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Abstract: With the continuous deepening of gold exploration in the Jiaodong gold province,
the mineralization information extraction capability and interpretation accuracy of surface

detection technologies have declined. There is an urgent need to explore and apply more direct
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and effective borehole technologies that combine geological, geophysical, and geochemical
methods. The systematic exploration of the Jiaojia gold belt at depths exceeding 2000m recently
revealed large—scale gold-rich zones in the northern section of the Zhaoxian gold deposit

achieving significant exploration progress. Among these, borehole 120ZK07 recorded a single-—
hole cumulative ore thickness of 82.71m, representing the thickest deep ore body discovered
to date. During the main mineralization stage, quartz-pyrite veins developed intensely, with
ore body scale and mineralization intensity increasing toward deeper parts. It is inferred
that the ore bodies extend vertically at 200m intervals above the top of an enriched ore
section, crossing an upper weak ore interval in the plunging direction. For the first time in
Jiaodong, five—azimuth surface—borehole transient electromagnetic measurement (SBTEM) was
applied. The induced electromotive force curve characteristics of anomaly sections across
loops show similarity, suggesting that alteration zones and ore bodies extend stably within a
200m radius around the wellhead. The description of the structure, alteration, and
mineralization network delineates the depth of the mineralization indicator section in loop
Tl from 1750m to 2060m, consistent with the known alteration zone orientation inferred from
the shallow loop T3. Loops T2 and T4 along the strike, along with loop T5 extending deeper,
were identified as their respective mineralization indicator sections. The structural
superimposed halo characteristics of large—scale gold-rich zones indicate a coexistence of
front and proximal halos and weak tail halos, suggesting they lie at the overlapping area
between the tail end of upper rich ore segments and the front end of deep rich ore segments.
The prediction of new large-scale gold-rich zones extends to depths of more than 200 m. The
borehole integrated geological, geophysical, and geochemical exploration technology is widely
applicable to deep prospecting in the Jiaodong gold province and in mineral deposits with
similarly varying geophysical and geochemical properties

Key words: Jiaodong gold province; deep part of the Jiaojia gold belt; Zhaoxian gold deposit;
surface—borehole transient electromagnetic measurement (SBTEM); five—azimuth; borehole

integrated exploration technology
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Fig.4 Log and typical network photos of structures, alteration, and

mineralization in borehole 88ZK09
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Mo. Bi JUE R W IEVRIBAMI N, TR B WAL . MK, 320ZK05 £h1L
FEERIE . P A PGSR, ONIREE DR R R R R IE
5 ik
5.1 IREBH LR FIIEH Hb BRARE UM
5. 1.1 RFH 4 4%

TRER S BRI AL LA LR b, I X DT VER R 38 — A8 — B AL X 2 iR, 1
LIRS RI TR EE, FEAHE: By . B SEmimy LG R IRBmE (s
FAA) OB BER A WERSEZ HIMIETESIE R . k. Austl
S A AR E B AR R HL AR I R B L P S S kS B4 (Deng et
al., 2020c; Hu et al., 2020) .

(B, R B L RO I A A 23 BT A o 225 SR A SR B T SR 30, 5 I LA 15
B, BERSAS AR A A MU, PRREE S . HRYE 88ZK09 A4t i AR B 1L 1A HY
R NI, SRR 5 A S Ok B R R IEASE (B4, XEREEN A%
TN BN R B BURRAE 2 A — B0 - B BN OB B R kR B R B A
HE KRR & E EBE S ERE /% (Fan et al., 2021) .

& ST EBITEM R RS . TUEE L, HERE T BT v e
R S 4, HABH M e TR RE AP AEZE 5, NI S G 25 il 1) 43 T R R T
IMFRAE T JTEER LM (Deng et al., 2020a) . 24 BERALYIN K 2 IR I B A 10 ) i 7Y 4%
TE, JUI AR R BE S TR (1) . 285k, Au. Ag. Cu. Pb. Zn TESMERS
T R0 9 4 S B AL )G BEL S 5 A7 72 A AL PR R R IR R AN [ 20 (1) 25 (1 A8 Ak, 350 5244038 — AR A
AR B8 4 b AR sth R A )

