e MRS SRS

KRS E: 2020-04-15 | doi: 10.12029/gc2020Z116

HEIRR: 2020-06-14 DI RAW, R, B, I, B2 S, AR 2020, A4 Z ) 1 : 50000 HE E
SR (D). BRJE, 47(S1):173-188.

R ;‘éﬁ%%%l)ﬂ%i&: fE s B IRk SRR A R4 K, A, %‘é%f;i AR EME; bk, B UL
FREET EE (HEE | AL, TN A0 XM, T SN 8 1 50 000 MR B A8 R (V). T84 3R A & R [ Ol ],
2. DD20160043) 1 “gag | 2016, & B 3 FAH4E [ 44 4& ALAf ], 2020-06-30.10.35080/data. A.2020.P16; http://dec.cgs.gov.cn/en//geological
£1:50000 8+, =JI E Data/details/doi/10.35080/data.A.2020.P16

IR E S (HE |
%S . DD20160043-02) Bt !

A SIINE 1 ¢ 50 000 MR ELIER

Roam” s SRR HEsi
Zag' Zmw' g
(1. T AR LR, #é #M 450001;
2. BB R AR T RANAEEEEE, Md AN 450001)

EETE: FEMEASRY |

. 7T d 4 =)0 % (149E013014)1 : 50 000 3b i B8 $ 35 & 04 238 R R A 52l Fe 20 F 34
FiRRAR, T MBEREI R P EAME S MAE, EEHARRRARRIEEXARE
fiwg Rk, RREENR 6615, 285 BALFHAS 180 4, FMZEMF4R 194, L
oA 214, AR ERRRA: AWEHEAI G ELIS R IR HARAL
%, BERERA R, EREREILBREKDL %5 & B, 37 RM 2L EH%
EAAP RN BT B D EA, HEBANGER BARAKLE, BT
TR BB ERHGRTHER R, EABRHIAL R EGLBRKL N 58 E3F, R
BT R FEXMRARTEGL,; K P ARBABX A SAMIAIK; BET
TN A AETEAER, TPAR, WPARIPED; AR AHFLIEZLLZKR
W, GRBFEORIFEAESARARARER, BT XL E, KEZHH 63.5MB,
R4 F WY KB R GHIFH ZRETA, HZRF FHESTL. WAREGE. &
Vi L R AT ST 5 3 T AHE S AR R R AR R AE

K R, A 1:50000; =), ey; Ald; AAS IR
HIEAR 55 Z G M L : http://dce.cgs.gov.cn

1 5§

TREE =g 1 = 50 000 Ho 5 e XA T RE A4 PH R, HbAbAEIUAR B R 2R =1 Tik—
K5 R BH S — AR W 22 18] (5] 1), DAZE)I IRy R 2, ma il b 2208 s 1Ay 4-
Bz SERPyINR 25 (5K 745, 19915 5K53IE 45, 1995; BIAAEAE, 2003), JLEFAEdutld
PG Z 3 pPHEB R TE Y (1T P 4 M ST A e, 2013) 0 TR RE 4 =1 NI IXFE =Bt Ak
ZIGTERE SRS, & F & a5l ke G # (KRIE4E, 2019), 7 F H 2281 Rk
ZURA I H (F1 4809 45, 1996; ] [ 8145, 2007; H [ M5 3 25 J5 R 53 25 o, 2019);

H—AEERA: Ram, %k, 1970 F4, AN, AFRXBHAF FAET4E; E-mail: 623337069@qq.com,
BIRNEHF A AEE, B, 1965 54, KRB HL, NERBWFAEHZ; E-mail: 571950946@qq.com.
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v R 1l ST =) 481 : 50 0005 B £ 45 &

GEOLOGY IN CHINA

* BRI ) 2
* ZBURR N B I l
Bl USRS R
IR 1 — BRI, L—RE T ALY s L bR R RIS L — LR S it
B, T—JLZRUTE LA s 1L, —JE IS A s 1L — — BB AR AR A IR A s 10— Ly BT A o4
Wy I R EARMESR A s s T LI Bt CGEARRA TRAE ); TL —HOP— il (RIF) D i
gt s TI—FEZRUARE LA 5 T —BEIS PR e by PR Hes T, — )11 L2ty A R R A s TV—r
HEAR L B A

R AR R o TG B B 2, 76 R AR R Bl RH B DORR T BB L BV R (S O

2007,2009); HJF, HRKZD; R A AR BT SC PR 1L . — S 20 WMV G A Al

FEE L ([ M ST A7 Joy R B A5 s, 2019) RS —H L ASEEA R IL R INE
A P o eyl S i AR A T A A A 2 I b SRR T A Ry (B 55 05, 20185 ] 2), R
T XN ARG SRR,

TEEE =) X R A AR 5E 46 T 20 tiE20 30 451X, 50 4EARIF IR T4 RS Y
HUFE A TAE, eGP T 1200 000 I T84 . 1 : 100 000 Fi 28 S I 4 |
1 : 50 000 AUREMIHE . 1 2 50 000 /K RTUBRPII i . IS8 A 19 L AL 1 2 50 000 [X.
BB F AT . 1 : 200 000 F7IIE . 1 : 250 000 XKML TEH A . 12 50 000 777
PMIERE M ARG s[RI, AR SHZ B IX )2 | A B BUR B R L R 3 SR R
B IR S S AT T R EEAIRSE (BT A4, 19805 BHERIAZE, 1991; KAl i,
1999; 237755, 2006; FES0HTAE, 2008; FlifA4ESE, 2009; Yang et al., 2013, 2017; Hr [ 1 5T
A J R b T A ey, 2015, 2019; FFEE 2016), % SEHT I TAE ARG =)IIE
1 = 50 000 b5t ¥ i G il & 1L T B A FLAIPE BORL . T2 X LTGS2 A, —Suf)eE
[ HHAAEE L, EEETN T SEIARE C PSR . 281 W3ty SR IR IR v o AT B
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FTE Z 181 ¢ 50 000 2035 & R R F SR T AR

I (1 )

P T Y e Pt
A W AWM o] P 5 o

B2 Ama=)lXitmREE
1—5R; 2—HEER; 3R RMIEEE; 4 AN RENNEE, 6B REFEOR,; 6o—KIREERFL
H; T-MRP AR B S—ABIE KRS ; 9— SR KRB ; 10—ZPRRIERMERIES; 11—
BER RKAERBEE ; 12—/ NPBRRAR B A KA 13—/ N PERRA B m A KA, 14— 4=k
A 1SRRI IERIES; 16— IERERPES; 17 BR AR KAERS; 18—ARIEKEEE;
19—AT KBS ; 20— HAZBRAIKIERIES ; 217BBKES; 2 PRgEKE; 23—Ka
TRMABES; 24— MEakEy ANk, 25—k, 26T ; 27— BB, ; 28—&MA; 29-ZFILA;
30K IHE A5 31 AERLL; R2—TITREENE; B3—AENEEGNE,; 34— RAEMAL; 35-1ksh
BARL; 36— AR L 37— . —HUEHoTH R, 38— TWi . — Wi, 39—-1EWZ;
40— T2 KR A1 —P R 42— R EARAY; 43— BEMATY; 44—BIMEBT UMY 45—kilid

BRO7IH . e (1) X SEEEE AR AR AE R, 502 5 A H 8 T rh—# oo i 4R
(PG L 7 )5y, 1989; TR A 72T, 1997; 3K %) 4%, 1991; Dong Y et al., 2014; 5K57
TAF, 19955 [F1 40 A4, 2008; 5K [EATAE, 2001), HAb~A2 AN &8 T3 o AR—Fhal AR AR
(Rl FAAF 5, 2003; 5 FL AR 4F, 2010a; 227K AR 4E, 2018) LR B A A (5% 4%, 2009),
(2) X FEFEARERIE A BN —8, — P e A B th AR R R 125 B
L OEPRIEIE R (BURIE SR, 1988; 5KA7)4F, 1991; ES3E4F, 2009; 45 TLAF 24, 2010a; Dong
L ct al., 2014), — TSN HIE TINE 2dh (BFS4ESE, 2003; 3540, 1995; ik 7 4,
1991), A —FUL A K 8 He LA e Sk p Bl 2% KORG8 A8 (1542 A4, 2008; 5K [E
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T E =1 50 0003k /5T B 438 2

uuuuuuuuuuuuuuu

64, 2001), (3) MITRERI TS MR B, 5 A Vs BEIR T 2200 v L 4 e — A |
R (TR T B, 2002), 5 AGAK R TH LR 4 1 B B B AU O |
A T 25 152, 2013). (4) S BV RERRE AR 05 S T AR AR P 58 P O UL A T (|
SRR, 2007; T, 2000), T TR K2 AL IR AE) X 0 e 2 BB |
Wi (5) RN ALO G B B I i, A7 0250 M VAL SR T A 21
(TR HUBR™ 7 T DX el 30 A, 1995 Tl g 4 i ST 25 52, 2002), 78 BB TS e g L
LA 2 T (e T 58, 2000; 51 40 T 25 52, 2013). ST DL E MR, A |
Vb R TAELATAAR B e A5 S, SRISSS A MBS, S |
BRI, SRR T R AR E B Bk, U8 T AR, S |
HRPE (4 15 ATARGE%, 2020) 4 IR O IK BT — 50 IR0 7= Vel B RMBF 1A% oh A A G |
SERORL, VK EFSM T A R RRR IS 25 YR, AR SR PR |
A HUTRCE PR | AT A S | s [ AR A5 B R M R P :

