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Fig. 1, Plan view of the mining pit in
the Ximashan iron deposit.

1—Migmatized amphibole-plagioclase leptynites

2—Dark granulite; 3—Magnctite orcbody; 4—
Inferred fault and its attitude.
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Fig. 2. Geological section along No.3 explo-

ration line of the Tianbaoshan ore district.

1—Banded, streaked and augen migmatite; 2—Gra-
nitic migmatitic gneiss, migmatitic granite and
isotropic migmatites 3—Near-ore wall rocks, am-

phibolite, diopsidite, skarnized schist; 4—Magnetite

orchody.
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Fig. 3. Geological section of No. 102
exploration line of the Luopeng (Tongboshan)
ore district.
1—ILoess; 2—Plagioclase-amphibole schist; 3—
Leptynitey 4—Chlorite-garnet skarny 5—
Magnectite orcbody.
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Table 1. Variation in major chemical composition of rocks in Ximashan and
Tongboshan ore districts with migmatization and metasomatism
* = e ¥ B o (%)
VXK HRAK
SiO; Al2O; FesO3 FeO MgO CaO KO N2.0 TFe

FERELL B R 49.20 [ 7.29 | 2.12 | 5.08 [10.26 |23.30 | 0.18 | 0.36 | 7.70
T )

BaE 71.90 14.07 0.07 1.38 0.55 1.35 6.88 1.85 1.60
R RS 49.48 | 15.52 | 3.60 | 7.37 | 5.53 | 9.82 | 0.80 | 3.61 |11.79
e

ERERIE G 74,94 | 12.63 | 2.21 | o.62 | 0.46 | o0.01 | 1.03 | 5.78 | 2.90

@ HEmdy. EX4 (1979) FMBRRH (1981) Kk

@ REAHEBEDUABEREI (1980 BH

2 KRBTk

SRR RARARERILER S HEEMRXE LN ESBERTyEEL AN,
METERMKEA U5%) . AE Q0% . AWlA (10%) MANA G A, FHEEE
s st R (An=55) (50%). ZEMAINA B0%) . BER (10%) . GAHAGY%)

MR (5%) . EFREALERY TR 2 o KRGS R

& 2 ZRERHLFEES (%)

iR

Table 2. Chemical composition of experimental samples
1 ¥ |74 oy
SRS RREHL AR PEEL AR
Si0O; Al20; TiOz Fe,03 FeO CaO MgO
# Cuo R A X s LA RS 71.90 | 14,07 | 0.10 0.07 1.38 1.38 0.55
BT EE AN
Iibyda KEUF X 41.54 14.23 0.82 5.93 12.12 12.59 7.10
FHC AL S
1t # B o
Has
: K0 Na;O MnO CuO ZnO CO; F Cl SO; H,O0* H:0"| & &
7 Cio 6.38 1.85 0.03 0.40 0.15 0.09 0.076 0.03 0 0.46 1 0.04 | 99.46
Iibysda 1,06 0.96 0423 0.25 0.15 0 0.67 0.05 0.05 ] 1.06 | 0.20 | 99.61

e BHPEBRNERNRRAPRFTGES S (1981) Wik
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HAtLEmERMBHL, ENMTEBRABEMAR, KXRERELERZRBURREM
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IR RL R W R AR U VE R LU R A B A LA R AN BB AR A B2 R T
ERIS PR R4, RmEE A . BRSBTS pH=6.5 1, #H&—& & iy CaO.
MgO Fil Fe,Os {3 0.4MNaCl + 0.4MNaF + 0. 2MKF WA #EK. XRIUEZRMNFRE pH=4.5
f90.4MNaCl+ 0.4MNaF + 0.2MKF 7k & -

KR RERERBTLRRER T Fe:0s MFeOH TR EE T R F U R 1 Fe:05=
5.93%, FeO=12.12%, RBEHCMHEL-EEFE. B LERTEF1.38 % FeO,
{H Fe:0: BI& B AME 0.07%) B KALRIEABHMA—E &I Fe.0s RIZHIFREE,
A RE{R B A HOTE B

TRALEHAERNGESMRERESERREE D#T. XRRRBRHESEREE
Bie. BREP, ETHEESRNER. LRIEEAH350~6507T, HER B SRS,
BEF1C. TBEH250 x10°~700 X 10°Pa, HIBG C HFRMP-T-VEHEEHFEY?, %
OR8] 24 120 /bR . SERAERE T2 —KFELKRE, BEEESKA 100~120 mg, K
B pH HABERENET.

