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The Metallogenic Environment of the Xuanlong-type Iron Deposit in
the North China Craton: Constraints from Geochemistry and Silicon

Isotopes

Abstract The Xuanlong-type iron deposits formed during the gap interval of Precambrian
iron formation (Mid-Proterozoic, 1.8-0.8Ga), and its ore-forming environment remains
ambiguous. Previous studies mainly focus on iron ores and their host rocks, including shales
and dolostone. This study conducts comparative geochemical and silicon isotope studies on
(ferruginous) quartz sandstones and iron ores, which was used to trace the provenance and the
intensity of weathering, thereby facilitating further discussion of the formation environment of
the Xuanlong-type iron deposits. Both the Xuanlong-type iron ores and the host rock
(ferruginous) quartz sandstones in North China Craton has high Chemical Index of Alteration
(CIA) and Plagioclase Index of Alteration (PIA) values, indicating that the source underwent
intense weathering processes. Chondrite-normalized rare-earth element (REE) patterns of
ferruginous quartz sandstones are characterized by enrichment in light rare-earth elements
(LREE) relate to that heavy rare-carth elements (HREE) with negative Eu anomaly
(Eu/Eu"=0.65-0.71). The silicon isotopic compositions of quartz in (ferruginous) quartz
sandstones are similar to those in iron ores, as well as those in quartz from granite granitic
quartz. This suggests that the detrital quartz grains in both (ferruginous) quartz sandstones and
iron ores may be derived from the weathering products of Archean granites. Both Fe and Mn
are present in the cementation of (ferruginous) quartz sandstone, and MnO is positively
correlated with TFe,Os3, indicating that oxidation occurred in the marine surface layer during
the deposition of (ferruginous) quartz sandstone, but the redox interface is very shallow. When
combining with previous studies, we proposed that multiple oxynenation episodes may take
place during the Mid-Proterozoic, which led to the absence of large-scale iron formations
during this period.

Keywords: North China craton; Xuanlong-type iron deposit; Geochemistry; Silicon isotope
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JTEE T (I8 ALHE~8 ML) KAEMENE, AaiiiBegE, WHPIN
FHERFF# (Boring Billion) . ZkEIE R %I I KEFK, LR AN 1812
AT AR, T8 P RAEEAIE L Fe (OHD 3 BRARTTIE, K+
VR IR R/, AR FokiE 2 (Holland, 1984). Rl sl Ny, RE
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b hm LA 38 ACAEMI S, A H T 2 TR F o, 8 G R R )
REGRRLL G LIZE) CRBE, 2011 HERE, 2019, EdbsehisEktiix
FsE, HAEAMBERER, FHEENT =RE. KIBEARE RS EED,
PARE LI ER VAL B A R N . XIMESE (2025) A Al v s 04 ki
RAEFREAR (225 29 @il BAMMEUE PG TN, RAE LI hE
P R BRI B, A A A A AR s v, U “ = ANES)
w7 A OGS E RIS M IS, SRAHE (23.5~20 12
) MU r-3G AR RERE (20~18 144F) BUMIERT BUHR, BUBR— N5 —HIHA,
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T 17 ALAERTE RS (B 1), #IL A= HTTRE REH 18~16 LFERIK
WHR 16~14 (CFRIEIE R 14~10 LRI R A 10~8 {LAFIIH H H &R