®1 WHEE %) THEENY

%*H ik
a4 Fr TR =R < 50 000H: i ISR %
O E ST Prsde: (Tafl, ZRF5H, FESCHE, RIS R A B
DIRUEZS: BPRR, 25, MBFpE, W R
KUZAZE: SRBR, BURST, PhERR, R R A
BAAEZE: Ram, T/ME, 2 8, WEHEEE b
ARFRASE: WK, 2B, XM, TR A bR R A e
B st [ 3 2016—20184F
i H X 45 HIFHARAR: K28 111°15' ~ 111°307, db&h 33°50" ~ 34°00'
Haig =X MapGIS
G 63.5 MB
BHERE RS MaE  http://dce.cgs.gov.cn :
HATH [ A A R R A < op S —RE R L X MR P A (W
% ;. DD20160043)F1 “JEE41 : 50 0001 LA . = JIifg X St w7~
A7 (W H%S : DD20160043-02)8k 4% '
R i :
Bl PSR 4L 4 15 50 000H R P BRI i, b B PE PR TRE . il RA |

HBBCH L CBEIAR . BkA . MK HBRRL . PR R R AR
W AbARES . Jalid E S MRS D | B WL K
RS s PMIRIRIERR | ARRIE L RACRIEARI A . BB, BT
W KR E | SHUERS |

2 HEREMETE

21 HiEEE

TG =R 12 50 000 Hb 5 A #4 HE ¢ X el B 8 A S0 (12 50 000) ) (DZ/T0001—

1991), €1+ 50000 X 3 4 5 TAEAE RS (AT, 2016)), EFAUIE . LA TR |
FHCAT D P PORMER (5 2) 1, ARSI . KRG 3h Jy2 RO A i 3 |
T, MK RIS e T, SR B AR (RS), 2RR TR EM RS (GPS). |
HIEME ERSE (GIS), RIS HIE (PRB) HoRJrik, b THt— LR Jettiipty |
e B AR TE L S ) ok o ARV S AL TR S 2 . ORI S 500, B |
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FT B Z 181 50 0004 B 245 MBEMFHRETE

DOMLARAS G L A S SRS R N, SR ARG A Ty 35 B X R S
TR, RO P R 4 I R TR P 2 R PR ) (DD2006-6) B (1 ¢ 5 T3
IX Sl bt J5 [ 2 ) 50 P (9348 ) B St 4 0] ) (2008) ALK, b 3RS IR HH B 53 22 Jrg
BoRT LR, N C A AR AR E R IE R S8 (DGSS AR 1.0) & MapGIS 45
AN T R A

F2 Z)IRMIEEMER

P HdEgem EAC/ AR ORI

1 HUFJEA 1 : 200 00025 1] i (149-X X Hb T 45 T8 H T R 220 T A, 1958

2 XIRPHE  BPEHLIX T : 100 O0OMLREIIR AL A LS Mo B 44851902BA, 1960
PRI B R

3 IR BPEHIIX T ¢ 50 000 o BSR4 2 b JFHRHR JF903 A, 1966

4 XA R AR E =GR X K R PURII [ 52000 558 4% KBA, 1975
R RS

5 HFEA 1 : 50 000451 g il X b SR A 4R 10 2 Hb R — A, 1977

6 WA MIEA R B =G XA R ENER T pa e M T e i —BA, 1980
TR S

7 XIEMHE  BVARHIX ] 200 000X SHA S I A WAL, 2000

8  HIBTMA 1 : 250 000N £ Ll X T A 4 TR 45 ML TR A e, 2002

9 WEA IATEE S CH X T A TR b T A B, 2009
10 HUFEA TG O X X Il 5 A R A A o ] b 55 A ) R T A
I, 2015
11 s P E—REH LW X X T A 5 v [ b o 0 A ey b T Ay rp
JRR G SR L, 2019
P22 HIBRE

221 BIEREMS

! 7S YR SR B 8 FH 1) TR P ] 5 Rk b A S rF DR 12 50 000 K03 Ak B
B, kRl oy m i BAREE, TERSE “T0% 80 KMIARPR R 7, mEIEHEN
L1985 [ SR RRELIE . 7ERT SN R 40 PG A VORI SERE [, A TR A0 B
| SIS PRB UL,

L RYOBCHE R M B RS %8 TMS-OLIL, SPOTTCREIE 4 2.5 m) TLESE ORC
TMS-OLI ZdE A}y 2014 4E 2 A 9 H, SPOT7 BilEitAHl 2015 4 12 A 16 H, Bt
2044 Band7(R)+Band5(G)+Band2(B)+SPOT7 4 (i B, EMGE N TEMT . R i b 5t
AR R TIMEE EoETTRAEOR” 1788w P, B R E T
ETM %8l BT Al 2014-1-21, WRBAALG 0 741), RAECHEGAEEET 2, U4
OJCHLTE T HER R 30 mx30 m IR SE . SRR EER . ORI B, 4. 5. 7R
| ORIE (M) S, RAIBLL 3. 4. S SREEHRR (Befk) S

| 222 BPAMELEIRRA:

TR =1 (149E013014)1 : 50 000 Hi 5 P 08 2 BT A1 e S e K5 O R SR 28 R
LR MR MR KRR B PR BURAE. BL : 25000 HTB K
| RBPAMICHE , QUERBFANT I, ST EA SRR A, ERCT I R G N A
| [l (PRB) JSUGKARPE

VNI A5, (Point) FRAE : ML S B ANER R AR I AR , BT A 2 T A 4000 14 R
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Pp L R AT h =481 : 50 000%/% B 58 i

LLLLLLLLLLLLLLLLL

YRR THIR S . FEBFSh, HOTR S A b (5 L GPS (BN, # i MR SR bR |
RHEHE, SEAMFURRYE, MIEHAS . WA S . Mobs. A k. KULERE ., |
GBI, BUEAL, B A FRRME R ;

VRIS B4 (Routing) 3 fF : 7EMFAMHLR T 11 v e YR SE R 1Y B 2 KU /0 B iy |
28, SRR LA (L B A I AU, B SPBO AR, AR RS |
A, DRI TS RS T AR . BUTBERS . BUEAGIAE |
Sk, b, Oy, AUEEERS . BIHERARZHIE AL ;

VA 2 (Boundary) #2/0E : 7ENF S ZR AT 1 i R UK HE R 0 e 4 M A R,
IFL, SRITAEEPANT MR O A2, TR R R PR EAE, AR |
X PR T ;

TR T b A 4R (Attitude) . FAEEAY IR R (Photo) . Tl H (Sketch) . REEM)
Bedh (Sample) B JEHET GPS /R, SKJGFITIRGEHHUENIIAE, (KUALAS ZH i |
S L, EBH AR AE PO AR HE g

PSP RR R AT AR, MBI IN TR, RS S it A oL |
L5y, PR T SLOMEIREIE |

23 HiEEE :
A4 3 EHUEF AP R 09K VR 5 A LI DGSS R e, MR (X s B P 1 |
(1 :50000)) (GB 958-1999) K HoAthAHICZLR M4 T4 2L 1
(1) K45 51T R 45 14 T AT M IR £, (Point) B X 1 GPS 5 [, SRIGHEAFARBRE S
A, MR AR A S TR S B S . MU B A 4 |
B, O SOCTHA (PRBP) (05 44 F5 5 00 R AR PE R AR 56 SRR 5, W |
UG TEUR , WATNE A E AT A E S, I TR AR AEIUN BT |
HEPS. ;
(2) HFEPSMIT RS I FTA T4 (Boundary) % ZEBTXTILIG GPS A5 1, Ko e IR |
SMBT I AR IORE, SRR BENNG K Bizer EHELL” DI REXTARIE (TSI, |
A PR 1 T Sk B T2 IR . R AR BE SRR S — (TR R ik
Rl LBk 1, LTEN 0.1, WIRLMERI 1, LFih 6, LT 0.15), Bk
LR, RSN, FRATIg " KSR WII AT 2K, I |
e FR T4 B K40 A IR §
(3) W EFAN T RAE AT O 64 (Routing) 46 %5 GPS 4 1, HFHEkr 45 4h B4, |
SRITRH RGN “ SR Bizer SR ” DIREMEIA TR, B EIERANLS |
BRFSSE—, APNR MR RN 1, RBIEY 90, LIEN 0.1, BIFXTHEL |
D, BEBSSEMHT R, BRI A S B R A (AR R L R AL
(E45), 455 BB AT A free RN
(@) R DTSRRI RERh L BB RSB IR GPS A LaETAE |
PRI A, KA B E S B R, WP RAGGE R 56, B, PR |
R BUELRRAL, RERRIOIES . BESKOTI . TR DEANGIN, BRIOARR . BRI |
4. THEROG SRR 1, 2. 3 STIUTHS . RIVRGD “HIRIE |
G R EUR ] THREXT PR . RER GBS, TR SR bR M 5 %) T Ehs
¢&ﬁwmmﬁm,¢EM%eﬂﬁ%@%m$eﬁmuﬁ@&mﬁ@@mm,%ﬁﬁ§
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L =81 50 00045 B $c35 & MREEHIREE