REZ&RHEAPFDARHRERRENXEHERALE . ERENERKATHREM
RRAE TR FE 247

SRR P, TERMEHZUT I ERE DM, HRoEEHEHRENERE
BAE R R BT M T, BT Z2E—EWBE. EHEENIHRANTHMH,

3 sKEERMITE

BABERRHERYPWEERET. —RATRKBHRREFAEALZRAE &M
WYX RANEALERY, R RAMBHES. BAIEARNREMEDT2E
R EER, SRFRT 5T EAUMNRRATMET: (1)7:350~650 CHIRE
F11300 x 105~700 x 10°Pafy & h T, AR LR 1 PE Rk LUAE 53 & 1L k& (60mg) +Ca0(20mg) +
MgO(20mg) + Fe:05(20mg) &K f1 pH=6.5 1 0.4MNaCl + 0.4MNaF + 0.2MKF 7k &
W, 22T 120 A/PHHERRER, HERFITES, R4 (2)7E350~650CRIR
JEFT 300 x 105~700 X 10°Pa BWE AT, R\ R RIS BB ANRMRKEN 2 aALe
gy (R 2), Aibaifneisalfofb 2R3 B il pH=4.5/90.4MNaCl+ 0. 4MNaF
+0.2MKF fo/kiEik, #H4:7 120 /MM ERRIER, HERRBER4MAES L.

BR BB B mEs Rt T o dr mitie.

3.1 BEEMAZKRTREBRNBET D

FE350~650 C iR FEFI300 x 105~700 X 10°Pa [E h TR A A bR R E AL b th
BTHBSEEA. SEE6. 38R, SBRER. KA. BNA. BEY . BEA. fH8
. Egnln. A, &8, HUE. FEA. £4. AKX, FiRA. SRAMaHT
A2 ERSRTURNEY . BT XEERZR, eNWBHME TFTEERITMX
WL R RIS, OB ENSERRy YN ERMERAH E (LB 1~6), {E0
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Table 3. Data on metasomatic experiments of migmatization in the
Ximashan ore district at different temperatures and pressures

5 = S 5, ” 5
645 350 500 10.0 B AR
656 350 575 7.0 R AR
649 350 600 10.0 Wo, Flr, Andr
616 350 760 11.0 Wo, Andr
662 400 500 12,9 Wo, Mt, Andr, Cal
559 400 6§50 8.0 Mt, Wo, Andr-Gro, Flr
565 420 650 7.3 Andr-Gro, Tre, Di, Mt, Hu-Chu, Phl, Wo
517 450 300 10.0 R EZMWE, BRUAFFY
8§30 459 400 10.0 e ERemE, ARUAHRTY
$34 450 459 9.0 Wo, Andr
542 450 500 10.0 Andr, Mt, Di, Tre, Hu-Chu, Wo, Phi
643 {50 760 11.0 Wo, Andr-Gro, Mt, Di, Tre, Phl, Hu-Chu
666 480 700 7.2 Andr-Gro, Di-Hed, Tre. Mt, Hu-Chu, Phl
651 500 350 10.0 RALE A, ARBAFTH
667 500 375 7.5 Andr, Wo, Can
668 500 420 7.5 Andr-Gro, Wo, Can
652 500 600 10.5 Di, Andr, Mt, Flr, Tre, Wo, Phl, Hu-Chu
661 500 700 Andr-Gro, Flr, Tre, Mt, Di, Phl, Wo
664 520 500 11.0 Andr-Gro, Wo, Tre, Di, Mt, Hu-Chu
655 550 350 10.0 Mt, Cal, Wo, Andr
638 550 400 8.0 Andr, Mt, Wo, Flr, Hu-Chu, Phl, Di
641 550 500 8.5 Di-Hed Mt, Wo, Tre, Andr, Hu-Chu, Phl, Mot
672 570 500 7.8 Andr, Wo, Mt, Di, Tre, Flr,
683 580 400 7.0 Andr-Gro, Wo, Hu-Chu, Mt, Phl, Di
670 600 280 7.5 REERRE
648 600 300 11.0 Andr, Wo, Mt
669 600 350 7.5 Andr-Gro, Wo, Mt, Can
667 600 380 7.9 Andr, Wo, Mt, Flr, Can
657 600 400 8.0 Andr., Wo, Mt, Hed, Phl, Fir
663 600 450 11.0 Andr-Gro, Mt, Wo, Sc, Tre
660 600 600 8.0 Andr-Gro, Wo, Mt, Tre, Di
644 650 500 11.0 Mt, Di, Tre, Wo, Andr-Gro, Phl, Mot