5. 1.2 A A7 [ Jg A A 0

BT NAER ARG Eh & T, B4 T RMIAR . S REE A0 BB IMESEAT 2 A R 4%
WA, DUHCATR S, B A R, SR EE (Song et al., 2023a) . i,
WS B 590 B Job (Al BR A7/ S5 (A1 FE 70 A A4, AR AR AU B B, mT S B ) B ™
HUTEAE 2, X E T BRI AR B L RS K PRI BE B3k AT 23 (] 5E AL (Song et al., 2023b).
EARERRRZ, NSRS, 5528 O i 5T 2% 11 578 5 1 5T S 4 X 42 i B i 1
HisZim (Wang et al., 2024) .

88 HhHRZE Uit LA FLAH, 88ZKO1 HhFL LAVR M Zb U R A [X AT i M B 350 A WL 414k
88ZKO01 HhifL oAk T B G R S IR AT B L, (R R R FEA /N o 335 88ZK03 1 88ZK05
Bl HE M) WK RUFE 4 '8 SR B A LA B e s SR B P IR, 88ZK07 %Al ASs
WAGEL, W REURIR /N . AR Y T.1% 88ZK09 45 FLEZINAL BRI Mk, HE—PI0F T IR
WA FRE R &S5 R B A i (3D .

HRAE I 2R S S5 (R BE A0 A, 88ZK09 AL mT ey ik i i Bkt 55 [A] F J PRI 0 =
W B VRIS B R 200m, S50 TR R ] [B] FE L 200m.  H7 IO E A B MR %
FEARALYE JEHE, HATHEME 200m, TEHT 88ZK09 kL KN JF & 4 By A K I JE 1R 25 1] o
88ZK09 £hFL i ARy JE P, W AR, ko 2 B E I sy, nrfE sy
A
5.2 SBTEM £5SRAFFFIER M7 4
5.2.1 Mzt
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Fig.8 Interpretation of abnormal sections in the five—directional normalized

induced electromotive force curves of borehole 88ZK09

VA — A JBE . FL By 385 il 28 32 BR — U ik 3% (B 8RBT 51 R ) — IR IE R B LR
I NF 7] S2 BRE JRORFAE , (R AE e W B SR B, 32 S AR = AR IR s e, SUfS R L B 5
M2k ZIAE (Johnson et al., 2001) . 88ZKO09 %fifL 54 B rh A IH — 1k BN i 3 34 i 28
WAL AR R v, DA — Rk 51 R 1 I BRI 3 5 5 BUOR 51 R 13 LA 51
(K5 .

B LT3 A 4R B R F sl 34 i 2R e AR K IRME S X 20 & 6 1~ 13 JE S 53T i (A
8) . T1 £ fi T 88ZK09 FLAi, MhhifLiuit A (hitiidss RS T1 Lk ES, M.
T A A RO R I 1) B 2R BV E N R FR 7 B, RIFLIR 1750m~2060m, Jh™ F5 71 B il 2R e AR
TR, SR NS S PN L o A RE AN S —, TR SRR R, i — 20 I Rl F
AR S 3k, ki A 2 IR AR ) S ma N 2R (B 8c) 5 FLIAR 1810m Hh £k R AR
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BB H40 B e SR EE (B 5) , mlabEH TGN SR SR80, UGS AR
SRR BRI ER I B s AT T RAS S R 4% 1860m~1890m, 54 R R BMa (K
8¢c) .

JEFEIY 7 i 2 bl 5 T1 2R PE dh ZRRrfEARALL, HED 88ZKO09 b L i AR A 443 7 [va) Al
A FLAME 200m S5 Bl AR E LB 55 T1 28 P8 RA H8 75 B EARBURRE f) il 28 B A 4%
AT FE R (E18)

TR AN TR AT A 1) T3 SR8 I I it 48 S 45 7 B R BE 1650m~1970m (] 8e) , &
T1 LRl TsAHIE, FTHERT AR w2 Bl 2k 7 7 (90° ) M= AIE A T1. T3 £kl
A AERT AR AU (22° ) 5 AR PR EE AR — S Ul B A5 A Re % S AR
WRHE (F8)