KR VO TR d -t ol AR s 2R b, 12 5 ) s M 4L, &
VAL B TR (B b, TERndRRI, #IC 2HhnTae 5 dhs
ANEAE, MR FATEALEURIL T A (Lin et al., 20190 VA2 T 3 AT
TR A FBR S N E, B CLER G- R OB b 5 D 5 4, AL 2
VAR BOUR . ISV R B bR EE (RN, Ans. BET
AN E R, s 1R B R RREFA B4 (I, Lietal,,2015; Lin
etal., 2019), [l ZANRLLIE AL H KB K 1L 3 W] BEIG 736 R R AR 1) e 4
HPNVA LN B I RREE 5 AR 1673Ma 18 5 2 bR 1 38 L i X VA 2L )
JIRIHF IS o HR I VE 2H gl B3GR AR 00E, L9 (R R IR SR, R
IR FE N E S, SORRRES . KA RMTRE (5 1625Ma
ks R #ERNT R BT REAEREBHAEAARE (B84
1577Ma BT Z), MEA T RIEWAHEL ORI A, RIS
FEEEAMEMA A A, BK T R e 1R P55 (14 2 Sk A0 05 A
Hzs, BRIRARE GBS aMESEAAsRKE (11 1437Ma KRR
ERE) . ) LR Sy R s (A Y 1366Ma Al 1380Ma H#E
KA WHANFFE R HA BI04 1638Ma IMELEARER N, ZukiLd
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L 1320Ma IEME SR IR (FhEEE, 20240, FH H N R UM E M IUE R E,
P 55 DX A TR DA R S TAR 9 iRl (Luo et al., 2014; Li et al., 2015;
Zhang et al., 2018).
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FE TR ICRMARIEM L A O D FIRA R e, FEICEFH
XRF HREQGNE (AB104L) , HAESAGFRAE: 200 HFES 105°CHET 12h, FR
27 1.0g TR SiE EF A, 1000°C S 371088 2h, A HIFRE Bk &
FERRBIFEA . FEGh . EAFIBEHE S, 1150°CREFE Rl 14min, 4 &1 /5 B
WM, REEERT 5%. AR A AR IR 2 i (RSD<10%) , FRIEX
BFE 0.1000~0.5000g (FREEEALAE AL S EE) TRMUFH T, A
SRR AR 7 FARE &, EAR IR AR VIR S ek & . M Lc R R A
JECHE A 25 B8 T4 5 % 4 (ELEMENT XRICP-MS) M, 5380 T« #ERGFREL 0.50g
CKSTAZE 0.0001g) 1 B4R T, N 5.0g BALE, RAE T 58 TP RE T
% 400°C, TR¥F 0.5h, WOIFH 1718 SiFa#ERGEH, II#AZE 650°C, fR%F 1h, ¥
HEHUH, &M ¥ Bk fE MR s A S 3-5g iU, 5 ERmE
TEIR, BT OINAE 700°CH S Bl bRl 15min, BCH A H S B TR
H, FRUKIREL PeR et & # Smin, M/KZE 100mL 47, FE#EIEACEE,
FEEAL B (1+9) Mg 4k 5 1, FA/KBRIELR 5 70, £ U8 F#GERIR (1+2)
MPRUTE R, FHAUKIEIEAR 5 I BTN SmL A H (2mg/mL) LA
B He B S MES 4 )R U R KR PR, A2 100mL, KA 10ng/mL ] '©Rh A1 ¥Re
B NER AR, RAS/SRHE-KED B EBRAN K2 5 T4, &
ICP-MS 52 .

Si [ R MNRAEAZ LAV AL TR T e B, SR T AU A 6 3 523 43 A
2%, PIRUTE  AEHIFERE B AL B 10°Pa B KAT T, 54005 1 TLs AL IRAE 500~680°C
TR ST TR 14 /NI FTUKS RS . AR A2 VR TIHEAE ) SiFs 24k
B WK, FH MAT253 SRR 2T RS /AR 56 19 Si [RIA7 4T pk. &4 3
LA NBS28 Jybnit, 12 8°Sivapsase TS T£0.1%0. HERINZ RIRHESE IR
N GBW-04421. GBW-04422 A 3ihrifE, o 8°Si 73 il /& -0.02:£0.10%0 H1 -
2.68+0.10%o.
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FEITTFEMALRNE 1. (FP ARDE N Si0r F &R IEHELEK,
T 75.90%~97.95%2 [A]; TiO, {1 & & LUK HARRIE Bl /T 0.01%~0.16%
Z 85 ALOs FIEENT 0.17%~2.09%2 [A]; TFexOs MR K, T
2.73%~20.88% [A]; MnO H) & &I HEEN, T 0.09%~0.26% [7]; MgO
MEENT 0.03%~0.35% 18], BAJEHEE/DN; CaO MIARMIERMEN, NT
0.02%~0.05%2 18] . HL22PARTER (CIA) Ay 52~82; AHKAMATER (PIA) A
75~100; fL2ERALTERL (CIW) A 83~100. BEAL, FRATUCEE T BT AR RS A A
FOREE A R RMAS R, HEREEIREA A CIA 5 74~78; PIA A
92~98; CIW N 94~99 (& 1D, BEIREH A+ CIA N 71~85; PIA ¥ 86~100;
CIW 4 91~100 (% 1),



T E X S BRA TR A AR A EET R BRI (wt%)

Table 1 Analysis results of major element (wt%) of (ferruginous) quartz sandstone and iron ores in Xuanlong area.