® RTEEN, §OENE R, NENB, RRER: SBED. o LERRL
THELRHRE: Andr—ERE L Cal—HRA;s Cm—%%Ei Chu—fipE# A DI—BER: Flr—H A
Gro— Ay Hed—E8%E L Hu—RE$A Mot—EB#MHM A Mt—@ 0 0l—8 A Phl—&=ft: Qz—
A¥E; SchHER: Tre—BENA; VI—FIIA: Wo—RERKA (X R
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Table 4, Data on metasomatic experiments of migmatization in

the Tianbaoshan ore district at different temperatures and pressures

LkE XRRE LREH LRE
wWOR oK By B OB P 4
(No) o) (10°Pa) (pH)
590 350 500 6.0 RE 2w, ERHAFT S
597 350 700 8.0 ERhEEmAE, EREAFTY
606 375 600 7.5 AR MY, BRULFTS
678 380 700 7.5 Andr, Hed, Wo
604 400 400 6.5 RE AR
608 400 475 7.5 AR RHE, BRUAGTY
609 400 500 9.0 Wo, Di, Hed
600 400 600 6.5 Flr, Wo, Di, Andr
675 430 500 7.0 Wo, Andr, Mt, Flr, Di
676 430 700 7.5 Wo, Di, Tre, Andr-Gro, Sc (7 )
598 450 300 7.0 R, EREAFTT Y
607 450 350 6.0 AEEZME, ERHEAFTTY
601 450 400 6.5 Di, Tre. Wo, Mot, Andr
593 450 500 6.5 Tre, Hed, Mt, Andr, Ol, Qz, Flr, Hu Chu
594 450 700 6.5 Tre, Mt, Andr, Ol, Di, Hu-Chy
679 460 430 5.5 Tre, Hed, Ol Andr, Mt, Hu-Cha
605 500 300 8.0 R RFT B
502 500 350 6.5 Mt, Wo, Andr
684 500 380 5.5 Hu-Chu, Andr-Gro, Wo, Mt, Phi, Tre
603 500 600 6.5 Hed, Di, Andr, Tre, Mt, Hu-Chu
680 500 700 6.5 Andr-Gro, Hed, Tre. Ol. Mt, Fir
681 525 600 5.5 Hed, Trec, Ol, Mt, Andr-Gro, Flr, VI
592 550 500 6.5 Andr-Gro, Di, Tre, O, Hu-Chu, Fir
673 600 275 6.5 A RETY
539 600 300 8.0 Mt, Andr, Wo
685 600 330 5.8 Wo, Andr-Gro, Tre, Flr, Mt
679 600 350 5.5 Di-Hed, Hu-Chu, Ol, Mt, Tre, Andr
682 650 330 6.5 Andr-Gro. Di-Hed. Ol. Mt, Tre. Flr
595 650 500 7.0 Andr, Mt, Hed, Ol, Qz, Tre
ERIR .