LR 996, AT UK 1729, ZRBE 1018, JEUESAE (Y) 1492, REMER. Wi tICER . fldd
| JCHEAMTREAL (GS. XT. WL)I737, LA SR (WT) 12155 Ak SEke (BF)1173;
HLFEREF/MHT (DT)1097; RiEEAMHTRE (L) 1167, X TG % Mkt S i Ak A RE I R 37 2%
L AR AR,

| 24 GEIBEE

| 241 BPAMARIEE

L BHEHLDGSS ARG 4 IRSEEIR I 1 25 000 HFRBEL KT MG — AR,
BT AR, KA T A M B R A Jm A A

242 SEBRBRHEE

TEIFEHL DGSS RGEH T ITEIME PRB J&, $RAT B8 BF A1 G 18] R 31 52 Brobt et 1A
i@”ﬁé,%%Eﬁ%@%ﬂmﬁﬁﬁﬁﬁﬁﬁmﬁﬁiﬁﬁﬂ@HB%ﬁ%,ﬂ%
iWﬁi%ﬂﬂ@ﬁﬁ,%ﬁi%ﬁﬂﬁoﬁ%ﬁﬁ@m&ﬁﬁﬁﬁi%ﬂi%ﬂﬂ
K, EEIN 2% T [ O RGBSR, ARG 2R, X HIE iy BUR AT AL OE
iE%%%L%ﬂ&$@@%%%4ﬁl:%mmi%ﬁﬂﬁoi%ﬁﬂ@ﬁﬁiA%ﬁ
i MARCHR : ML Geoline HYFR /& LN 782 NEF AN KL 5T 2% (Boundary.wl) [42
B, MR SEAR Geopoly.wp FAJEPEIE M7 BE 4k (Routing.wl) JEPEFRE, $RHUG B
i%Eﬁ?&ﬁ%ﬁﬁﬁﬁ%ﬁ%%oi%ﬂﬂ@%ﬁ%A%%Eﬂ%%ﬁﬁﬁTﬁﬁﬁ
TR B MR ACRD SR B AE s Geopoly M AL E R
| BESRE

| 243 i

L 4R 1525000 SERRRDEHEEGRAR L E 12 50 000 GRS, MR TR SO
L SRRSO (PRB RN, WML (Point), i 1ET (GPTNOTE), GPS.
LR (Routing) . Mt FL2k (Boundary). free S5 [&)2, fREIR, A . K. HEAh.
oA SERZE . B i A2k Geoline Ml AR TR SR Geopoly, # Sl BR N IEIAE, DUIR
FRAABAL EHe bt BT 2, 5011+ 50 000 PIEIHE, MK ZR IR 2 S0P B DURIROK (A 25
COMEIHL TR LR Geoline, METZRIIMETRIGA, MIFEHLFAT 52K Geopoly $2HL Label £
iiﬁ,%%%E,%ﬁL%&ﬁEE%ﬁE,E*Eﬁ?&ﬂi%ﬁﬂﬁﬁﬁ?&~
B, T TR B - BUA RIS, R A Ea . POIR SR B
AT TEGmAR R RS EZE D, et RS SR TR B
iA%ﬁ@ﬁ&ﬂﬁ%\ﬁﬂ%%ﬁﬁ@\ﬁﬁﬁ%ﬁﬂﬁmﬁﬁ;ﬁlzwmmﬂﬁﬁ
b TRV P s 2 R B b [ PET At A B AR S v S oK, eI AR R = 1R 1 = 50 000
AR

L 244 MU B

: K =IME 1 50 000 Z i it [T ST 2 2 (A 5t e, b8 R e i, AT A s JF
S e S P B s (BB PRI B S BRI R Rl 2, et S R I R SO DL
iﬂ&%ﬁ%ﬁi#%#%%ﬂlﬁi#*,%jmmﬁﬁiﬁﬁﬁ@ﬂ%MQ
| ISTOPE Rz 3cf v, MMIRIE 25 ULk P F4k 7 I E_Line_Geography FElJz2ei .

; (1) FEAEZ R m M It . FEARB R KRR T ik I i o Im e N 2, e
éﬁ%ﬁﬁﬁi%?T%ﬁ@ﬁﬁ%ﬁﬁﬁﬂ%%ﬂﬁ%ﬁ%%%@%LT%%%%?%
AN IR, R S BT AT SEAA Y IS RIARIE, b FEHh BT AL Y TR B AR PRI
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B, ANFEPRKI A RIS S FR, MR RN, AN, KRR |
ES |
Q) LA BEELBIERE . AR . s AT JOlEAT |
A BRMEPEIRE , B T AR MR SN BRI ICSCPF . 55 DM TR KT S P B SO LA
B, GABERBIERBEHUR , PR R D, RN TR R, |

(3) M IBAREA . A EIRHLIREI G IEERIOR (Kl R, RAKHE |
ERCHA, BT B (). B2, BRI AFIE SR R
FEENEE '

3 HIEEAHEIR

3.1 HRER
SURRETIZFR: 5 (wt), 28 (wl). TH (wp)o
MU SRS . MBS, RS . PR RGEERIIARE . IR
LIk RARL . BMAL. WEE . T4k, B, KR, A%,
e TS . RASS . BBa . ARIEHZ R0 ks 7K.

3.2 HEAFITAR !

WTRIAE IR 1 50 000 MR FERLHR I 38 h A 2K | S ATk | XPQARL |
32 g 7 B AR AL ’
321 FEARTZRA !

Hb AR TR SR (_GeoPolygon)(1 531 /™). Hb A T SRR FRIACAD | by Jo 1A i S 4K 24
B, MUBRPRTSSORRTA | PRI MR I K AR SRR L
%3, '

®3 BGFHEISAR_KESMREEIEREGE

Fre Hs I 24 FK B s Y€/ e P AR S 151
1 WRIRE *Feature Id Character  AI49E013014000000535
2 JF G Source Id Character
3 RAURAG *Feature_Type Character noJ@3
4 HR Geobody Name  Character MEfRP B AHATE KA
5 AL Geobody Era Character J@3
6 T FRAE I E(a.B.P) Geobody Agel Double 0
7 FBRAFE#E@BP)  Geobody Age2  Double 0
8 TR Subtype Interger 1

I @R mE &0 Fr.

WAL ( GeoLine)(4 330 10): MUFZINEY . MR AL | RLB /e MR |
B ORBAMMRRNS | FRAER, i
7= b (Mineral_pnt)(33 4%): B R=HE . ORI BORARR . ST
R il Q1 VIR 1 < ¥ (VAN R 0 A 1 751 |
PR (CAttitude)(385 M) FPRRERIAFRS | PRI LAFR . Em o im iAo
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L =81 50 00045 B $c35 & MREEHIREE

| FEf (_Sample)(180 A): FEAMEIUUHS | HEM G | IRt . FEa LA FR . HEah
L HAARR.
' I8 H- (_Photograph)(1 048 1>): M F4a'5 . MR BH ., AU,

F M (_Sketch)(43 1N): Effigi's . BMEH . RiUiH.

L b (FossiD(184%): fLA BRI . ALARER SRS . A . b
L LR AR RS | L.

| A3 2 WAE (Tsotope)(19 /): FEM S . FEGAFR . ARISIIZE I3k . T 4R |
I A R | W AT AT L I AT H

L JliH (Craten)(1 ) USRS KINTAFR . Il FR/N L Sl i i
LR RAR S | Sl PRl IR R

I . JKJEREZE (_Line_Geography)(434 /™). KIJCRA | KIICHAFR . FIAFRIN,

| SR (_Spring)(15 1>): JRISAHS | AL FK,

| 322 mAEEK

: M YE AR ((Tectzone)(17 4™): AT . AS I RN FR . A A A AFR .
L ASARLREE | ASIE I EE | R RS . A

PhAST (_Alteration Polygon)(8 4~): ThARRII LTRSS | (ASRAIZ TR, AR T4
AL R e B R R RS

: A UMY (_Metamor_Facies)(22 1N): ZZ B HLBUIARMC S . AR BAHA A A Bt . 4
AR AR | AR AR TR ISR . AR A AR
MRS . R AL B e

L KULEARHE ((Volca_Facies)(42 AN): K UL ARSI B ARCRT 7 6 b 03 B A
DB IR | BTG AT TR, AR,

L BRMERE (WEIHE) Map_Frame)(d ): F4 ., FEIVE . WHIR . ARRS. &
WAL, A, THIE. EBRLL.

| 323 agx

L UL (Kl B A R AL (Strata): MR RRLAARR . HUEEABIAF S | MR
A ATAGAIR . RO BRI R ERIURE | R AL
ORI, A

L RAEEAFMAL (ntra_Litho Chrono)(31 4%): AN A4 Ff . #iAk BT
LRI RAARR. AP SO RO S R R e, R
IR, SEEROCER | RS TR, k. R R A
| KB BABE R W 4.

L WUR (Faul)(119 ) BRZEM | WIRARR . BRGNS . WUZVER . WR b AR
LRI TR ST S | TR R TR | T L PR . T S
R TRaN TN T A AN L

A5 M (A SRR (Metamorphic)(3 AN): i () JE AN 4K . Hi () SR A4S
LB MR SRR, B AR AL O R R
DR R, TALA R, S RS . RRERE . Aa
L it
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1 : 50 000 Geological Map Database of Sanchuan
Map-sheet, Henan Province
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LI Yingqi ' LI Ruigiang ', JIAO Jinghual

(1. Henan Institute of Geological Survey, Zhengzhou 450001, China; 2. Key Laboratory of Ore Forming

Processes and Resources Utilization of Metal Minerals in Henan Province, Zhengzhou 450001, China)

Abstract: The 1 : 50 000 Geologic Map Database of Sanchuan Map-sheet (I49E013014),
Henan Province (also referred to as the Database) was established using data obtained through
practical measurement and digital mapping. The structural and lithologic mapping was
conducted during field data acquisition, focusing on the presentation of special geological
blocks and informal mapping units. The samples collected in the field included 66 samples for
microscopic petrography identification, 180 samples for whole-rock petrochemical analysis, 19
samples for isotopic dating, and 21 samples for chemical analysis in total. In this study, the
main achievements obtained in this map-sheet are as follows. The Taowan Group was found to
have occurred during the Ordovician according to multiple taxonomic classifications and short
age ranges found in its stratotype section. Alkaline volcanic intercalations were found in the
Taowan Group, indicating that an extensional basin developed on the southern margin of the
North China Plate in the Ordovician. The greenschists in the Sichakou Formation and Xiewan
Formation of the Kuanping Group were determined to be intraplate volcanic rocks, indicating
that the main part of the Kuanping Group was formed in an extensional basin. The dike swarms
of Silurian alkali-feldspar granite porphyry were found in the southern part of the map-sheet by
mapping, restricting the closure era of the Qinling Ocean to a time not later than the Silurian.
The intrusions of the late Mesozoic were divided into five intrusive stages. The Luanchuan
fault zone was determined to have undergone three stages of activities in the early Paleozoic,
early Mesozoic, and late Mesozoic. Furthermore, Sinian glacial sediments were newly

discovered in the map-sheet. The Database consists of data on feature classes, complex classes,
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and object classes, with a data size of about 63.5 MB. It fully reflects the geological and
mineral achievements of the map-sheet, and will provide basic data for mineral exploration and
exploitation and prevention and control of geological hazards in the map-sheet, research on the
Qinling Orogenic Belt, and the popularization of geoscience.