P FE i g5 i SiO» TiO2  AbLO;  TFe03 MnO MgO CaO NaxO KO0 P,Os CIA  PIA CIW
1 YTS-20 ETHRED S 7590  0.02 0.31 20.88 0.26 0.35 0.05 0.01 0.02  0.02 85 90 90
2 YTS-27 YA PR A 93.35  0.01 0.17 5.74 0.10 0.07  0.02 001 0.02 0.0l 76 82 84
3 YTS-50 YA PR 8524  0.03 0.28 11.91 0.25 026  0.03 0.00  0.19 0.2 58 100 100
4 YTS-51 THRED S 93.06  0.05 2.09 2.73 0.09 0.03 0.04 0.03 1.64  0.03 53 76 95
5 6-117 RNV 8.55 0.10 2.05 76.46 0.18 1.56 0.50 0.01 054 025 77 98 98
6 6-118 RNV 8.87 0.08 2.12 73.55 0.23 1.78 0.67 0.04 0.55 033 74 92 94
7 6-119 SRR 13.00  0.08 2.28 75.03 0.10 0.77 047  0.01 0.57  0.23 78 98 99
8 6-120 RNl 8.52 0.08 2.12 73.58 0.23 1.80 070  0.03 0.54 037 76 94 96
9 6-121 RNV 9.06 0.08 2.11 73.00 0.22 1.74 0.71 0.01 054 036 77 98 98
10 6-122 IRVl 9.84 0.09 2.42 73.68 0.20 148  0.61 0.03 0.62 031 76 95 96
11 6-124 iR 9.90 0.11 2.69 79.20 0.20 0.83 050  0.01 0.65 0.8 78 98 99
12 6-125 LIRNZR I 11.07  0.08 2.09 72.85 0.11 1.14 0.63 0.03 056  0.30 75 94 95
13 6-126 LIRNZR I 8.64 0.07 2.09 76.97 0.18 1.26 0.76 0.01 0.51 0.43 78 98 98
14 6-127 LIRNZR I 21.73 0.13 237 65.17 0.04 0.51 0.61 0.01 059 020 78 98 99
15 6-128 LIRNZR I 6.54 0.06 1.77 75.66 0.28 1.97 0.57 0.03 042 027 76 93 95
16 6-129 LIRNZR I 8.45 0.09 1.96 75.52 0.18 1.64 0.67 0.03 048 034 76 94 95
17 15SCK-5-14 R A 1402 0.12 2.02 81.19 0.00 0.13 030 0.0l 030 025 85 98 98
18 15XY-1-3 R A 1376 0.09 1.47 76.89 1.33 0.21 022 004 037 035 76 89 92
19 15DJG-1-1 R A 1465  0.19 2.68 78.39 0.06 0.19 024 0.3 070  0.24 76 95 96
20 15DJG-10-1 Ry G 1074 0.16 1.99 83.12 0.06 0.10 037 000 045 030 80 100 100
21 15DJG-10-2 ERET A 1134  0.14 2.15 81.24 0.21 0.11 034 002 051 032 78 96 97
22 14MJY-DCS-5 Ry G 1473 0.19 2.43 79.08 0.08 0.19 000 008 078 022 71 86 90
23 15PJP-A-1 R G 2222 033 3.23 67.57 0.24 0.15 022 0.2 1.04 037 74 97 98
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VE: Hif 5-16 SREREIE SR E Yang etal. (2024), 17-23 SHERAEHERE THMA LR (2019,

HHEARN: CIA=ALOy (ALOs+HCaO™+Nax0+K20), A& T H NEE/R 203 (NesbittandYoung,1982). CaO*{UIRRERE ERW M) CaO & 8. A LHYE Fedo et al. (1995)
A Bock (1998) 2RI J7ETHH CaO™, BIRHE Fedo etal. (1995) M5k LBREERA I Ca?* )5, FIARYE Bock (1998) F#Ri /52T CIA EHITH . BE CaOr fAFHFE M LR
WA JE I CaO BE/R &R, 4 CaOr>Na20 FEHf, Na0=CaO*, 34 CaOr<Na:O & &I, CaOr=CaO’,

PIA= (ALO3;+K20) / (ALO3+CaO™+K0+Nax0) x100], ZIoEHKLINBEI/RH /% (Fedo et al.,1995).

CIW=[ALLO3/ (ALO3+CaO™+Nax0) 1x100, FILEIEINEE/RE 54 (Harnois,1988).
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i L Te B MRS, RN 2. L BRRL A PR A 5 (Sun and McDonough, 1989),
EIVFRA AR S SR A AR T R RFAE, (La/Yb) N 2R AL TE A 3.95~11.60, o

Eu 1] W B E (Euw/Eu™=0.65~0.71),
%2 ERHIX (B8 AT TR

Table 2 Analysis results of rare earth elements of the (ferruginous) quartz sandstone in Xuanlong area.

