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Abstract Scientific Drilling has become a ciitical tool to provide data essential to understand the structure, composition,
mechanical behavior and phy:ical state of the deeper curst. Petrophysical studies are necessary for the calibration of borehole logging
results and for the interpretation of surface geophysical investigations. Such studies, in combination with petrological investigations, are
also required for the understanding of chemical alteration and metamorphism. Correlation investigation and cluster analysis are
preformed on petrophysical properties of ultra-high pressure rocks from 100 ~ 3100m of CCSD main hole, and the conclusions are given
as following; (1) the strong correlations among seismic wave, density and thermal conductivity are controlled by the mineral
assemblage and proportion in the rocks; (2) electrical resistivity and susceptibility are controlled by the metal oxide in the rocks and
associated with the lithology of the rocks, but the porosity and permeability have no correlation with lithology; (3) the lithology of the
rocks can be classified according to their petrophysical properties. Eclogite and gneiss can be distinguished according to the seismic
velocity, density and thermal conductivity, but the ultra-mafic tocks, prargneiss and orthgneiss can be well recognized if the
susceptibility and resistivity are added to the analysis parameters. These conclusions are of great important to the parameter selection in
geophysical interpretation and also have the great significance on establishing the geophysical interpretation standards for crystalline
rocks.
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BOVBEERZMAHX RS AYEFHANEER
WA ETHAGARYHEREEIEMELRNE L LA,
BEARENE WRHE T E—XHIHE M EA S
WZRIMHERR, W UFHC MRS REERREE R
S g HESE. XEMBEAYENR, E LA H
FRE AR R BRI T A EEME
X HMEZHIEENER, X TIHEHIR, £ XF-55
BEHMRXARABRENRASATEAMBEEEZ MM XEE
112 ,1997 ; Kern et al. , 1999 2002; #&XE A% 2001; &£RE
%,2004) , HANAFLTE A O FLER BE IS o 28X Hh AR R
FI% B Y0 (Popp et al. , 19985 2000) , 7K 4 I BE FIFLER I
A 1 B B W 25 ( Knigh et al. , 19905 FifT %%, 1995,
Holl et al. , 1997; $234% ,2003) , 54— REERNPR 7
AR A AR ( EE R REEE) s Al B
2208 B % %, 4 35 M 2 U O B Rof Ml BB R Y 2 R %
( Correia et al. , 1999) , Tukkonen et al (1998) i i *%f3% 22k
BIE A WEEIRM T, ERIEIT T8 A 28 HE R o
MRz RR R, BRGNS S8 B A X
HARRBHE, HXTHRFRAAR L (Zarvora e al.
1993) Az P2 #th 7% I8 K FE 22 B 0 3K 35 (Huenges et al. |
1997) , Lk Ko 52 i 38 Fi 2 i B B 4 BN & ( Bayuk et al. |
1998 ; Seipold et al. , 1998 ; Ogilvie et al. , 2001) , B2 —
PNEENFR .
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R AYREERR S, KR SRR T REHT
FHRYHRERIEENFE, SaPHEmmtsy
HifL R A RAORIE M R IR R E W FE RS
HEN, SOYHFMEAEHRAES S, CRIEANE
FRERU R ZE RS BR RSO EBREDERLAR
( Berckhemer et al. , 1997) , = E KRiFl #4454 (CCSD) 244t
THERERERTEFENENEENBSESONG. R
REMRZRNE A PBERARETAEFHIE. £TE
ZH X EWIE T CCSD100 ~2000m A A M HEHT (SRR
25,2004 ) L K 0 3RAFAE (BRFT TN %, 2004) , A SO & ik
Bt CCSD100 ~3100m H.LHMARYESH (R 1) EASHT
EATZ A AR S RN AE B R |, 31 3 T o o 708
AEHRMBRNE L, EE LB T L R
MEIRE IS S EKGE T A O R E A&
sk W EE R ER R ENE Y BRI RS
A TIAESR