3.2 BB REXBBANT I EAE

4 A THEBIAFERERA SLERBRT RN NG B2 5. RIBXE
B R o SR AE - Sy BE IR e RO E A ks 5, RIS HEAT A4 A .

I. Wo+ Andr—Gro® +Mt+ Flr+Cal+ Gan;

. Hu—Chu+ Andr—Gro+ Wo+ Phl+ Mt+ Di—Hed + Tre+ Mot;

M. Andr—Gro+ Wo+Mt+Di—Hed+ Tre+ Phl+ Flr + Sc

O ETFMHEKNTYRRNEXATHOETET Y. EXRE
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Fig. 4. P-T diagram of metasomatite and

iron ore formed during experimentation
on migmatization and metasomatism of
Ximashan gneiss.
1—With no new minerals formed; 2—With
new minerals formed.
I-Wo + Andr —~ Gro + Mt + Flr + Cal + Can;
I -Hu - Chu + Andr — Gro + Wo + Phl + Mt + Di -
Hed + Tre + Mots
M -Andr —Gro+ Wo + Mt +Di—Hed + Tre + Phl +
Flr + Sc
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FR sy P-T B
1—RBRGT Y 2—FRRET Y
Fig. 5. P-T diagram of metasomatite and
iron ore formed during experimentation on
migmatization and metasomatism of Tianbao—
shan ore district.
1—With no new minerals formed; 2—With new
minerals formed.
I -Wo + Andr — Gro + Di~ Hed + Tre + Mt + Flr + Mot;
I -Hu - Chu+Di~Hed + Andr - Gro + Tre + Mt + Ol +
Wo + Qz+ Flr + Pnl;
M-Andr - Gro+Di—Hed + Tre + Ol + Mt +Flr + V1

+Qz

ER=AT W AAA SERLEEERAT. TATDASALTIXAZRE2ER

AELERD RN EEE AW RELNES, o REtANFE. ARAEEALR

BREE. THABRRRENTHEE, E-ENEEMENERANBRT 57 Xh R H3A

MREN. SRENAR AN, NAABY RE K ERHAEMEKTHA, &
BREAHETENERES, SHIEKTERE, TRk TR, FHRARTH

o

Bl 5 R T REWRREFBRY BRI EEF. RIBLRYROABSIET DRE

BEMEDZLHRET, HATE/THE44.
I. Wo+ Andr—Gro+ Di—Hed+ Tre+ Mt + Flr + Mots
1. Hu—Chu+Di—Hed+ Andr —Gro+ Tre + Mt + Ol + Wo + Qz + Flr + Phl;

M. Andr—Gro+Di—Hed+ Tre+0Ol+ Mt+ Flr + VI+ Qz
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FRXZATYIAERE ERFINT K EERFRAYE. TAVHREAS 5T X+
B REAY; TATHREAS STENHBBREAEYRE—3: NATHitts
A 5 K ARE TR XS B o

B =4y fa g s E 4 ERMBT It a4 RS TERA
i, XM TRFERE U -RAEERERaRAtEZR2 T2 SRE, AEREARR
(5 B4 15 DAPE IR 11 R4V BUE TR IR S e S R se 21— B0, IEM T SRR M S8 2
(. AIERNY. T 167 PE AR A LR A 28 T SR ARER T BRI M U1 5 PE R LRI R SR X 4 o4
ol Blix B Fh R AR IR A AL R OR A MG L S A Rk T R R B B AL 2 S e
3.3 BEEHERANTRENSKT LR HSKERER

KRB A P&, R SMRRERS, S®NEFRETHREME, fn
PEER IS (B LA S RIBA AR RETFe 6.1% (LE 1), MMWSH AR A 523240 KBk
AW TFe8.89% (ML 1) JLEEIX S TTA i t 1 Bk i oA 22 18 FgkE I8 B
MR HAEKRPBIEN TX—B 4

LA, B ENEESPET. MRIURRBEG A NFH RS TEARE,
UL pH=4.5#5 0.4MNaCl + 0.4MNaF + 0. 2MKF KiZi& (£ AR A AL ik, 76500 X 10°Pa
JE 1350 ~550 Tl B TEAT AR, A BUA A 2R B el B i & B AR BT E 2 1
MIREIE L2 5 1A 6 o

% 5 7500 10°Pa EORAEMEBE TR BUIRIER
MEZRARAFSRFENEPERHNE

Table 5. Quantity of iron extracted from diopside-amphibole-pla-
gioclase granulite du~ing migmatization and metasomatism under the

pressu~e of 530X 10° Pa and at different temperatures

[ T B R B (mg/D)