28 P8 5 170 5 e A A ) — B, RS B 3 T S R AR A [ SRR AE , S R L
BB —, B T2, T4 F67, T2 AT 11 Ahcdbfil, T4 56T T1 7 Arrgfl, 7Emm
N RRFAE B, T2, T4 LS T1 FAAHECRIC Bk Bz, @it 12, T1. T4 75
A BT S W ik A e A 1), EDEF L (& 8b—d) o ZR Ml 5iAs i b E S, kg oR
T AR 5 1) 4 2 AV E R AE, BD T3 T5 76, T3 AT TL SRR, T5 AT T1 J7
SLFam, T3 J7 AL AT A L T1 i B 5 b, T5 i s A L T1 i B 5 R,
X E A HE ) [ —30 (Bl 8ay ¢ e) o EIT T3, T1. T5 Jy i A8 il &
KI7IA), @ik T2, T1. T4 J5ArHEWT AR i m 2 77 [y, e it 75 o7 90 & R AT ) ih A% oy
() AT RFAE EAT T

TRAB T5 ZRPEAE M) T2, T4 LRl HL g 35 i 2 i 487~ B, AN H 88ZK09 [m) sk L
LR 18 75 1 A 200m AR R PRI AE (AN 2 TR AL B . T2, T4 LRIB 5 BUATE S T1 4%
LA —35, B 1750m~2060m (& 8b. d) , ZrJill3R7~ H 88ZK09 Mk mIFd #MfE 200m [k
A PR R AE IR BE o T5 22 B H: ih 48 7 3 B R FE 1840m~2150m (8] 8a) , K7~ H 88ZK09 1]
P8 AR 200m (1) 1738 77 % 30 T E VR A
5.2. 2 VRESEH BRINE A 2 A

SBTEM U0 B o a3l H bR s AA, ] BRI S 2l — V3 N, 36 G 7 Hb T FE Y2 o
WH— i R TN EEREE T8, SR80 NEE. W5 (Auken et al.,
2015) o 1% %t SBTEM 545 Fl2% B AN e M ALER A7 I Ze AN B A8, R BETE LA EE . R
F 22 E, M T kB, RefE KRB FLA AR 5y i Ay A () = 4 =S R 5UE , TR AR
DFLAPY R S 2, AT SE A AR SRR R AT AR (PR R B A E
REARVE (XIPESE, 2023) o TLJ7Ar2E 18 SBTEM 76 £ Xt IRl i R Hh A5 LA N T, 551
FE RE IS A RO AT A AR A TN L E 1) e S T R ATRRAE (B 8D, AR T IR AR 4%
AR TSRS BEL sk 2 3 A 0] PR e g ] R

WX KGR R RHC R RS LR =, R LS W4 7 AN 3550 43 A F 4544
11 75 S T B P SR TE B R B 2, 2 REAL . BRIV E R S, A oS e
WS BN, AAaS SRR RN, RIS A A S NTE R R, K
PSSR SRR, SR, mEREIRERM (R D o BE SR
AR WA SRR, VBRI R (TEMD) $RAE T MR RARHIX &
W AR A R A T SRR R P R 2 (AR A KRR R RIS WA
PEZE S, RIMLE RS HE 8 SA B AR S0 IR (Ma et al., 2021; #Orims, 2024) ,
iR BT M ZE R IE LR BEAT . WK B R R R PRI R v (B
AEE, 2023) , ZITVEGE R

SBTEM fEf# P RS 54l Hea m LS IR o 7 Ak T-H M =4k fi,
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55 CSAMT A ZE R CUHARMREL HARRIN A 5 RV BT THIURE 58 2 LR
Mi/py, HAXES A, BRI RTEE (FO/NNIEE, 20250 o BRIL, EIRAE - EhE. sk
BRURERIN S5 75 ZORG AR 2 T FE PRSI 3 5, SBTEM %A N fLik /i 2 — (Chen et al.,
2020) o EAREREMIAE, U570 SBTEM AL THRZE B, XH™ A7 HRF L ARG 0L 1 .
2L P TN 5 22 2 ) T A AH ELEME AN VA RV E B PROY, MR — BRI AT
5.3 MEEMEFNMXEER M2
5.3. 1 M BT