ETELHANEXBMBERHANAT CCSD M E X
W E R, R CREER,

2 Bk

7 CCSD A Ay mMM R+, X URM S Gy
SEEIEFEE o S Vp BN Vs AR « B p,
HALZE Sus FLIEE o, BBEF K, B0 F A AUE HERHE, &
HREMBRE 0B, XREREENHEAR. S8
B8R SR A R AL B T R 1 TR

F£1 CCSDERAYBEURIESH—-RE
Table |  Summary of petrophysical parameters measured on cores in the CCSD program
e3¢ & ik 1%=7 HAfy HEARA % I 4 el
HE BA] R A B o 10 kg/m? T K
I iber 4 Vp.Vs 10°av/s T8 kK & Rauen and
K I K Wm 'K g it Winter, 1995
' ros Pribnow et al. |
iRk ¢y ke p Qm sk 1095
(RS R Sus SI T4 &t Rauen and
fLBR A KV E % T Soffel, 1995
BiEE AWEH 10 %’ T4

FEGAIR) b, A SCH R i TR M 100 ~ 3100m, Jtit
500 RAFHE S, B — A A 4% LR A9 10 TUR M, X FE sl
BT AN 500 (BESL) x 10CTRME) Rt e , X sl R A SCHEAT
AT AR I O B R R BORE. A AU BIR TR AS A
R2PR, £3AETHBEREAS LA RAOMEIRE . B
T A v BEL SR A AL R i I (A R R B 22 AR, 0 T
TR XA YRR 2GS 5 &M,

3 R4 T (Correlation analysis)

R T X B AR B A B K KR HATRIB 5
Sri. H B BTE T 8 B BRATIX ¢ & i VIR I AR (L AL
A - EEMEE FAGR ER IR, FHA TR
M, HEEARRE(DHERARZEALRE(2)H
E LR Z I8 6 F B DR (3) MR W AR B Al -~ ok
FE(4) WER L RHTHEMEREZRINESR .
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Table 2 Database structure of organized petrophysical measurements
a5 BE HiE #eR EHE Vp Vs mEF  gikE ARE BER
001 101.65 ZRARBSOAEES 3.223  2.87 6.30 3.72 7252 1227 1.63 0.17
507 3105.50 —mKERABKE 2.506  2.65 5.19 2.50 5026 15033 1.03  0.109
*3 METREIRNRRITER
Table 3 Quality evaluation of acquired dataset
YHE X wE Vp Vs MR Log(WEBHA)  RELE  Log(RifbE) IJLRE  BEX
Bxl 4.27 3.87 8.35 4.64 103783 5.02 103762 5.02 3.20 4.67
B/ME 1.69 1.80 4.85 2.13 1.85 0.27 59.58 1.78 0.46 0.07
S H 2.84 2.91 6.03 3.28 8735 3.70 5818 3.21 1.88 0.22
MR 0.50 0.29 0.70 0.44 9724 0.63 13806 0.66 0.7z 0.26
MEiRE  <2% +0.01 +0.02 <1% <5% <2% +0.10  =0.05
®4 HEPEMRZENEXREY
Table 4  Correlation coefficients between petrophysical parameters
N BN =507
LB v N Y
R iy Vp Vs H B HeA % FLBRHE BiER
ek N VO
rdi 0.39 1.00
Vp 0.51 0.85 1.00
Vs 0.51 0.75 0.94 1.00
HLBH % 0.13 0.11 0.30 0.37 1.00
S 0.23 -0.07 -0.01 -0.09 -0.08 1.00
TR 0.32 0.09 0.19 0. 14 0.25 0. 14 1.00
BER 0.25 0.47 0.31 0.19 -0.16 -0.07 0.20 1.00

MXRXATUAREREHPAER(Y 5 X, BB
X) (el B BRA ey, PO 2 A S R n R Bl R R ()
( correlation coefficient) 7] LLi+40{k

Flan%t o (B AR RN R XY 20T T
i AR B PR

X, X, .. XL UIRIY,, Y, ... Y| FEHXFME
PRSP BN X, Y
) 5 75 e A 2 ) ) O R O SCA

> (X -0, =)