SEH SN T sk

(Nla) e (pHD i FcO Fes0; FesO; (1) | FeO/Fu04 TEe
863 330 7.0 10.80 3.00 15.00 3.60 10.49
857 100 6.5 10.80 6.00 15.00 3.60 10.49
258 150 6.3 12.59 2.00 16.00 6.30 11.19
859 00 7.0 20,70 5,00 28,00 1,15 19.58
569 | 250 8.5 224.95 0.60 250.00 174.86

M 5 RIPA 6 TTLLT M, MR 200178 R 58 vh 2 B A 1O Bk B IR 0 T, IR e —
BT T IR A T b I L e R, TR . SR T Bk
ok 2 5 A S A B T M 0 T U

3.4 REENUXKRENSTHRODELERSEG
R R AT B R FERE A YR M. BREE, RIVERMpH.

WL TE DS RS %, N A AR, X E A,
L. BpBussrs #5. BEINEMERIE

34.

YR 5 T R RE BT RO BRE B 2, fEH
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mg/] )
25()’. o|Fe0s 88
200}
TFe

1501+

1001

§0 =

(e}

L 1 1. —1
350 400 450 500 550 600
4°C

A 6 AXRULFTXEREMARNFKBEBE D ERE Fe.0. (&)
ATFe HRBERETLER
Fig. 6§, Variation in quantity of total Fe;O; and TFe extracted
from diopside-amphibole-plagioclase granulite of the Tianbaoshan
ore district with temperature.

‘B A R ABE T, ARG TR EE AR RSENRERE %Y. maSnEXRE
EARLZREHET, Gltn, BRI EESEARBBEGFERY, B TiZ%a b
Ca. Mg #l Fe & &AL (Ca0=1.38%, Mg0=0.55%, Fe:0:=0.07%, Fe0=1.38%),
EBEENBEMELSLELT, REBEAZREDEY . 2ERERBIH, RFE0O g
XA EEETRIMA CaO, MgO fil Fe:0s % 20 mg, AREERSH RALIMHR REf %
. ERBEEEMEEMEDSEASET, BRXZUEER AN S LERS, AL
RS IR, AT Ca, Mg, FeBFd BN R RE MY, XEE AL
Ca0=12.59%. MgO=7.7%, Fe:0:=5.93%, FeO=12.12% 2. B R & H | Ca>* M
Mg Wi IR THEEMEM. FE, AERFUMREIIRREOBRY B P-T Hrh e
A. FEEEA % REEAE450~600T 400 x 10°Pa LA LEEA AR, X &l T Mg? ik 8
i Ca® TG, AREWKE, EHEEHET, Ca* BELRS, BRTEWRE.
HREREBIERRREMET OATHRPOEE, XREBVEATREX—RK. £
BRI ER R, TR BEAN Fe:0: 1RIE, NR0.07%, LHTBHERE, Kk
HRZERAEMEY, RAMA 20mgFe,0s b, ABATRRRIINE R XU T HER S
MA Fe:Os BAXARREMYT HREZME T &, MEEZHLTHERSTH FeO —i
BTEHTELBERE., RFWEKBHSP Fe,0,=5.93%, FeO=12.12%, A& A3
TEREHEEER. LR THED, WA TRRAMBT EESELAE
B, X5RMAERZRERE K.
3.4.2 REEBMEMpHE HEREHRRS. BE. EHMEEENEMET, BEEK
RRAEMGY Mg FREBRMEN pH #. @d&ekxE, RAEKE LEH 0.4MNaCl+
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0 AMNafF +0.2MKF By/KiR A% IR A S L IMEESH 6 & AT Tix Ry pHAR
R, SERE™HEAME. pH=6.5 RXFHAKES T 5K ILEK S BREHEER
W BRI R R AR, MRAFUNRASLE R B 3FE pH=4.5 X fhh
08 £ A R T 28 A PR RO A S B R R T
3.4.3 {MEMETD TEHe&AEN,EIERMED SR RERRT LR Lk,
SRS SRIE AT RN AR LR A A A ATk BT EBTE 350~650 Ty IR Y 300 x
105~700/ x 10°Pa JE ) FIE . HINIE 4 Ful 5 Flit, RREEERE D H TR ET ik
B4, 16l dn 78 500 x 105Pa JE 7 M, M 350°C F 650 CMIM Wo + Andr —Gro+ Mt + Fir+
Cal+Can & —-Hu—Chu+ Andr —Gro+ Wo+ Phl+ Mt +Di— Hed+ Tre+ Mot-—>Andi
Gro+ Wo+Mt+Di—Hed+ Tre+ Phl+ Fir+Sc (& 4 ) MTES00 CHF, L300 x 10°Pa {700 x
10°Palll N1y R H (b B R AW -RA . L AEH RE, RESRZNEMET KL
Btk s Sk

