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Table 1 Rate of heat released H and half-lives 7,
of important radioactive isotopes
in the Earth’s interior

EilvES H(Wke) i W C (10°)
2y 9.37x107 4.47x10° 25.5x10”
U 5.69%x10™ 7.04%10° 0.185x10™

U 9.71x10° 25.7x107

“Th 2.69x107 1.40x10" 103x10~

“K 2.79x10° 1.25%10° 32.9x10”
K 3.58x10” 257
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KO W& 5 MO 43 5 1ICP—MS il XRF J7 ik 7
] - % VRS 1 % b Jo A s R AT

CCSD EALHT 2000 m Ly, B A £ 57 M) i A8
st R TIRBEA O, AT ALLT 7 s
A BLITI, (1)100~248 m E BN A KA | B
IR I )2 (11)248~530 m 322k £1 DA M
ASESOamER LR, BE R KA ZE,; (1)
530~600 m M % & 20 A 7 5 (IV)600~695 m A A1
A MRS | LR 5 0 R o e )2 5 (V) 695~1 160
m MR RS B R E R — R A e 2 (VI
1160~1 600 m NAER TR BKA, HJRE A — 1) 7
R AN R A I 2 5 (VID) 1 600~2050m A
WMEE BRI )2

X TR — A i A PR BRTT | TR 0] RE M 2 B 2
JERT A T SR R OT R AR RS e, B
— BB HEAT TR A uE S A E BRI
P, MiAH B F R Bl b 1k B, BN 5 — B R
AORIRER T RATRE M K bR A R R T 2 R
Ml JUR S0, & 2 K FEAE T 60 %AE s X%
BOBCHR HEAT T b 08, DUTE 4 B % B UL Th M
KO W& & Th/U WEE=HRE RN, A
SiO, /N T 60% MIPRIRA 1-P, W T A & bR
PN 1-F, X HAb A& Bet R 1T 28000 7 i, 25 Beidy
U.Th fl K20 B & & ,Th/U HAH K™= M3 H K
ANULER 2 IR T AN B AT LA A A 2R Gy
SR ECH HPE Z RIPIAH K C R

MF 2 AT LIE

(1) HRIT I & & 20 A R A A oo v A+
AL (IVv-P) BA MUY U Th fil KO & & ™
POR E L AMIEA (D AEY U Th 71 K0 & &
A3 0.10x107,0.34% 107 F1 0.04% , 7= R R 16.6%
107"W /kg,, T AT A 8BS (Iv-P)F¥ U Th
KO & 40 58 0.10%107°,034%107° Fl 0.05% , 7=
PN 195%x107"W /kg,
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Fig. 1 Depth profile of KO, U and Th contents in the 100—2000 m CCSD borehole
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Fig. 2 Depth profile of (a) Th/U ratios and (b) heat production (H) in the 100—2000 m CCSD borehole
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()X HCEATT 1 ANBATT 1T Ho Y B2 S e 2 (2
R R R ) B JE 21 K0 M 170038 151,96 %,
U M Th ¥ JE 5351 0.90x107 3k 2> F] 0.81x107¢ il
11.27x107° 3] 7.92x107°, W & 1 KO AH B Hi A
0.80%3 %) 1.05% ,U A1 Th #5051 0.48%x107°
F12.44x107 HEINE) 0.64x107 Fl 4.16x107, I-P 1 [I-P
AR 0R 296.6%107 W /kg Hll 392.3x107"W /kg,
1AL 22 1-F #l T1-F 743 645.9x107"W /kg
731,710 W/kg, XFPOCRE WAL T AT

BV 5 R R 2 B B AT B R B 0 ) o AC
o, L HFRIAE KO W& Ak,

(3)FIELTT 11 AH LE BRI TV (A A8 A S ) i
BTV (RIR KA ) TS 2 EA T AN
KO (1.12%~1.32%) , (HFE K U F1 Th & &, 4351k
0.34x107°~0.49%107° 1 1.54%x107°~2.4x10°°, FHX}F+
R PE IR Ol 412.7%107~481.3%107""W /kg.,