FEn S 1 2 3 4
FEmd 5 YTS-20 YTS-27 YTS-50 YTS-51
La 27.00 9.28 19.40 60.76
Ce 25.00 8.66 16.83 59.31
Pr 19.68 6.42 12.11 44.11
Nd 17.56 5.57 8.99 33.83
Sm 13.73 4.18 4.90 19.48
Eu 7.76 2.41 2.93 10.69
Gd 8.13 3.26 3.80 11.68
Tb 6.95 2.94 3.48 9.63
Dy 5.59 2.44 2.91 7.17
Ho 5.12 2.30 2.65 6.36
Er 4.77 2.24 2.48 5.68
Tm 4.71 2.35 2.35 5.49
Yb 4.59 2.35 2.24 5.24
Lu 4.72 2.36 2.36 5.51
REE 39.77 13.91 23.88 81.34
Eu/Eu* 0.71 0.65 0.67 0.69

VE: SBu il I E AR T : SEu=2xEuv/ (Smn+Gdn), 8Eu=1 N4, SEu>1 NIEFH,
SEu<1 N7 FH .

FERI A7 R IMREE R WK 3, 4 S P S 5 A S B ) Si RO R AL
0 H-0.3%0~0.1%0, “T-IMH H-0.1£0.14%0; 5 FEEIAR ARERD A A JL AR M) Si
AR R AL TE ] 9-0.5%0~-0.1%0, ~F-IE N-0.24+0.17%0; 5 FFERARERD A A
SN Si A7 AR L N-0.2%0~-0.3%0, “T-3I{E 4-0.22+0.04%0, S fifi’lR

PRGN AT A S AT ) HE AR — B
23 B M X E A SR A IR A oA 5 Si (R 2 A IR
Table 3 Analysis results of Si isotope of (ferruginous) quartz from quartz sandstone and iron ores in Xuanlong

area.

FEfbS  AERgRS AR A= 25 5/%o0 FIIME/ %0

1 YTS-20 AR FYCRTRAE -0.1

2 YTS-27 AR FYCRTRE -0.1
-0.1£0.14

3 YTS-50 AR FYCRTRAE 0.1

4 YTS-51 AR FYCRTRAE -0.3

6 YTS-38 A¥E ERIREA -0.1
o o -0.2440.17

6 YTS-39 AT PRGN A -0.1



7 YTS-49 A ERIREA -0.5

8 PJB-17 AEE ERE A 0.3
9 PJB-20 AEE EREE A 0.2
10 PJB-24 VEE S - SN R E) 0.2
11 PJB-28 VEE S - SN R E) 0.3
12 PIB-31 A EREE A 0.2 -0.22+0.04
13 PJB-37 VEE S - SN R E) 0.2
14 YTS-37 A% BFREE A -0.2

5 Wig
5.1 YR IX R AL 58 E

122l AF F5 %50 (Chemical Index of Alteration, CIA) J&VFA A A MALFEFE )
HESEPR (Nesbitt and Young, 1982), H CIA F8ECAZ A FAE AR . CIA 7E
50~65 Z [AFE R MAL R FE 555, 7F 65~85 2 [A N2 RALSRE, 1F 85~100 Ff 3
BHZ T 1 5 A RAGAE F o B7F 90 X P SRR ALt 1) CIA {HARAGTE FEBOR, 2 53~85.
K20 & & H AR (0.02~1.64), R H A ] 1 53 A AUEH (Fedoetal., 1995).
FHCA AR TR AL (PIAD @ AT AW 2 KA L, (HRZIREBAZ A
(RIS . s I FE R TR, A (N e D T RTE BRI, B A
KA B o ARG A e i s 5 R B ) PIA . (75~100), KB
AL T AR SR AL RALAE F . Harnois (1988) 2 H4 T FH Ak 22 KUK 5 5

(CIW) HI5E RALIREE . B4 TUA R CIW 850 85, Bmif CIW {H /R
U RACAE R« T 7 X P & o 96 mb 5 1K CIW B3 R (83~100), ME/RUEIX
S0 T MmEIRAAE R . A, SEERT AR, THERR R AR A PIA
92~98, CIW A 94~99; BIRFREH 11 PIA N 86~100, CIW A 91~100, [HA7HE
WA A4k, BRIV TS Al H oA B A B = 1 PIA AT CIW A (Yang et
al.,2025), BB RIS AIEIXE P T mEIM A E RAAER . tbsh, #dbsmh
RS R WA T T B2 KA PER, R UIZ b ve i 2R T SR ZI
RALAER (Yang et al., 2025).