Key words: database; geological map; 1 : 50 000; Sanchuan map-sheet; Henan Province;
Qinling Orogenic Belt; geological survey engineering

Data service system URL: http://dcc.cgs.gov.cn

1 Introduction

The area covered by the 1 : 50 000 geological map of Sanchuan map-sheet, Henan
Province (also referred to as the study area) is in the western part of Henan Province. It lies
between the Sanmenxia—Lushan and Zhuyangguan - Xiaguan faults on the southern margin of
the North China Plate (Fig. 1). With the Luanchuan fault zone as the boundary, its southern
part is the Kuanping back-arc basin in the eastern segment of the North Qinling Orogenic Belt
(Zhang SG et al., 1991; Zhang ZQ et al., 1995; Lu SN et al., 2003), and its northern part is a
thrust nappe tectonic zone on the southern margin of the North China Plate (Henan Institute of
Geological Survey, 2013). During the Mesoproterozoic - Neoproterozoic, the study area was
on the passive continental margin of the Qinling Ocean, with the Jixianian Guandaokou
carbonate platform (Zhang H et al., 2019) and Qingbaikouian Luanchuan continental-margin
rift basin (Shi QZ et al., 1996; Yan GH et al., 2007; Tianjin Center of China Geological
Survey, 2019) developing. In the early Paleozoic, the study area was transformed into an active
continental margin, with the Ordovician Taowan Group being deposited on the southern
continental slope (Wang ZQ et al., 2007, 2009). Afterwards, the study area successively
underwent Qinling Ocean closure - collisional orogenesis at the end of the early Paleozoic,
Mianlue Ocean closure - collisional orogenesis in the Triassic (Tianjin Center of China
Geological Survey, 2019), and the convergence and thickening of the peri-pacific system and
the extension and thinning of the lithosphere during the Jurassic - Cretaceous. As a result, the
current complicated geological tectonic framework (Mao JW et al., 2018; Fig. 2) and world-
class molybdenum-tungsten polymetallic deposits were formed in the study area.

The geological surveys of the study area began in the 1930s. In contrast, systematic
geological prospecting of the area was conducted after the 1950s, and the following surveys
were successively carried out: 1 : 200 000-scale regional geological survey, 1:100 000-scale
airborne radioactivity measurement, 1 : 50 000-scale aeromagnetic survey, 1 : 50 000-scale
stream sediment survey, as well as the thematic surveys focusing on metallogenic belts
including 1 : 50 000-scale regional geological survey, 1 :200 000-scale gravity survey,
1 : 250 000-scale regional geological survey, and 1 : 50 000-scale mineral prospect survey
and high-precision ground magnetic survey. Meanwhile, many scholars conducted intensive
research on the genesis and formation eras of the strata and rocks, the stages and evolution of
the structures, and the genesis and metallogenic properties of the deposits in the study area
(Sheng ZL etal., 1980; Luo MJ et al., 1991; Song CZ et al., 1999; Ye HS et al., 2006; Huo LX
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#* Early Paleozoic eclogite ( garnet amphibolite)
* Triassic eclogite ( garnet amphibolite) \

Fig. 1 Geotectonic location map of Sanchuan map-sheet, Henan Province

I-North China Plate; I;—Shanxi-Henan epicontinental-sea basin; I,—Northern branch of Xiong’er paleo-rift; I;-Fold-
fault belt on the southern margin of North China plate; I,—Thrust nappe tectonic zone on the southern margin of North
China plate; II-North Qinling Orogenic Belt; II;,—Kuanping back-arc basin; II,—Erlangping Paleozoic island arc and
back-arc basin; II;—Guishan—Xiaguan suture zone; II;I—Zhuyangguan—Xiaguan ophiolitic melange zone; II327N0rth
Qinling Microcontinent (Zhaigen ultrahigh-pressure metamorphic zone); II337Zhenpinnguishan (Shangnan—Danfeng)
subduction-accretionary complex; III-South Qinling Orogenic Belt; III;—~Douling—Dabie
Mesoproterozoic—Neoproterozoic microcontinent; III,—Xichuan Sinian Paleozoic carbonate platform;
IV—Cenozoic superimposed inland basin

et al., 2008; Lu SN et al., 2009; Yang et al., 2013, 2017; Tianjin Center of China Geological
Survey, 2015, 2019; Wang S et al., 2016). All these works provided critical fundamental
information for preparation of the 1 : 50 000 geological map of Sanchuan map-sheet, Henan
Province. However, some scientific issues of the study are still under dispute owing to the
complicated geological tectonics in the area. The issues are mainly about the Kuanping Group,
Taowan Group, Luanchuan fault zone, and the time limits of subduction and closure of the
Qinling Ocean. The details are as follows: (1) The age range of the Kuanping Group is
controversial. Some scholars think that it is of the Mesoproterozoic - Neoproterozoic (Shaanxi
Bureau of Geology and Mineral Resources, 1989; Department of Geology and Mineral
Resources of Henan Province, 1997; Zhang SG et al., 1991; Dong Y et al., 2014; Zhang ZQ et
al., 1995; Yan QR et al., 2008; Zhang GW et al., 2001), while others argue that it was formed
during the Neoproterozoic - early Paleozoic (Lu SN-et al., 2003; Diwu CR et al., 2010a; Li CD
et al.; 2018) or early Paleozoic (Wang ZQ et al., 2009); (2) There are different opinions on the

formation environment of the Kuanping Group. One such opinion-is that the Kuanping Group
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Fig. 2 Geological sketch of Sanchuan area, Henan Province

1-Quaternary; 2—Cretaceous; 3—Ordovician Taowan Group; 4-Luanchuan Group of Qingbaikou System;
5—Guandaokou Group of Jixian System; 6—Xushan Formation of Xiong’er Group of Changcheng System; 7-Late
Jurassic granite porphyry; 8—Porphyritic syenogranite porphyry; 9-Porphyritic monzonitic granite porphyry;
10-Highly-porphyritic syenogranite porphyry; 11-Highly-porphyritic monzonitic granite porphyry; 12—-Lowly- to
moderately-porphyritic medium-grained bio-adamellite; 13—Low- to moderately-porphyritic fine-grained biotite-quartz
monzonite; 14—fine-grained adamellite; 15—Silurian alkali-feldspar granite porphyry; 16—Syenogranite porphyry;
17-Fine-grained bio-adamellite; 18—Quartz orthophyre; 19-Quartz-monzonite porphyry; 20-Metamorphic biotite-
alkali-feldspar orthophyre of Qingbaikou period; 21-Metagabbro porphyrite; 22—Metamorphic medium-grained
gabbro; 23—-Subvolcanic rhyolitic porphyry of Changcheng period; 24-Diabase-porphyrite dike; 25-Basic dike;
26-Trachyte; 27-Biotite trachyte; 28—Latite; 29—Andesite; 30—Albite-actinolite schist; 31-Conformity; 32—Parallel
unconformity; 33—Angular unconformity; 34-Intrusive contact; 35—-Pulsating intrusive boundary; 36-Facies-transition
boundary; 37—Fault on the boundary of first- and second-order tectonic units; 38—Major fault; minor fault; 39-Normal
fault; 40-Thrust fault and attitude; 41-Strike-slip fault; 42—Foliated belt; 43—Mylonite belt; 44—Ductile shear zone;
45—Crater

was formed due to the merging of rock slices of different genesis (Jia CZ et al., 1988; Zhang
SG et al., 1991; Wang ZQ et al., 2009; Diwu CR et al., 2010a; Dong et al., 2014). Some
scholars consider that the Kuanping Group is a back-arc basin (Lu SN et al., 2003; Zhang ZQ,
1995; Zhang SG et al., 1991). Another opinion is that the Kuanping Group was formed in the

continental rift environment on the southern passive margin of the North China Plate (Yan QR
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et al., 2008; Zhang GW et al., 2001); (3) The tectonic attribute of the Taowan Group is highly
controversial. Some scholars think that the Taowan Group is a rock slice of the Qinling Orogen
(Henan Institute of Geological Survey, 2002), while others think that it resulted from the
sedimentation of deep parts of the epicontinental sea on the southern margin of the North
China Plate (Henan Institute of Geological Survey, 2013); (4) The formation era of the Taowan
Group was mainly determined based on the research of microfossils in Shaanxi Province
(Wang ZQ et al., 2007, 2009). However, direct evidence for the formation era of the Taowan
Group has not been found in the Luanchuan area, where the Taowan Group was established,
named and its stratotype section is located; (5) The properties and activity stages of the
Luanchuan fault are still under dispute. Some scholars consider the Luanchuan fault to be the
fault on the northern boundary of the Taowan Group (Regional Geological Survey Team of the
Department of Geology and Mineral Resources of Henan Province, 1995; Henan Institute of
Geological Survey, 2002), while others consider the Luanchuan fault to be the fault on the
southern boundary of the Taowan Group (Song CZ et al., 2009; Henan Institute of Geological
Survey, 2013). Given the aforementioned geological issues, the geological survey in this study
was conducted under the guidance of the modern theory of plate tectonics, during which field
measurement combined with high-resolution remote sensing interpretation were adopted, and
the special geological blocks and informal mapping units were highlighted by adopting
tectonic and lithologic mapping. As a result, a number of critical achievements were obtained.
The Database (Table 1; Ren JD et al, 2020) comprehensively reflects the achievements
obtained from a new round of geological and mineral survey and scientific research in the
study area. It will provide detailed references for field geological survey, scientific research,
and geoscience popularization in the area, and will offer basic geological maps for follow-up
mineral resource survey, geological hazard survey, ecological environment survey and

restoration, and spatial planning of land.