TaE EEEE L. RN 288 o TIEM RS IRA A L SRS, B

FIAIH

(1) FABRR RO PERE I8 R U e VIR, 3R A& U R 5 LI RE ¥R B A M (N4t
KRl a s Afsnk s R i amtel, 78 350~650C fy iR 1%, 300 x 10°~700 %

10°Pa & ) F A1 pH=6.584.5 [ 0. {MNaCIl + 0.4MNaF + 0. 2MKFiE m%iiﬂ'ﬂnrz,’f T

120 /NI ELEFA, TEAE T Sameth . RKZ A A L BORCER 23 S Tk

(2) i EMIlE AR R RE 45 R an“"}'ﬂﬁf-“ AR A Fﬁfﬁl'ﬂ«lo B IEEE
RETRE SR R NS RERT AR BT IR A B REY e, B
PEL-RAD BN TE IR A, HAE450~600 IR {n\so X 10°~700 x 16°Pa d;ﬁéfﬁtﬁéi
PRZ B o T4 715 5 AR AR 0 7E 450 S0 R 350 > 10°Pa JEALA LR TIBEK. X5
FEEE L. RE R MG Kb B S SR -Ra e, B AR R sy R
AR R A T 7 L I SR A A o

C3 AR PHBE 1L R SRR A LA B & Bk 2 TR E QIR A A i J: kTl 6.,10 99~
8.89% . SHUESTW] T 75 500 x 10°Pa "FF1 350~550 CHUTEE P, & k02 i b3
TFe410.49~174.86mg/le eI AL, EEERUL. RELCHHRMAL RS By % job BEE
TOTEEHBRICRE. B TERESSREaR, S8Ry HER K.

Hik, FA1AERBHIND R G RTERE L. REWLFARAILBX G TR, BE—
REBEAZRBREZIRA S, BEXRERIEABET ERNEENDS. ARE, K
R A TR R A o P& ML MG B, BIERABIIMEBEA S, #HEERREMR, &
#WREL, 28N EREATHRRER, ZIREEED

AP TIEHE], BRBREILEMT BE =R ILE R TR, E—iRAAR
B BB AR R LRIFO MY, fElk—itRngill.

Tl
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EXPERIMENTAL STUDY ON THE FORMATION OF ME-
TASOMATIC ROCKS AND IRON DEPOSITS IN THE

PROCESS OF MIGMATIZATION
Liang Xiangiji

(Institute of Geology, Chinese Academy of Geological Sciences, Beijing)

Abstract

Basad on field geological study in Ximashan and Tianbaoshan ore distri-
cts of Heilongjiang Province and Tongbaishan ore district of Henan Province,
the author made an experimental study on the formation of metasomatic rocks
and iron deposits in the process of migmatization. In the experiment, the inte-
raction between weakly acid migmatzed hydrothermal solutions and Archean
ferriferous metamorphic rocks at the temperature of 350~650C and under the
pressure of 300 x 10°~700 x 10° pa extracted TFe 10.49~174.86 mg/l from these
rocks, consequently forming metasomatic rocks and irom ores in a weak oxida-
tion environmeat. It is shown that iron in wall rocks served as the major iron
source for mineralization. These data convincingly demonstrate the existence
of the following evolution pracess: Ximashan, Tianbaoshan and Tongbaishan
areas were in a neritic environment in Archean, and iron was first concenirated
in such sedimentary rocks as dolomitic marl, which afterwards formed ferrife-
rous diopsidite, amphibolite, gneiss and granulite through regional metamor-
phism. With the evolution of the crustal tectomic movement, migmatization
took place once again, accompanied by metasomatism. This led to the skarniza-
tion of wall rocks and, as a result, iron was released from these rocks and re-
conentrated to form ore d eposits.