5.2 Y5 DXRHIE
AR U S A TR X 20 #1, Taylor and McLenan (1985) #1 McLennan
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and Taylor (1990) 5T\~ REE e S AR X A A2 . REE A2 AfE
FRZm, {EDURUS WA OIS AR, B an RS v shE i R B L P 5 1
YIJRIX ) REE 4 i —#f (Chaudhuri and Cullers, 1979) . AR AR 4 &84
RS A BN B AR S . BOR B LR A B B LR
B ot (B 3D, (La/Yb) n=3.95~11.60, 518 FiH A LAl s
B IRIX AR o BTN 7T 3 B BB VA 4 A SR B R R B 25 24
185 AZFEPIA IR IUAE (B34, 2022 5KJETHEE, 2023), X F 18.5
CFRIER AR E, 0Egha s E&# Lo RS 54w hng TTG
BAHLCE 4D, 3E— D W RIS A 08 E 2k [ 25 {0 A A b e hn@E X TTG.

RHCA I 4L Eu (Bhatia, 1985), K TTG A W Bu 1E5 W RFIE, 110 S e
X &8 JEib 5 Bu I 57 IR T IR X YRS K AR & 07 T R I 7

fitt o
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A HHTTG
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10
l lllllllllllllllllllllllllll
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
K 4 5 X & E8on senba i T on R A ok A An AL L 4 B (BRRIBR AT 5] H Sun and McDonough,

1989)
Fig 4 Chondrite-normalized of (ferruginous) quartz sandstone from the Xuanlong-type iron deposit

(Normalization values of chondrite after Sun and McDonough, 1989)

VE: R TTG M 7o BRI T RR S (2024).

AT AR, KA 8°°Si fH AL VG N-1.0%0~-0.3%0, UE(E 9-0.7%0, -
B -0.63%0, BEAR T E @ BRRL A 11 87°Si “FHAME (-0.5%0); X1l §%°Si
{EAE A T N-0.7%0~-0.2%0, “FYME N-0.5%0, % B2 11H 1 8°Si g T %
H ARERL T E K A AR P R R R A R A AR 80Si fE
AL F-0.4%0~0.4%0 2 [F],  WEAE N-0.1%0, “FIMEN-0.12%0 CTHF, 1994), K
H PR AT LU 8°0Si E @ F N Ul B anat AR =0n] i 61X 5°0Si
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AT B N-1.9%0~-1.2%0 (Yangetal.,2019), ¥/DJA%ZE (1993) KA 7 5 K%
Hh X §30Si AR Ak 2A-2.2%0~-0.9%0, 1T 2K H KBl 53 VAL 1) §30Si 1 A8 1411 Bl 4
K (André etal., 2006) . A Frill il = S8R o of SEib A TR Hh A ik )
P A= (B 4, I HEEKE Poa ek RN R WA AR —3, R T A%
IR A A S ok B T AR R B UL, R VR X AT T SR EL K
WAE

B S4%axps B SRERT O BRE%D

-0.7 -0.5 -0.3 -0.1 0.1 03
8°°81 (%)

5 BB X S B S A MR A S heE R SR ALK

Fig 5 Isotopic composition of quartz and silicon of ferruginous quartz sandstone and iron ores in Xuanlong area
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Fig 6 Backscatter photo of the quartz sandstone from the Xuanlong-type iron deposit
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Fig 7 Scatter diagram of MnO and TFe20s of ferroquartz sandstone and iron ores in Xuanlong area
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Kk, MnO Fll TFe;03 A WAHSEHE . Mn B IR F AL H T Fe, 38 752 H H
% (Glasby & Schulz, 1999), Xt — S~ AFER A TURN ARSI 7 H B
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WA PR S R AR T WAL, AAIE SR ST INTAR , AT REIE BITRFE M/ (Yang
etal.,2024), X AR T E NG PIRAL b [ A 52 A FBGE S 0 7 4
Ak v Hr 3@ o B H TR B T 4 (94 Zhang etal., 2018; Shang etal., 2019)
BRI ZH (Hardisty etal., 2017; Weietal.,2021). FLI&2H (40 Tang et al., 2020)
IAFFT, KIAE 15.7~15.6. 14.4~14.3 F 14~13.6 {L M FAFEH RIGEI R,
R TAREERAE T 2 K A, PG T Bk iE KRR

6.2518

RILEGTNTTL, S E R CEE A oemba Mgy At g 1 kit
R FALRBETT, BRI AR LR

(1) Hedb e hniE B R Uk e H A 1 BoRR =) CIA (53~82). PIA (75-
1000, CIW (83-100) 18, FHHIEX 2P 1 9w 2 XAAE -

(2) TR AR FT T, RATARE R (B8 A
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(3) b rehndE B Y TG KR R AR T8, Zaar A
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