2 Methods for Data Acquisition and Processing

2.1 Data Preparation

The 1 : 50 000 geological map of Sanchuan map-sheet, Henan Province was prepared in
accordance with the General Principles on Regional Geological Survey (I : 50 000) (DZ/T
0001-1991) and the Guidelines for 1 = 50 000-Scale Regional Geological Survey (Trial, 2016)
based on full collection and comprehensive analysis and utilization of existing geological and
mineral materials (Table 2). It was guided by geological theories such as the modern theory of
plate tectonics and continental dynamics, as well as the research on regional geological
tectonics. The technologies of remote sensing (RS), global position system (GPS), and
geographic information system (GIS) were fully applied. The digital mapping (PRB)
technology was adopted to conduct tectonic and lithologic mapping, with the presentation of
special geological blocks and informal mapping units being highlighted. The basic geological
survey in the study area was conducted by employing systematic measurements based on the

principle of combining remote sensing interpretation with ground survey, macroscopic
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Table 1 Metadata Table of Database (Dataset)

Items

Description

Database (dataset) name

Database (dataset) authors

Data acquisition time
Geographical area

Data format

Data size

Data service system URL

Fund project

Language

Database (dataset) composition

1 : 50 000 Geologic Map Database of Sanchuan Map-sheet, Henan
Province

For structures: Ren Jiande, Li Chunyan, Zhai Wenjian, Henan Institute
of Geological Survey

For sedimentary rocks: Lyu Jigen, Li Yingqi, Jiao Jinghua, Henan
Institute of Geological Survey

For volcanics: Zhang Yixing, He Chengguang, Sun Xuejing, Henan
Institute of Geological Survey

For intrusions: Chao Hongli, Wang Xiaojuan, Li Min, Henan Institute
of Geological Survey

For metamorphic rocks: Xie Chaoyong, Li Ruigiang, Liu Shanshan,
Henan Institute of Geological Survey

2016—2018

111°15-111°30" E, 33°50'-34°00' N
MapGIS

63.5 MB

http://dcc.cgs.gov.cn

Jointly funded by the projects titled Geological and Mineral Survey of
Zhongtiao-Xiongershan Metallogenic Area (No.: DD20160043) and
1 : 50 000-scale Regional Geological and Mineral Survey of Baitujie
and Sanchuan Map-sheets, Henan Province (No.: DD20160043-02)
initiated by the China Geological Survey

Chinese

The Database consists of databases and map decorations ofa 1 : 50 000
geological map. The databases include data on sedimentary rocks,
volcanics, intrusions, metamorphic rocks, the Quaternary, dikes,
structures, geological boundaries, attitudes, isotopic samples and ages,
fossil samples, craters, lithologic patterns, geological codes and place
names, roads, rivers, and reservoirs. The map decorations include an
index map, histograms, a division table of intrusion mapping units,
legends, transverse cutting profiles, a geotectonic location map, and a
duty table.

geological mapping with microscopic geological mapping, and surface survey with dissection
of critical areas. The database was set up in strict accordance with the Standard on Spatial
Databases for Digital Geological Maps (DD 2006—-06) and the Detailed Rules for Building of
1 : 50 000 Regional Geological Map Spatial Database (Provincial level) (2008). The latest
geographic data from the National Administration of Surveying, Mapping and Geoinformation
of China were adopted in the geographic base map. Meanwhile, relevant data were processed
according to existing technical standards using software such as the Digital Geological Survey
System (DGSS 1.0) and MapGIS.

2.2 Data Acquisition
2.2.1 Data Acquisition and Preparation

For the data acquisition in this study, the topographic map was taken as 1 : 50 000 digital
topographic map from the National Geomatics Center of China, and the Gauss-Kruger
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Province
Table 2 Data basis of Sanchuan map-sheet
No. Data type Data content Source
1 Geological survey 1 : 200 000-scale geological survey report Qinling Geological Team of
of Luanchuan map-sheet (149—-XXII) Henan Bureau of Geo-exploration
& Mineral Development, 1958
2 Regional Result report of 1 : 100 000-scale 902nd Aeromagnetic Team of
geophysical aeromagnetic survey and airborne Geophysical Exploration Bureau
exploration radioactivity measurement in West Henan under the Ministry of Geology
Province and Mineral Resources, 1960
3 Regional Survey and research report of 1 : 50 000- 903rd Team of Geophysical
geophysical scale aeromagnetic survey in West Henan Exploration Bureau under the
exploration Province Ministry of Geology and Mineral
Resources, 1966
4 Regional Survey and research report of stream 2nd Geophysical Exploration
geochemical sediments in Sanchuan-Heyu area, Team of the National Geological
exploration Luanchuan County, Henan Province General Administration, 1975
5 Geological survey 1 : 50 000 regional geological survey 3rd Geological Survey Team of
report of South Luanchuan County Henan Bureau of Geo-exploration
& Mineral Development, 1977
6 Mineral exploration Detailed exploration geological report of  1st Geological Survey Team of
molybdenum-tungsten deposits in Henan Bureau of Geo-exploration
Sandaozhuang mining area, Luanchuan & Mineral Development, 1980
County, Henan Province
7 Regional 1 : 200 000-scale regional gravity survey ~Geophysical Exploration Team of
geophysical report of Southwest Henan Province Henan Bureau of Geo-exploration
exploration & Mineral Development, 2000
8 Geological survey 1 : 250 000-scale regional geological Henan Institute of Geological
survey report of Neixiang map-sheet Survey, 2002
9 Mineral survey Mineral prospect survey of Lushi area, Henan Institute of Geological
Henan Province Survey, 2009

10 Geological survey Result report of regional geological survey Tianjin Center of China

of key areas of West Henan Province Geological Survey, 2015
11 Geological survey Report of geological survey and result Tianjin Center of China
integration of key areas of Zhongtiao Geological Survey, 2019

Mountain —Xiong’er Mountain
metallogenic area

projection, Xi’an 1980 geodetic coordinate system, and National Height Datum 1985 were
adopted as the projection type, ellipsoidal parameters, and elevation datum, respectively. The
PRB dictionary library was developed according to the specific conditions of the study area
based on both field survey and full utilization of previous data.

The remote-sensing images used for data acquisition in this study were obtained from
satellites TM8-OLI and SPOT?7 (precision: 2.5 m), with respective time phases of TM8-OLI
and SPOT7 of February 9, 2014 and December 16, 2015. Meanwhile, the band combination
adopted consisted of Band7(R) + Band5(G) + Band2(B) + the panchromatic band in SPOT7.
Therefore, the images are clear. The remote sensing anomalies were extracted by using the
“De-interfered Anomalous.Principal Component Thresholding” technique popularized by the

China Geological Survey. Data from Enhanced Thematic Mapper (ETM) were collected as
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data sources (time phase: January 21, 2014, band combination: Band7 + Band4 + Bandl). The
remote sensing anomalies of hydroxyl and iron-staining were extracted by digital image
processing methods, with a ground pixel resolution of 30 m x 30 m. B1, B4, B5, and B7 were
utilized to extract hydroxyl (argillization) anomalies, while B1, B3, B4, and B5 were used to
extract iron-staining (ferrugination) anomalies.
2.2.2 Field Data Acquisition Along Routes

The features acquired along field survey routes for the building of the Database include
geological points, geological boundaries, geological routes, samples, sketches, attitude, and
images. The frechand field maps were developed with the 1 : 25 000 topographic map as the
base map. Then the original digital mapping (PRB) database was preliminarily established in
DGSS through field survey.

Process of adding geological points (Point): Geological points serve as the base of all the
data acquired along the field routes. During field data acquisition, the coordinates of the
geological points were automatically obtained from GPS, and the attributes of the geological
points were input in the popped-up dialogue box in DGSS, including route no., geological
point no., micro-landform, sites, outcrops, weathering level, location description, mapping unit,
and names and contact relationships of rocks on two sides of the geological points.

Process of adding segmented routes (Routing): select the “adding new route data” and
“adding a segmented route” in turn in the field route window of DGSS, and then draw the route
trajectory at the corresponding locations of the map. Afterwards, input the attributes and
description of the segmented route in the popped-up segmented route attribute table, including
route no., geological point no., route code, direction, the distance of current station,
accumulative distance, mapping units, and rock names. Among these attributes, the direction,
the distance of current station, and accumulative distance were automatically read by DGSS.

Process of adding geological boundaries (Boundary): select the “adding new route data”
and “adding a geologic boundary between geologic points” in turn in the field route window of
DGSS, and then draw lines at the corresponding locations on the freehand field map.
Afterwards, input the attributes and characteristic descriptions of the geological boundary in
the popped-up geological boundary attribute table.

Process of adding geological attitude (Attitude), photos (Photo), sketches (Sketch), and
samples (Sample) surveyed along the routes: they were positioned using GPS firstly. Then the
features were drawn on the map using the menus for adding new features, and their attributes
were input in the popped-up dialogue box.

During field data acquisition along the routes, the remote-sensing images were
superimposed onto map layers to combine the measured data with geological interpretation in a

harmonious way, thus improving the measurement precision.

2.3 Data Collation

The data gathered in the palm-sized personal digital assistant in the field were imported
into DGSS (PC edition), and then were collated according to the Geological Symbols Used for
Regional Geological Maps (1: 50 000) (GB/T 958-2015) and other relevant requirements. The
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details are as follows.

(1) Move all geological points (Point) acquired in the field to corresponding GPS points,
and then rewrite their coordinates. Then check and complete the attributes of the geological
points, such as route nos. of the geological points, geological point nos., mapping units, and
names of the rocks on two sides of the geological points. As for the rocks on both sides of the
geological points, their names in the text description of the geological points (PRB_P) should
be consistent with the names input into the geological point attributes. After the thin section
identification results are determined, comprehensively designate the rocks by combining their
names in the field and make corresponding comments in the attributes and text description of
the geological points.