NOWRE A% \/ill(Yi 1)

r BABFBEZ IR RS, KBEANF -1 /1 ZH.,

RHE L LA, XF 500 448559 8 T4 B8 M R 43 B 5K
X ZRE S MR BB INE 4 iR

()

MTFAOHEMBE RN FAREAEREEKR(>500
A X EARE r BESEMT AR 151> 0.50 BT REEM
Rk R 0.30 > 1r1 > 0.50 BFEBFHHEME; MR 171 <
0.30 BHANEE AN, BIEX A, AL 3 PofLIE
HoEHAGBEERES, BABMHXENYEEOE . FE/
Wk TR E, AANFEMERZENEEAEC S
PR ESCRATIESS AT H ARG E RHREHEEA
¥4 A 5 R I8 2 ) A S P R Y AR R M ORI IE S

WA, BAEFHANN YRR AR/ EE RS
RALRE FE/ BER, R/ EHE, REFHHEYHE
PR T EZ A AR GHBRAEE, REMYHEZR
A B B A et

XEHERM MR, AR S H e a2 E 4
WA RN, XFERR A AR RS
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Tree Diagram for Variables
Linkage rule: Weighted pair-group average. Distance measure: 1-Pearson 1
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4 BRSrPr (Cluster analysis)
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BK M B BUAY 2 R 4 B 25 i (hierarchical clustering
method) , JCiE N 3R (BB BURM) BR N K. KRG EH
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The tree diagram of cluster analysis on Variatles of petrophysics.
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b XY FORPHER N FRomx S CRE S BEUR R .
AR A b T B R 2 30 B RS My B R (AR ) AR
HATREDHT
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4.1 MEERAREIN

AR R 2 (B R R AR R &Y, (A R
P2 BIRA KR, N T FEX LR, FIRTRAG 8 i
PEEAT oMY BRI TR R MR R, I 1 TR

TERPR BRI LA IR ), X R BT AR BE X — A
TP 9 EATIR BUR PR R SR B Y, S R R S Y TR —
FRtE. RESZMERNEEE, X—RIWELB BRI
BRAYUESE . RICEPE B S Y — o - 5% A R
BON AL AR AT 46, 0o oo FR I S R, X — s B
AHRAFERHESS . NHUFSEPRIEOLRE , L B R
BEEONTYHARAR, LUK ET WEGENRE. W
ETRMEAEMBEENIEZET AP ERELY
HRPW, MU SHEYAEREZRXRENE,
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Tree Diagram for 100 Cases

Linkage rule: Weighted pair-group average. Distance measure: 1-Pearsonr
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Tree Diagram for 100 Cases

Linkage rule: Weighted pair-group average. Distance measure: 1-Pearsonr
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Fig.3 Tree diagram of cluster analysis on 100 samples according to their 6 petrophysical parameters.
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Tree Diagram for 100 Cases

Linkage rule: Weighted pair-group average. Distance measure: 1-Pearsonr
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4.2 ESKNEESN

EAYHEMRNELEANZ R ERT HENET
PR S, XA G SR YA RFEYE
BREX. HR A et w 4R, F a0 R AN
AR R, R T BRE T it o ERFR A T, SUAE R E
ETE,XF CCSDI00 ~2000m B8 /A o IR AT e, AR4E
YRR EE(2004) SCBR R BL A PEHDIR 1B SRR LT 3R BE A
M5

200 ~250m , F R & 10 14 500 ~ 600m, Fr BEARHE &
10 f%;

1600 ~2000m , 1845 F R 20

1200 ~ 1500m.E}#ﬂE&g 30 {4,800 ~ 1070m, &l B Bk &
20 4

600 ~ 680m , i EVEH 10 {F;

A b 2E1F 100 (4R ah AR R T CCSD F 1L 2000m #Y
Yy EH BB SRR ALE

TEIX 100 RGP, B HE RIS A 10 M ERJR #E (100
x 10 BB ) HRAEAS R A R0 A 40 3 70 3K 100 (Rt
CHMHFERHTAE BB RNE 2~ B4R, N
TR HEWRG A 2E0F 58 2 ~ 4 B RARE LT
B R T IA 4 D RCEM AL ETE 3 DM EE AR RT
SR RERE TS AL L -
& 2RSS 3-1E RS 4-BI R RS OB AR
& PIIN.022 + 1 RARHESTS 022 BIFTEHENES .