(4) BT VI(4E 3 BT i ks ) AT & = 1 K0,
U Ml Th & & &7 #8535 4.52% .1.58%107°,
11.85%10°° #1 1664.7x10""W /kg.,

(5) 5T VII(IRE &) BA AT v fl v
W25 I 2 ALY KO U Al Th f & K= #eR (A
K,O &% it S #GRAR X TH i, U A Th 2 5 A %
5 T H A Y R e E B A IR I VI AR R B R
JRE AU U A Th & & HER N K0 & & &)™

(6)AHXT S 1 Th/U B EfH, Ir A %01 Th/U
HAEEBR T 2,66, ZALIEFEH 2.66 ~12.12,

Mo ccsD EFLHRET 2000m B K,O .U il Th &%
S B TR B (AR A (] 1—a, 1-b) X AH B () Th/U HAA
By IR BE TR B 1) 434 (K] 2—a,2—b) 0T AE | BR
H B KO U A Th 198 5 SO Y 7= 3R AN TR
T 22 AN ) 25 1 )22 22 () 32 48 Ak 2 B I 1 5% ) | A
CCSD FEAFLHT 2000 m 70, 7= HR 2 B H A B0
B A AR 43 A REAE | AFRE A8 R 7 BGRR 14 e BR  FUAE X6
I 7= ARG (R ARV 5 B B P2 Bl = BB 45 0 (] 2—
b), RN T  FESD EEEB N, FAER
AR = WA S5 K H e AT LR AT AN T

i bprig | s xt cesp FFLH 100~2 000 m

£ 2 CCSD E7LAT2000m &0 &AM

RERZHMEETERE U.Th.K)BEE.ThU LLERFHRE 1)
Table 2 Summary of U, Th and K,O contents, Th/U ratio and heat production (H)
in each tectono-lithologic unit of the first 2000 m CCSD core samples

liprwe) K0 /% Th/10°° u/1o’° Th/U HI10™ (W/kg)
PE Bt| Avg Max  Min | Avg Max  Min | Avg Max  Min | Avg Max Min Avg  Max  Min
P| 080 409 001 | 244 1460 022 | 048 203 015 | 459 910 098 | 2966 14663 14.9
: F| 170 327 042 | 1127 2658 247 | 090 232 037 | 1212 2439 441 | 6459 12043 1775
P|105 510 001 | 416 2648 030 | 064 141 005 | 622 3269 154 | 3923 18439 54
! F|196 307 066 | 792 3015 1.5 | 081 214 039 | 883 2184 1.83 | 731.7 11154 2490
m | 004 036 0 034 175 003 | 010 038 001 | 532 3400 0.19 | 166 1337 20
P[005 075 001 | 034 363 003 | 010 057 001 | 266 1019 040 | 195 2838 32
" F| 112 332 001 | 244 697 010 | 049 126 006 | 484 958 067 | 4127 12181 119
J|P|270 554 022 | 667 3100 026 | 104 239 017 | 622 2279 037 | 942 19905 875
' F|132 603 001 | 154 626 009 | 034 135 004 | 487 1478 0.65 | 4813 21653 45
P 452 667 269 | 1185 2390 229 | 158 331 064 | 766 1504 352 | 16647 24281 9911
Y F|366 626 162 | 150 212 095 | 032 067 015 | 559 913 290 | 1318.6 2246.6 585.7
[P 141 804 009 | 089 576 008 | 017 050 004 | 473 1372 150 | 5102 28832 376
H F|365 556 128 | 11.72 2080 240 | 1.87 352 039 | 7.11 1985 3.06 | 1356.0 20709 471.8

I P—R— A BUW RN 2  F—R— A BRI ZE ; Ave—F W E ; Max— 5 R (H s Min—f/ME
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(450 K,O U A Th % 5 19 00 5 B = #0153
SRR

() A6 X 0T R A B AT fie s 10 7= 83 P10k
1665X107"W /kg;

(2) Bl KA (A8 B3R 7e A ) BA TR AR 1 7= AR
K 994x107"W /kg;

(3) 4 21 A AR W 2 B A R A RO 2 LA e IR 1Y)
PR O 17x107"W /kg~20X 107" W /kg ;