(2) Move all geological boundaries (Boundary) gathered in the field to corresponding
GPS points. Then check and remove the errors in geological boundaries drawn in the field and
smoothen and hone them by utilizing the “Cubic Bezier” function in DGSS. The geological
boundaries and faults should be presented with unified line types, line colors, and line width
across the whole map-sheet (for instance, the line type, line color, and line width of geological
boundaries should be set to 1, 1, and 0.1, respectively, while the line type, line color, and line
width of the faults should be set to 1, 6, and 0.15, respectively). Then complete the geological
boundary description and use “the rocks on the left side of the boundary include... and the ones

2

on the right side include...” to describe the names of the rocks on both sides. Meanwhile,
specifically express the lithologic contact relationship of both sides and provide related
geological evidence.

(3) Adjust all geological routes (Routing) gathered in the field to GPS points, connect the
segmented routes, and smoothen the routes by utilizing the “Cubic Bezier” function in DGSS.
Unified line parameters should be used for all routes in a map-sheet. The line type, line color,
and line width of the geological routes in this map-sheet were set to 1, 90, and 0.1,
respectively. Afterwards, re-calculate the orientation and distance of the routes. Finally, check
and complement the route description (including the lithologic composition and change
features of the routes), and write the lithology of segmented routes into the free map layers.

(4) Move the attitude, samples, photos, and sketches gathered along the routes to
corresponding GPS points and rewrite their coordinates. Then check and complement related
attribute data such as the strike, dip, dip angle, type, and mapping units of attitude; contents of
samples; the lens direction and detailed description of photos, and the name, scale, and image
of sketches. All features should be numbered in a unified sequence such as 1, 2, 3... based on
the geological points they belong to. Then modify the parameters of the attribute and samples
in a unified way by utilizing the function of “Modify the graphical presentation and legends in
the map layers as per attribute values” in DGSS. The nos. of sub-maps should be in accordance
with applicable national standards. For the sub-maps in this map-sheet whose nos. are not
specified in applicable national standards, their nos. were specified uniformly as follows:
foliation (including flow foliation-and structural foliation): 1011; attitude of fault surface: 996;

attitude of contact surface: 1729; lineation: 1018; primary halo pattern (Y): 1492; samples for

http://geodb.cgs.gov.cn GEOLOGY IN CHINA 2020, Vol.47 Supp.(1) | 251



1 : 50 000 Geological Map Database of Sanchuan Map-sheet, Henan

GEOLOGY IN CHINA Province

analysis of silicate, rare earth elements, and trace elements (GS, XT, and WL): 1737; samples
for microfossil authentication (WT): 1215; samples for sporopollenin authentication (BF): 1173;
electron probe analysis (DT): 1097; samples for particle-size analysis (L): 1167. The fossil
samples with authenticated or testing results and the samples for isotopic dating were presented

in red.

2.4 Preparation of Geological Maps
2.4.1 Field General Map Database

Input the four completed 1 : 25 000-scale geological routes and profiles in DGSS (PC
edition) into a database in a consistent way. In this way, the field general map database was
generated. Then check the attribute structures of all geological features.
2.4.2 Database of Primitive Data Maps

Open the PRB database of the map-sheet in DGSS (PC edition), and execute the
command “update the field general map database to form the database of primitive data maps”.
Then DGSS automatically updates the original PRB data of the map-sheet to form the PRB
data required by the primitive data maps. Then open the interface of the initial primitive data
maps to prepare the primitive data maps as follows. First, prepare the primitive data maps on
the paper maps of the PRB database, with remote-sensing images on the same scale being
referred to during map preparation. Then scan them into computers and correct the legends
formed. Afterwards, develop four 1 : 25 000 primitive data maps covered by the map-sheet.
The attributes of the primitive data maps were inherited as follows. Partial attributes of
geological boundaries (Geoline) were extracted from the geological boundaries (Boundary.wl)
obtained along the field routes, while the attributes of geological polygon entities
(Geopoly.wp) were extracted from the attributes of segmented routes (Routing.wl). After that,
check attributes of the primitive data maps and complement and complete the missing attribute
fields later. Then conduct consistency checks using the comprehensive check tool in DGSS,
including the consistency between lines and arcs, between codes and line types of geological
boundaries, and between codes and annotations of Geopoly mapping units.
2.4.3 Original Map for Compilation

Project the data in the four 1 : 25 000 primitive data maps onto the 1 : 50 000 original
map for compilation. Then delete unnecessary files in the project and the folders (i.e., the
contents in the PRB database), such as the map layers of geological points (Point), geological
point annotation (GPTNOTE), GPS, geological routes (Routing), geological boundaries
(Boundary), and free map layers, retaining the map layers such as attitude, photos, sketches,
samples, and fossils. Afterwards, modify geological boundary entities (Geoline) and geological
polygon entities (Geopoly) as follows. First, delete the 1 : 25 000 inner map frames, connect
geological boundaries in the parts where the four maps are adjacent to each other, and copy the
1 : 50 000 inner map frame. Then copy the boundaries of planar waters in the stream map
layer file, add them to the geological boundary entities (Geoline), and check for errors in linear
topology. Second, extract the file for label points from the original geological polygon entities

(Geopoly) to conduct topological area creation. After merging the label points with the.wp
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files, the attribute fields of the original map for compilation should be consistent with the
attributes in the primitive data maps. To this end, manually complement some new geological
blocks and planar waters, and collate the lithologic patterns, the attitudes and annotations, and
the codes of mapping units again. Afterwards, prepare decorative map layers in the newly
added separated map layers of the original map for compilation, including comprehensive
stratigraphic histograms, transverse cutting profiles, legends, a division table of intrusion
mapping units, a geotectonic location map, and an index map. Then ultimately complete
standard 1 : 50 000 original map for compilation in accordance with the plotting specifications
of geographical base maps for 1 : 50 000 geological maps as well as applicable standards and
requirements of the preparation of geological maps.

2.4.4 Geological Map Spatial Database

Update the spatial database using the 1 : 50 000 original map and develop the spatial
database as follows. Automatically incorporate the original map for compilation into the spatial
database. Then delete the files that are not underlined during incorporation. After that, copy the
files of independent feature map layers and add them to the folder of the result database (i.e.,
the spatial database) and the project. Then cut the isotope sample points (_Sample) and add
them to the ISOTOPE map layer file. Afterwards, copy the water boundaries from the
geographic map layer and add them to the map layer Line Geography.

(1) Editing the attributes of the feature classes: Partial attributes of the feature classes
were inherited from some attributes of the original map for compilation. The nos. and codes of
geological eras were completed in the result database (by following the principle of expressing
nos. and codes of geological blocks with superscripts and subscripts). Note that this includes
complementing subtype IDs of geological polygon entities, the subtype IDs of geological
boundaries, nos. of faults, name codes and names of attitude types, type codes of samples, titles
of photos, and descriptions of sketches.

(2) Editing the attributes of the complex classes: This map-sheet includes tectonic
deformation zones, metamorphic facies zones, volcanic facies zones, and standard map frames.
All of them except for the standard map frames are.wp files and need to be extracted from the
files of the geological polygon entity map layers. After editing the attributes of the complex
classes, assign IDs to all complex classes, and check the attributes with auxiliary checking
tools.

(3) Inputting data of object classes: The object classes obtained in this map-sheet include
sedimentary (volcanic) stratigraphic units, petrostratigraphic units of intrusions, stratigraphic
units of metamorphic rocks, dikes, faults, planar waters and swamps, informal stratigraphic

units, and the basic information of the map-sheet.

3 Description of Data Samples

3.1 Data Types
Names of entity types: points (.wt), lines (.wl), and polygons (.wp).

Points: codes of various geological blocks; geological patterns; fault nos.; attitude;
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isotopes for dating; springs.

Lines: intrusive boundaries; lithofacies boundaries; fault structures; leader lines; roads;
waters; and borders.

Polygons: sedimentary rocks; intrusions; metamorphic rocks; informal stratigraphic units;

dikes; and reservoirs.

3.2 Description of Data Content

The Database mainly consists of data on feature classes, complex classes, object classes,
and independent feature classes.
3.2.1 Feature Classes

The attribution structure of a geological polygon entity (_GeoPolygon) (1531 geological
polygon entities): the type code; name and era of the geological polygon entity; subtype ID.
The attributes of geological polygon entities of Late Jurassic biotite-quartz monzonites are
shown in Table 3.

The attribution structure of a geological boundary (_GeoLine) (4330 geological
boundaries): code and type of the geological boundary; codes of geological blocks on the left
and right sides of the geological boundary; and subtype ID.

The attribution structure of a mineral locality (_Mineral pnt) (33 mieral localities):
mineral locality; codes and names of mineral types; original code; paragenetic minerals;
associated minerals; associated ore; metallogenic era; ore grade; scale; name of the mineral

area; and mineralization type.

of the attitude type; strike; dip; and dip angle.

The attribution structure of a sample (_Sample) (180 samples): the code and name of the
sample type; sample no.; original code; and rock name of the sample.

The attribution structure of a photo (_Photograph) (1048 photos): the no.; title; and
description of the photo.

The attribution structure of a sketch (_Sketch) (43 sketches): the No.; title; and description
of the sketch.

The attribution structure of a fossil (_Fossil) (18 fossils): the taxonomic classification of

Table 3 Attributes of geological polygon entities of late Jurassic biotite-quartz monzonites

No. Data item Label code Datatype  Example of content description

1 ID *Feature_Id Character ~ AI49E013014000000535

2 Original code Source Id Character

3 Type code *Feature Type Character 7noJ@3

4 Name Geobody Name Character Late Jurassic biotite-quartz monzonite
5 Era Geobody Era Character J@3

6 Minimum age (a.B.P) Geobody Agel Double 0

7 Maximum age (a.B.P) Geobody Age2 Double 0

8 Subtype ID Subtype Interger 1

The attribution structure of attitude (_Attitude) (385 attitudes): the name code and name

Note: @ denotes that the following figures are subscripts.
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the fossil; fossil sample no.; original code; genus or species name of the fossil; occurrence
horizon of the fossile; the code of the fossil-bearing stratigraphic unit; and the era of the fossil.

The attribute structure of an isotope for isotopic dating (_Isotope) (19 isotope samples):
the no. and name of the sample; dating method; age dated; the unit and code of the geological
block dated; and the unit and date of dating analysis.

