEHHME ;
AB,C.DIT IR TR & 4 B F EAS T LL B89 28 £
FRMIHB(BETEE2 ) MUKE Chauvel and Jahn
,1984

13



LRBRREZRLEFALEZ AT ELBR(ABEBHLAE) 20T
TREFEAFARE S "N3/Nd A (°Nd/*Nd = 0.512850 ~ 0.512924, i
DR BT, 1985,1988) i TR A M AL Z L EFEHABHFNR L - TH
8RR RE A 5 6 B 3 % B BR 3T #9047 28 44 'H 1F A (mantle metasomatism) A 24 5 Bp
RBREBEAEANBREHFZIARA -

ZELRBNGELHE AN TRERARFTAREFIEHEMLE NN
EMI & DMM —1B3% i, » 2 M ¢ B bR 2 6 5 B T s 44 &5 EMI 2 3#6.% R §5 4R
7 M R Y IR A TR,

L RESHERNNESE T2t BEL2CBEERLE R ERE
ReWE > MEBEEHEZRALATHEALFEN T EEE R L6 KL 2 (o8
WoREEHEFR AR -t LRERBEATRRILTELA
BME AN BREHARLEEIT  BSEBRISWES AR R
BRI EARBRSY —  2RA BT HEROTRE TN REE B2 N
BN EHH A S AKRURE CEHEESHCEFEE 1980 SRAEA > 1980) -
HRER T L PFAMBREREAGEE TRAFNDRE G R B LRS-

b REESHE KL SR EBRIL S GAMME - THRE B EE B A
wzZE REEFUALREMEEAZR IEFANBER THRERLERN
B = X5 (Hsuetal, 20000 — bk » B —4EMmET » LRAMERFTHR LI
T R EH BI&E Si0; ~ K0 ~ NayO ~ ALO; ~Rb~ Sr~Ba~Hf - Nb -~ Th & REE -
BEY MgO-~CaO B Ni~Cr~Co V¥ » BERERRELAHLE TR
&K 54 Zr/Nb ~ Ztr/Hf - Ce/Pb » #4644 Th/Nb ~ Ba/Nb & Ba/La - E& /4§ R %
REZRL T SIO2AERTHRLEZALAMK EENi~Cr-Co~V %
AENBS LEANEZALBRALMEZALEARBKOREELE(AHE
AE)R NayO B KO FHRAT L RBEMIRELAHARZETRRLLHLE
B BTHABREAMZIET/EAEEZLSE  BREAVMEAMIEZREL
BlEE K T H L RCER D EEALRS VS sk PN/ N 2 5
RESBAGENBRE bR AT LES -

@~ ERRAD

AHECHACHARNELIRLEEF T I &R -

LB EEAFRLABAFZIIMBERBE T ERHELE XL REHEMRZTKE
THEBHEBEL - MELRVEMRLZILELHL MEEHEZRELE
BHEOMgE - NIRCrE2ETRALBRLLE R ;LR ER ] BARER
BER BRMEREUHEZZXETARRRANTEH R TAIEZIE
KE -

ZULRHEZRE  THRREARAEBEALETRIBMUAERF HHEZT RS2
R LRRIM(ERAHRBR)EEBN(EEHBE)ZREFRARFEARARTEET



FLENZE  THRA_ETREREAFAG®RIR  ERUEZALEAME
AR REEETERRREZXLE TG —QAMABET TLIbE
B BABREANTBERAHR - LEBNEEHEZZTRE RN E
MR B E M Ththd EMI 2 b % R R 1R 1 0 B R A M R
3ERBRBPZRFAMBEIRREAGEE  THRAEFNFRE & HF IR R S
BARS  Bm#RLRBEMRBETRGRKLERARM AR IEY
—M MAENREREPOZKLE  TREARAY —WRMEEAR -
4LRABEZAEBEPRARELXLEEABREKORTLEEAR HLAER
Na;O-KyO 248 A TLERMEMBRE/ILHBETRBRRAILMBE S|
B TR ABEU IR TR ZAEF > BB R A2 ] TR
ji °

B~ 53U

ST FRE  HAAAR (1980) HHAEBGEREFL  WERE 0 3
B 11-24 7 -

FEZ (1980) HKFEEB - Em > F20%5 0 382134 R -

PRI~ BFk (1985) L ®R#MAR K LS K-Ar F#4f0 Pb-Sr Bl F454L -
WIKILE > £ 43 >6-14 R -

PRE N~ BT (1988) &kexd FAR KL B EPE FEFoSER M A 4FK -
ELRH K28 3128 -

®RE (1979) #H PR ARMBEES T — LRBLEZ FHHREAHER
HEREHER - ERR FE3HK - F28H -

FHE R - £ 48 (1990) AHBUELZEAARTARBMEEHE - Y
Rt £ 212 R o

Basu, A.R., Wang, J., Huang, W., Xie, G. and Tatsumoto (1991) Major element,
REE and Pb, Nd and Sr isotopic geochemistry of Cenozoic volcanic rocks of
Eastern China: implications for their origin from suboceanic-type mantle
reservoirs. Earth Planet. Sci. Letters 105, 149-169.

Chauvel, A.L. and Jahn, B.M. (1984) Nd-Sr isotope and REE geochemistry of
alkali basalts from the massif central, France. Geochim. Cosmochim. Acta, 48,
93-110.

Chen, D. and Peng, Z. (1985) K-Ar age and Pb and Sr isotopic characteristics of
Ceozoic volcanic rocks in Shandong, China. Geochimica, 5, 293-303.