EERIFIIERZAL, Aus Agy Cus Pby Zn S0 L IC A R A R AL 4 25 25 [A) T
EEE, BR—RIBEHREN K (Hu er al., 20200 . TRIEBEINESR, TR
BRI E R, ARG D RN RS, GRS A )
WKiE. LR EAARITER B R 2 BN, TSR E R A, R GRS N TR
WREZ L, R E AR NI (FESE, 2021

SRR SRR DR R IR ORI 3975 AFHA3E B A% it 70 3R 7 M 45 R AT 3R
AR B GUmbBESE, 20220, FESL T HHEEIX AOMY I B i 2= T s FH B (2R R4S,
2021) o EHRIEH ®ICEN Aus Ag. Cu. Pby Zn, RIZRICEHN As. Sb. Hg, REILHK
N Biy Moo L&l HIG®. I %, REITHRAN, BERESETRBKRD A, HRRIEH
JERHF A RS RIS ERE BN TR ey ko 2. BERFZ L, B
BH I TCER B A 2> P9, SRR AR B IR R AT G W B IR AL 57
W YIRS e A [ R A AT SRR (B 9) .

As+Sb+Hg F# &0 41 SR
W i
W i
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b 4 0 L R o
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5t 53
- 3 4 0 R w
AstSbtHg P HErMa
e s o ol 4
B R TR NI = e . |
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Rk W LT HaR RE fn
- 0 BrEi REEgEx

K9 Bl AL BOA B R it B o FT S FH A 2 ]
Fig.9 Practical predicting model diagram of structural superimposed halos in

the deep northern Jiaojia gold belt

HE B N R (B 6) nI%l, R0 B 88ZK03 1 88ZK05 % FL NI A & A1 55 i
GRICRFH B IMNEHE. 88ZK09 HiFLATAL FIEREA BOEH 2. A& EI0R 7% & INRHIE
2, SR EX R OCREGE, B RREICRSRE (B 6) , HENHAT RSN 42
i RS oA 11 o PR 2 DA, o P e ) K R BE 46 AR Bl VR F W R 30, T REONAT Sk
TAL, R A R IR R Ao B A BT B T

5.3.2 XIREH BRNEH 5341
320 HhAR 28 )1t B 02 TR AIE 5 350 ) DA RRAE — 2 320ZK01~320ZK03 4 £L 2 [H] KR
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[ B AR BT B R U R S W IR IR IE ] s O TR B L 320ZK05 WA FUAS )N, AR
(1, RO RILY R R IR, RS A TR, OVRERERHME (BT o EAE
BMkE, 320ZK05 #ifL As. Sb. Hg AIZREUE ¢ MR L 73 AN 5 B R R n - O 90000
ERARE H AR ] B R A B B

FES B TR R BN 38 B 22 5 R AL AT S ST (R 3 B i B T S ISR, B 1%
JHEAE BRSO IR F AL B B & 2 BATIE Ak . RIPILIOK, AT AFEIXISEE S D B
WA R AR =10 5 17 RFLEE W T T K EMIE B2 TAR, @ po i
RIS T AP ROR, RINZIIN 55 BA X ed i (A, 2021) o HiE S
SN 7k )28 A A R A e 2 17 7 R R PRI A, (B S0 R
MRS TR A vERA 1 AR L R Bk R = (1 R RS B R B
5.4 Fep LR SR AN LB AT TN

BAORTR Bl e T s PR 3t R A AR AT 5 VAR TR B2 32 BR S5 1) i, b ) A 45 5 PR 52
A CE 10D Gels AR GURIUR S HARHUAR KA 57 55 02, RS Bk 2 |
HWERALZAAE B B RAERIAR G X R, IREa AR5 2, S TIEREEM
A B KA Bl A TP SR A3t B R TEAR 8RB R BT ARAR R GR, A
SBTEM. 4t B in 2= 0 & (1 IX S I 1%, 89 R A2 rh D A 45 6 TN i L DX sl P A
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Figure. 10 Roadmap for borehole integrated geological, geophysical, and

geochemical exploration techniques

AT R FAE . R AMERZE B BEPE T 2 M IR, 484 SBTEM &5 A& B N2 5%
REAE, HEM 88ZK09 % fLHTHE #8 K RE &5 L BRI & 0 B AT bty Sk, MR 5 2 e
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