The attribution structure of a crater (_Crater) (one crater): the type; name; and size of the
crater; the units and codes of the geological blocks resulting from volcanic eruption; rock types
and formation era of the crater.

The attribute structure of a river or reservoir shoreline ( Line Geography) (434
shorelines): primitive type and name; subtype ID.

The attribute structure of a spring (_Spring) (15 springs): the code and name of the spring
type.

3.2.2 Complex Classes

The attribut;e structure of a tectonic deformation zone ( Tecozone) (17 tectonic
deformation zones): the code; type name; rock name; and structural features of the tectonic
deformation zone; deformation dynamic features; formation era; activity stages; ore-bearing
features.

The attribute structure of an alteration zone (_Alteration Polygon) (eight alteration
zones): the name code and name of alteration type; altered mineral assemblages and their
content; ore-bearing features; and codes of altered geological blocks.

The attribute structure of a metamorphic facies zone (_Metamor_ Facies) (22 metamorphic
facies zones): the geological block code; rock colors; and type of the metamorphic facies zone;
metamorphic degree; metamorphic pressure and temperature; the texture, and structure of the
rocks in the metamorphic facies zone; mineral assemblages and their content in the
metamorphic facies zone; ore-bearing features.

The attribute structure of a volcanic lithofacies zone ( Volca Facies) (42 volcanic
lithofacies zones): the type and code of volcanic lithofacies; the stratigraphic units and their
codes occurring; the types, texture, and structure of the rocks of volcanic lithofacies; formation
era; mineral types contained.

The attribute structure of a standard map frame ( Map Frame) (four inner map frames):
map name; code of the map-sheet; scale; coordinate system; elevation system; left longitude;
lower latitude; and map units.

3.2.3 Object Classes

The attribute structure of a lithostratigraphic unit of sedimentary (volcanic) rocks
(_Strata): the name, symbol, and era of the lithostratigraphic unit; the name and main colors of
rock association; main sedimentary structures in the lithostratigraphic unit; biofossil zone or
biotic association; stratum thickness; ore-bearing features.

The attribute structure of a lithochronologic unit of intrusions (_Intru_Litho Chrono) (31
lithochronologic unit-of intrusions): the name and symbol of the rock-mass mapping unit; the

name, color, texture, and structure of rocks; lithofacies; primary minerals and their content;
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secondary minerals and their content; contact relationships with surrounding rocks; eras of
surrounding rocks; formation era; ore-bearing features. The attributes of lithostratigraphic units
of the intrusions of the Late Jurassic biotite-quartz monzonites are shown in Table 4.

The attribute structure of a fault (_Fault) (119 faults): the type, name, no., and properties
of the fault; codes of geological blocks in the hangingwall and footwall of the fault; the
fractured zone width, strike, dip, and dip angle of the fault; estimated fault throw; formation
era of the fault; active stages.

The attribute structure of a stratigraphic (rock formation) unit of metamorphic rocks
(Metamorphic) (three units): the name, symbol, and era of the stratigraphic (rock formation)
unit; the names, texture, and structure of rocks; main minerals and their content; characteristic
metamorphic minerals and their content; stratigraphic attitude; mineral assemblages and their

content; ore-bearing features; the metamorphic facies zone it belongs to; thickness of the rock

Table 4 Attributes of lithochronologic units of the intrusions of the late Jurassic
biotite-quartz monzonites

No. Data item Standard code Datatype  Examples of content description

1 Feature type (geologic code)  *Feature Type Character  noJ@3

2 Name of rock-mass mapping  Intru Body Name Character Late Jurassic biotite-quartz
unit monzonites

3 Symbol of rock-mass mapping Intru Body Code  Character noJ@3

unit
4 Rock name (lithology) Rock Name Character  Biotite-quartz monzonites
5  Rock color Color Character  Tan
6  Rock texture Rock Texture Character  Porphyritic texture; matrix:
inequigranular texture
7  Rock structure Rock Structure Character ~ Massive structure
8  Lithofacies Rock Phases Character  Intrusive facies
9  Contact relationship with Contact_Relation = Character  Intrusive contact

surrounding rocks

10 Primary minerals and their Primary Mineral Character  Perthite phenocryst: 5-10%,
content matrix quartz: 7-12%,
hornblendes: 6—-10%, average
content: 8%+

11 Secondary minerals and their ~ Secondary Mineral Character  Biotite: 2%
content
12 Strike of the interface with Strike Integer *

surrounding rocks

13 Dip of the contact surface with Dip_ Direction Integer *
surrounding rocks

14 Dip angle of the contact surface Dip_Angle Integer *
with surrounding rocks

15 Formation era Era Character J@3

16  Ore-bearing features Commodities Character  *

17  Subtype ID Subtype Integer 0

Note: @ denotes that the follow-up figures are subscripts.
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formation; rock colors.

The attribute structure of an informal stratigraphic unit (Inf Strata) (48 informal
stratigraphic units): code of the informal stratigraphic unit; lithology, rock texture and
structure; biofossil zone or biotic association contained; the width or thickness of outcrops;
ore-bearing features; and the symbol of the stratigraphic unit it belongs to.

The attribute structure of a dike (_Dike Object) (five dikes): the name and symbol of the
dike; lithology, color, texture, structure, primary minerals and their content; secondary
minerals and their content; formation era; and ore-bearing features.

The attribute structure of planar waters (_Water Region) (one planar water): feature
category code; the type, name, and characteristics of primitive.

The attribute structure of the basic information of map-sheet (_Sheet Mapinfo) (one map-
sheet): map name; scale; coordinate system: elevation system: left and right longitudes; upper
and lower latitudes; mapping method; survey organization; organization responsible for
acceptance check of the map-sheet; rated level; completion date; publication date; data source;

and data acquisition date.

4 Data Quality Control and Assessment

(1) Quality Control and Assessment of Field Survey

The Database was developed in strict accordance with relevant specifications such as the
‘Technical Requirements for Regional Geological Survey (Scale: 1 :50 000)(DZ/T
0001 -1991). Digital mapping instruments were utilized to acquire data in the field, and the
1 : 25 000 digital topographic maps were adopted for the preparation of freehand field maps.
The 1 : 50 000 regional geological survey was conducted by adopting different mapping
methods for different survey sites based on systematic acquisition and comprehensive analysis
of existing geological data. Lithostratigraphic mapping was used for sedimentary
(epimetamorphic) rock areas (Guandaokou group, Luanchuan group and Taowan Group) to
divide basic sequences. Lithologic mapping was used for intrusive rock areas to map intrusive
bodies. Structure - stratum (rock formation) - event mapping was used for the metamorphic
rock areas (Kuanping Group). Volcanic stratum - lithology (lithofacies) dual mapping was used
for volcanic areas (Xiong’er Group and Dahongkou Formation of Luanchuan Group) to divide
the flow units. Meanwhile, in the volcanic areas, the radial survey routes were arranged around
the volcanic edifice determined according to the interpretation of referencing previous data.
Geology - landform dual mapping was used for the Quaternary. In this study, the following
geological blocks were all plotted in the geological map: sealed geological blocks with a
diameter greater than 50 m; linear geological blocks with a width greater than 25 m and a
length greater than 50 m; and faults with a length greater than 250 m. As for the bedrock
outcrops distributed in the Quaternary, they were all plotted as well, regardless of their sizes,
and those smaller than mapping scales were presented after being magnified. The geological
survey was conducted along the routes with a total length of 613.8 km, involving 1952 various

geological points (average density: 4.52 points/kmz) and 3778 geological boundaries (average
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point interval: 314 m). Meanwhile, the other features acquired include 180 samples for
lithogeochemical analysis, 19 samples for isotope dating, 3435 attitudes, 43 sketches, 1048
photos, 18 fossil points, one crater, and 33 mineral areas. In this way, the specific requirements
of the mapping precision of 1 : 50 000 geological mapping were met.

(2) Quality Control and Assessment of Testing Data

All samples for various testing methods were acquired according to applicable provisions
and then were tested by certified organizations. Therefore, the authentication reports and
testing data are accurate and reliable and meet relevant requirements. The samples for the
analysis of silicate, rare earth elements, and trace elements were analyzed and tested at the
Wuhan Supervision and Inspection Center of Mineral Resources, Ministry of Land and
Resources of the People’s Republic of China. The microfossil samples were identified by Gao
Lianda, a researcher in the Chinese Academy of Geological Sciences. Zircon U-Pb dating and
zircon Hf isotopic analysis were conducted at the Tianjin Institute of Geology and Mineral
Resources, China. The electron probe microanalysis was carried out at the Zhengzhou Institute
of Multipurpose Utilization of Mineral Resources. The particle size analysis was conducted at
the lab of XinHang Surveying and Mapping Institute of Hebei Province.

(3) Quality Control of Database

The Database was built in accordance with applicable standards such as the ‘Spatial
Database Establishment Code of Digital Geological Maps’ (DD 2006 —06). Meanwhile,
consistency checks were performed by using auxiliary checking tools throughout the building
of the Database, from the preparation of freehand field maps, the development of the PRB
database, and the preparation of primitive data maps and the original map for compilation, to
the development of the results database. The checks covered the consistency between lines and
arcs, the match between geological codes and graphic parameters of geological polygon
entities, the logical consistency between feature classes and object classes, the consistency
between the names and symbols of attitude types, and the consistency between the codes and
annotations of geological polygon entities.