(4) TR I TT 2 Tk 3 KR g 1) 7 AR
Y A AT AR AR 5 R RRAR 0 4 AT BRAE

4 e

HRAE LA E BT A 400 20 45 3 | [a] i 45 4 Xt o |
MREASIE | A R 27 Bt BT AR AR 4 SRR R
S 7S P AR OITER 9 43 A AR 1Y 32 B SR A
CCSD FALHFriEn i HPE R E i & X,

4.1 BE-BEEMFIEN HPE 451

Rt P 1t 6 AU (L B b 2 TS S e 7 TR 1 )
SRR, AT AR A P I M 2 7 AR 2 TR Y G
FHULT Bk ke,

q=q.+DA, )

Hrp g Ry TEH RN E AT A, Ry R WU
@%E\%E"Jﬁfgﬁ,q, A, R E AR (E (Reduced
Heat Flow),D A o5 85, B0 SIREEAR R, %
PO ST 25 AR UE W i 2 50 5 B s, ST
AN TRVAF i RIS [F) 44 i BR SR B o X6 T R AU AE 5
3= LR A0 B KBt M 7 R U | Lachenbruch® 742 H T
P HATT R BEIR I (7)) 48 B U i 70 A A6 Xk fife B
FRERIE I FR BRI

AZ) =Ae™ 3)

AR IS Y B 5T 0 A 58 AR S8 X R —
JE AR A o A A, i T REAR B 0 i R O A
(2) PRy Lk G & L TR R AR BN T ATz
FR 7 IR RE 7 A X A A3 A B IR I 45
HHVEH B 78 B (gravitational ionic diffusion)!™
ol I [ 25 A 32 A4 H (subsolidus alteration )2 {H7E
Fe X Brh ) IR REHRRR P BOT R BETR R R M
B X —FhoAT e R B,

A(Z) = A(1-2/D) 4)

TE CCSD EAFLH 1 800 m Y 70> i 32 % Ay ik
U Th Al K7™ 00 R AR & AU SRR S 800~
1600m AAHX F 4 U Th M K 7 #AIC K 1Y 1E 7 FR

F AR R R 1 600~2 000 m A BR$E U Th il K 7™~
ORI S XA —F = BIE 30 HPE 20 A B X
5 HPE 88U W i B A AT, AlaeRE =
JFE — 8 i FE AR s o LR HPE 4544, i FLIZ 5 4 L
KAIAE 4 5 FE 1 HPE 250 0 42 2% | R 2 48 #los
ok 43 A A X AR S R T AR
42 ZBAN HPE $F1ERI R

Hi 7 T GO R G o A RRAE 2 AR R
M), (1) 44 1 0% 3h 5 3500 2L A S () Hb Bk k24 R AIE 1) Bk
A1 28 (2) B K il A8 T PR T 3 ) b 7 PN
W AR (3) M2 KAk 0 il 2 1 F K s i AR
YRR BT i L oG R TR oA, AERI )R (3) 8L
AHA 4y A BN HPE Z M SEE R | fEX L
e B IX o = A AR (8T8 DR SCA SR )
Xof L5 E A P IO R 1 S AR AR AR, I A
WAFBLT 7B S0 S BOUBUE RS S i b
PEROTRAET WM B F R, WA A RO R
M ERRRIE S B/ TR AT Rl R A S gk
WAk Rk az 1 S 5 0 TR FH 2 U it
B A AR P R OT B R E

SRR AR 1 AR (G e A ) A R] g BUR
A T 7= FOC R 7 BRI A S e A
TCR B A b2 b ER A R Ko
AR 2= IR B cesD AL IR ME A K
o SO R A AR B B ool AR Bk Bl KB i 2 —
EHAUE ,CCSD AU A AR b nl e e T
TR Bt R AT e S AR 1 A A B0 A 0 ) AE £k | R
JE AL 4 Bl R i 140 2% 14 3 S R B ARG A e
SMEA B oy AR R AR R A A UURBLUATE
Bt GRA b S iR a B vy s B A 2 A S 306X
B h R A A 3 A X R = WA SE AL T
A B PR G /N RUBE 9 = W36 &5 b 2 AR T I
FECE TG B P o 3 AR AVE IS5 5L Bilan, F Rk
FHI RS R R X RE A KR AR A K
VASENVECE Y el S e er =P v s
T AR AL B T ¥ (Stopping ) T 8 41 25 78 4
WP R SE R RIS AR TE A 3 S A Bk Ak 2
I 5% M — F e