Chung, S.L. (1999) Trace element and isotope characteristics of Cenozoic basalts
around the Tanlu fault with implications for the eastern plate boundary between
North and South China. J. Geol. 107, 301-312.

Chung, S.L. Sun, S.S. and Crawford A.J. (2001) Indian Ocean type convecting

15



mantle underlies East Asia: A consequence of Gondwana break up and
reassembly. West Pacific Earth Sci., 1, 1-18.

Church, S.G. (1985) Genetic interpretation of Lead-isotopic data from the
Columbia River basalt group. Oregon. Washington and Idaho. Bull. Geol. Soc.
Amer., 97, 676-690.

Clague, D.A. and Frey, F.A. (1982) Petrology and trace element geochemistry of
the Honolulu volcanics, Oahu: Implications of the oceanic mantle below Hawaii.
Jour. Petrol., 23, 447-504.

Doe, B.R, Leeman, W.P., Christiansen, R.L., and Hedge, C.E. (1982) Lead and
strontium isotopes and related trace elements as genetic tracers in the upper
Cenozoic rhyolite- basalt association of the Yellowstone Plateau volcanic field.
Jour. Geophys. Res., 87, 4785-806.

Dostal., J., Dupuy, D., Zhai, M. and Zhi, X. (1988) Geochemistry and origin of
Pliocene alkali basaltic lavas from Anhui-Jiangsu, eastern China. Geochem.
Jour., 22, 165-176.

Dostal, J., Zhi, X., Muehlenbaches K., Dupuy, C. amd Zhai, M. (1991)
Geochemistry of Cenozoic alkali basaltic lavas from Shangdong provinces,
eastern China. Geochem. Jour., 25, 1-16.

Frey, F.A. Green, D.H. and Roy, S.D. (1978) Integrated models of basaltic
petrogenesis: a study of quartz tholeiites to olivine melilites from southeastern
Australia utilizing geochemical and experimental petrological data. J. Petrol., 19,
463-513.

Hofmann, A.W. (1986) Nb in Hawaiian magmas: Constraints on source
composition and evolution. Chem. Geology, 57, 17-30.

Hsu, C.N., Chen, J.C. and Ho, K.S. (2000) Geochemistry of Cenozoic volcanic
rocks from Kirin province, NE China. Geoch. J. 34, 33-58.

Jin, L. (1985) K-Ar agaes of Cenozoic volcanic rocks in the middle segment of the
Tancheng-Lujiang Fault Zone and stages of related volcanic activity. Geological
Review, 31, 309-315.

McDonough, W.F., McCulloch, M.T. and Sun, S.S. (1985) Isotopic and
geochemical systematics in Tertiary-Recent basalts from southeastern Australia
and implications for the evolution of the sub-continental lighosphere. Geochim.
Cosmochim. Acta, 49, 2051-2067.

Menzies, M.A. (1990) Effects of small volume melts. Nature, 343, 312-313.

Meschede, M. (1986) A method of discriminating between different types of
Mid-ocean ridge basalts and continental tholeiites with the Nb-Zr-Y diagram.
Chem. Geology, 56, 207-218.

Pearce, J.A. and Norry, M.J. (1979) Petrogenetic implications of Ti, Zr,Y and Nb

16



variation in volcanic rocks. Contrib. Mineral. Petrol., 69, 33-47.

Philpotts, J.A. and Schnetzler, C.C. (1970) Phenocryst-matrix partition coefficients
for K, Rb, Sr and Ba with application to anorthosite and basalt genesis. Geochim.
Cosmochim. Acta, 34, 307-322.

Sun, S.S. and McDonough, W.F. (1989) Chemical and isotopic systematics of
oceanic basalts: implication for mantle composition and processes. In: A.D.
Saunders and M.J. Norry (eds.), “Magmatism in the Ocean Basins”. Geol. Soc.,
Sp. Pub., 42, 313-345.

Tu, K., Flower, M.F.J., Carlson, R.W,, Xie, G.H., Chen, C.Y., and Zhang, M. (1992)
Magmatism in the South China Basin, 1. Isotopic and trace element evidence for
an endogenous Dupal mantle component. Chem. Geol., 97, 47-63.

Wang, H.F. (1981) Astudy of K-Ar isotopic ages of Cenozoic basalts from Linju
area, Shandong Province. Geochimica, 4, 321-328.

Wedepohl, K.H. (1985) Origin of the Tertiary basaltic volcanism in the Hessian
depression. Contrib. Mineral. Petrol., 89, 122-143.

White, WM. (1985) Source of oceanic basalts: Radiogenic isotopic evidence.
Geology, 13, 115-118.

Wu, L., Zhai, M., Zheng, X., Yang, R. and Huang, Z. (1985) Cenozoic volcanic
rocks in eastern China. Acta Petrologica Sinica, 1, 1-23.

Yang, S. and Yang, W. (1985) Geotectonic of China. Geology Publishing House,
Beijing, 310p.

Zhi, X., Chen, D.G. and Yang, J. (1995) Petrogenesis and geochemistry of
Neogene basalts in eastern China. Acta Geol. Sinica 69, 156-168 (in Chinese).
Zhi, X, Song, Y., Frey, FA., Feng, J. and Zhai, M. (1990) Geochemistry of
Hannuoba basalts, Eastern China: Constraints on the origin of continental alkalic

and tholeiitic basalts. Chem. Geology, 88, 1-33.

Zindler, A. and Hart, S.R. (1986) Chemical geodynamics, An. Rev. Earth Planet.

Sci., 14, 493-571.

17