MATIT AR T E S HIE R R,
FIM MR BOR , R R X 4 MBI TR AT 26, 45
W2 BrR . AETRERT LR X 4 FR PR 5 X A )
T2 RE B TVBEN FRERRRE, ERREES .G
50% HIEELPE S P I K, 53 A0 50% #IR T H Bk

B A E A FEE B R P R IR AL R AR, AKX
MANEEARERYE 6 MER (HE, Vp, Vs, EH
P BEALR) BT R LT, B3 T B AR KB
(B3 FrmR). B0 RS e A X 4 ok, sl
W3, ERRRE R BRI 7, B P 3 o R
HRUER R AT, BT EMTERA RS E R

RO, LR FE A A A 2RI M 2

BTN 8 MyEE R —EENIEEMRE,
BHEAITE 4. XA RBERX T THEREL HD
FYCRA M 3, @A FIHRBIE R 80% .

Y\ LRTIR, IR 3 BTRER A 4 B R A AL, BN BUE
ARBETE R TR LB R R A 3R AT
B AT LA X 43t R s KR [Fl 88 e R AR R A

)

D
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St

AT R A AR R R MR TSR & RS
HAREGE , EE MRS R B RIBE AN, 7 LUE
AR AR . X OB BRI TR P A
MR T ATRE . Ak, BEE T R AR A
FBAY% R (Lee, 1989; Seipold, 1998) , K B4 ARG
PR DL BB ] 22 (8] B 06 & BN WA R (Clauser et al. |
1995; Seipold, 1998) ., £ 75 4r VF Al #4455 1 7 If o ¥ G
FHOIERY b, B AR RO SO - B AT LLSE 4
THAMHEE,

AR BLE AR 2 B BA RAMNER R, %
EREWER AR A FER Y HE M R) B
HERMH R Z X AR T RE R, R EEE HE
AT R, B FA A b 1 AL 2 P S A R B B A
KAERIEIR (A 2 PR %) , XEFEREME, X
TEEEMALBENXR EBERS A X BE T HE Bk
0% . H T R L B B A SR PR AT R, ot AR 1S AL B A
ABRRHAIARE N 4 A O RSN B R EER
B LB BRI, A EAE R B S E
AFLBEE BRI AR, HETBE X, S NIZA K
KIEX R,

TR R B DT B A FERE b T AR 38 8 R
BRGNS AR, AR, A ST IR HE 5T AR I S A &
HE& [ R A A IR ( Christensen, 1989; Warner, 1990; Jones
et al. , 1996) i ERY) B 2 5 4 SE 3 o 1 I 0 25038 0 ot T
GRS MRS B b FE— 2 g
BW, KERHZERE LT # X A TR 40 59 s Bk ) BRI
FHBH UK, 1999; 2002) A MM EHBVENAEAY
B TAECREGESE,2002) , fH SRR B Z RAER A AY
PERORL R A B O A W R B R AT TR . A S RO B
RN NGRS ETREX, RIS 6 0% E R
B A LR X o b RE A A 2 BBk X ot &
AERIPWARTT; MAHSE HREEE AR BRM
FELBELAR SOV AT LA DX th M B R SR AR B R A I R
WS MBI BRE o R IEA RIEEE G R R TR 8 4%
A KB YR R R A A EE R X,

Biff ZmACHoRENANES £ k8 PR
FORATN AR H RS, FE AR SR T ERG TSR
DEAE B SRR TR SR B A R R LR BsE
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