5 45 it

Xt ccsD FEFLHI 100~2000 m B AL, 7 A 1
AP BLIE 734 BORE LAY K,O U A1 Th & & i 2
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S A P R 25 R R RE £ B KO U
FITh (95 5 AR R 7= R AN R 2 AR 2 2
(] k27 2 48 S5 I R S, A6 B B JRR S LA e e 1Y
PRI SR 1665%107W kg ; Bl R (22 UL
B B A M7 9945x10 "W /kg; 42 21
A1 WE S B A AR A0 RS 5 B A B I 7 R
17X107"W /kg~205x10""W /kg;  BUH P #OT R
e TR L 77 SRR B A MR AR AT AR Ak, 2 BB
BIR 09 53 A1 FRAE | B4R B HPE 2 = BIIR4E5H , 54
B HPE 58 8O Wl o3 A U AT 5 i R = R 20
HPE 45144 ] GRAUR A i E — i o s A2 sy v e 7Y
HPE 45t , WKL R A AT TR, s m
HPE 2544 % 3 i 756 iy DXORE T i 114 1 3R FA TR A P>
T — RO Al 48 3 1L 1) B R B TR 1 YAk PR
AR HELEIT
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Vertical distribution characteristics and origin of radiogenic heat—producing
elements (HPE) in the first 2000 m of the main hole of the CCSD Project

ZENG Ling—sen, LIU Fu-lai, ZHANG Ze-ming, YANG Jing—sui, XU Zhi—qin
(Key Laboratory for Continental Dynamic of the Ministry of Land and Resources, of China Institute of Geology,

Chinese Academy of Geological Sciences, Beijing 100037, China)

Abstract: How radiogenic heat—producing elements (HPE) are distributed as a function of depth in the Earth is
critical to determine the thermal and rheological structure of continental crust and to constrain geochemical,
petrological, and tectonic models of crustal evolution. Our knowledge of HPE distribution within the crust has
been derived predominantly from studies of large—scale granitic batholiths. The HPE distribution within high—
grade metamorphic terrains are not well studied and thus poorly understood. The Chinese Continental Scientific
Drilling (CCSD) Project provides us an unparallel opportunity to characterize the vertical HPE distribution in a
type example of high— to ultrahigh—pressure metamorphic terrains worldwide. U, Th, and K,O contents have
been measured on 734 core samples taken at intervals of 2 to 5 m and used to determine the distribution pattern
of radiogenic heat production. Preliminary results show that: (1) the granitic gneisses have the highest heat
production with an average of 1665X107'"W/kg; (2) the paragneisses have the intermediate heat production values;
(3) the rutile eclogites and garnet peridotites have the lowest and similar values at about 17~20x107"W/kg; (4)
radiogenic HPE concentrations and heat production change stepwise as lithology changes downward. These data
reveal a sandwich—like structure for the HPE in the drilling core in which relatively high heat production sections
are enclosed by relatively low heat production sections. Such a pattern is not consistent with the downward—
decreasing exponential distribution predicted from modeling of surface heat flow data. However, it may represent
a typical structure in UHP metamorphic terrains as a result of deformation during or after the exhumation which
resulted in the juxtaposition of mafic to ultramafic blocks with felsic blocks.

Key words: heat—producing element;heat production rate;Sulu ultrahigh —pressure metamorphic belt; Chinese
Continental Scientific Drilling (CCSD) Project

About the first author:ZENG Ling—sen,male, born in 1970, Ph.D in Geology from California Institute of
Technology, USA. Primary research interests are field geology, structural geology and deformational mechanisms
at various levels of the continental lithosphere, elemental and radiogenic isotope geochemistry, and tectonic

geomorphology ; E—mail : lzeng@ccsd.org.cn.