(4) Monitoring of Work Process

A three-level quality management network consisting of the Henan Institute of Geological
Survey, project department, and work teams were established during geological mapping.
Meanwhile, applicable specifications were strictly followed. The division criteria of mapping
units were unified before field survey, and self-checks, mutual checks, and spot checks were
continually carried out during field survey. The self-check rate and mutual check rate
(including the checks of the databases) were both 100%. The spot check rates of geological
routes, geological profiles, and databases performed by the project leader were 32%, 35%, and
100%, respectively. The technology management department of the Henan Institute of
Geological Survey went to the survey site to conduct quality inspections and provide guidance
every year during the project work, obtaining spot check rates of geological routes, geological
profiles, and databases of 6%, 9%, and 100%, respectively.-Furthermore, the Tianjin Center of

China Geological Survey organized experts to conduct quality inspections of the original data
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and the databases through laboratory inspection along with field inspection every year during
the project. It was concluded that “the quality management system worked well, the quality of
the original data and the databases is high in general, and the quality level is rated good”.
During October 22-27, 2018, the Tianjin Center of China Geological Survey organized experts
to conduct an acceptance check of the field survey where the original data and databases were
obtained in Luoyang City, Henan Province. As a result, the field survey was scored 91
points —an excellent level. During January 27 —28, 2019, the Tianjin Center of China
Geological Survey organized experts again to conduct an acceptance check of the project
achievements in Zhengzhou City, Henan Province. As a result, the project achievements scored
91 points —an excellent level. On August 3, 2019, the Tianjin Center of China Geological
Survey organized an acceptance check of the Database in Tianjin City, and the Database was

scored 91 points.

5 Data Value

The Database was developed based on full absorption of previous data and results, with
the modern theory of plate tectonics as the guidance. During the building of the Database,
major issues existing in Sanchuan map-sheet were surveyed and researched, achieving a body

of basic data and new understanding of the geoscientific issues.

5.1 Basic Data

The lithogeochemical analysis and testing data of Sanchuan map-sheet were analyzed and
collated (Table 5). The data reflect important information such as the genesis and ages of the
rocks and deposits in the study area, thus providing scientific bases for research on the regional
geological setting of the study area and the geological history and evolution of the Qinling
Orogenic Belt. Meanwhile, distribution sites of the fossils, deposits and springs in the area
were gathered in the Database (Table 5), thus providing references for geological relic survey,

mineral resource survey, and water resource exploration.

5.2 New Understandings on Geoscientific Issues

(1) Rich microfossils were discovered in the stratotype section of the Taowan Group in
the map-sheet, including fossil chitinozoans (Desmochitina minor Eisenack and D. cocca
Eisenack et al.), scolecodonts (Pronereites Stauffer et al.), acritarchs (Rhopaliophora palmate
et al.), and bryophyte spores (Pseudodyadospora laevigata), some of which were found for the
first time in China. The microfossils feature multiple taxonomic classifications and short age
ranges. Therefore, the Taowan Group was determined to have occurred in the Ordovician,
possibly the Early Ordovician (Eisenack, 1962; Combaz and Penignel, 1972; Timofeev, 1973;
Johnson, 1985; Gao LD, 1986; Hu YX et al., 1986; Lu LC et al., 1987; Gao LD, 1991; Wang
ZQ et al., 2007). Volcanic intercalations were found in the Taowan Group, with a thickness of
5 7.7 m. They consist of metamorphic amygdaloidal andesites and biotite-bearing
metamorphic latites,- which are alkaline volcanics formed under extensional background.

Therefore, it can be inferred that extensional basins developed on the southern margin of the
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Table 5 Data in the geological map spatial database of Sanchuan map-sheet (I49E013014),
Henan Province

Data category Data volume Basic feature

Data of petrochemical 180 pieces 11 major elements in volcanics and intrusions

analysis

Data of trace element 180 pieces 31 trace elements in volcanics and intrusions

analysis

Data of isotope ages 19 pieces LA-ICP-MS zircon U-Pb ages of volcanics, intrusions, and

clastic rocks

Quantity of fossil sites 18 sites Chitinozoas, scolecodonts, acritarchs, and bryophyte spores

Quantity of mineral 33 sites Iron deposits (10), plumbum deposits (10), molybdenum

occurrence deposits (5), copper deposits (3), gold deposits (1), zinc
deposits (1), manganese deposits (1), graphite deposits (1), and
nephrite deposits (1)

Deposit types 5 types Hydrothermal type and skarn type: plumbum-zinc-

molybdenum deposits; sedimentary metamorphic type: iron
deposits, graphite deposits, and nephrite deposits; weathering
crust type: gold deposits; sedimentary type: molybdenum
deposits.

Quantity of springs 15 Mineral water

North China Plate in the Ordovician.

(2) Sinian glacial - aqueoglacial sedimentary conglomerates were found in Zushimiao
Village, Sanchuan Town. They are characterized by the development of glacial sedimentary
gravels and were determined to be from the Luoquan Formation based on characteristic
comparison.

(3) Most of the greenschists in the Sichakou and Xiewan formations of the Kuanping
Group were determined to be volcanic rocks. They are characterized by the development of
massive amygdaloids and high TiO, content, which belong to the alkaline series and tholeiite
series, respectively. The volcanic rocks were formed in an intraplate rifting environment,
indicating that the main part of the Kuanping Group was formed in extensional basins.

(4) Dike swarms of gabbros and aegirine syenites were determined in the outcrop area of
the Guandaokou Group in the northern part of the map-sheet by mapping. They belong to
alkaline series and are characterized by high content of rare earth elements and high TiO,
content. They are comparable to Qingbaikouian gabbros and syenites that are widely
distributed inside the Luanchuan Group in the southern part of the map-sheet (Tianjin Center
of China Geological Survey, 2019). Along with the dike swarms they constitute a bimodal
suite and jointly reflect the rifting event that occurred in the Qingbaikou period. Meanwhile,
Silurian (428411 Ma) alkali-feldspar granite porphyry dike swarms were identified in the
southern part of the map-sheet by mapping. They were analyzed to be related to intermittent
relaxation after the closure and collision of the Qinling Ocean in the Paleozoic, thus restricting
the closure era of the Qinling Ocean. The late Mesozoic intrusions related to mineralization
were broken up in detail, and five stages of intrusive activities were-determined according to

the contact relationships. Dioritic inclusions were found in the intrusive bodies in
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Huoshenmiao, Huangbeiling, and Nannihu villages, indicating that the intrusions of that stage
were mixed with magma at different levels. This will provide geological bases for research on
the magma origin and the genesis of super-large molybdenum-tungsten polymetallic deposits
in the Luanchuan area.

(5) The folds in the study area were mainly divided into three stages, namely early
Paleozoic, early Mesozoic, and late Mesozoic. The northern boundary of the Taowan Group
was found to be in para-unconformity contact with the Luanchuan Group, and the fault
between the southern boundary of the Taowan Group and the Kuanping Group was determined
to be the Luanchuan fault. Three stages of activity were determined in the Luanchuan fault
zone, namely the early Paleozoic, the early Mesozoic, and the late Mesozoic, with the early
Paleozoic being the main activity stage. The activities of the three stages show northward
nappe, southward nappe, and left-lateral strike slip, respectively. The geological structures in
the early Paleozoic, the early Mesozoic, and the late Mesozoic in the study area were
demonstrated to be responses to early Paleozoic collisional orogenesis, early Mesozoic
collisional orogenesis, and the convergence and thickening of the peri-Pacific system and the
extension and thinning of the lithosphere, respectively.

(6) Eight mineralized points were newly found and one prospecting target area was
determined.

The achievements of the Database will provide basic data for future geological and
mineral survey of the study area and promote the ability of geological and mineral survey to
serve mineral prospecting and exploration, prevention and control of geological disasters,
conservation and restoration of ecological environments, spatial planning of land, preservation

of and scientific popularization of geological relics, and scientific research and teaching of

geology.

6 Methods and Recommendations for Data Usage

The Database boasts broad application prospects. It can be used as the basic database of
the basic geological maps on similar or different scales. It can also provide basic data for
regional and local geological hazard prevention and control and ecological environment
protection. It is in the format of MapGIS vector data, and contains the composition of various
mapping units, the lithofacies characteristics of volcanic and metamorphic rocks, fault
properties, and attributes of attitudes and samples. The detailed data in it are easy to query and
highly editable. Furthermore, they can be superimposed and combined with other data in the

same format and further re-processed. Therefore, the data in the Database can be easily shared.

7 Conclusion

(1) In the 1 :50 000 geological map of Sanchuan map-sheet (I49E013014), Henan
Province, basic sequences in the sedimentary rock areas are divided, and the special geological
blocks and informal mapping units are highlighted by adopting tectonic and lithologic

mapping. Meanwhile, mapping precision was improved by the mapping method.
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(2) Microfossils of multiple taxonomic classifications and short age ranges were
discovered in the stratotype section of the Taowan Group. Hence the Taowan Group was
determined to have occurred in the Ordovician, possibly the early Ordovician. As indicated by
the alkaline volcanic intercalation found in the Taowan Group, extensional basins developed
on the southern margin of the North China Plate in the Ordovician. The greenschists in the
Sichakou and Xiewan formations of the Kuanping Group were determined to be intraplate
volcanic rocks, indicating that the main part of the Kuanping Group was formed in extensional
basins.

(3) Dike swarms of gabbros and aegirine syenites were newly determined in the the
Guandaokou Group in the northern part of the map-sheet by mapping. They belong to alkaline
series and are comparable to Qingbaikouian gabbros and syenites that are widely distributed in
the Luanchuan Group in the southern part of the map-sheet. All of them jointly reflect rifting
occurring in the Qingbaikou period. Silurian alkali-feldspar granite porphyry dike swarms were
newly determined in the southern part of the map-sheet by mapping. They were formed owing
to relaxation after plate collision, indicating that the closure era of the Qinling Ocean should
not be later than the Silurian.

(4) The fault between the southern boundary of the Taowan Group and the Kuanping
Group was determined to be the main part of the Luanchuan fault. Three stages of activities
were determined in the Luanchuan fault zone, namely the early Paleozoic, the early Mesozoic,
and the late Mesozoic, with the early Paleozoic being the main activity stage. The activities of
the three stages show northward nappe, southward nappe, and left-lateral strike slip,
respectively. Correspondingly, three stages of folding were developed in the map-sheet. The
geological structures in the early Paleozoic, the early Mesozoic, and the late Mesozoic in the
map-sheet were demonstrated to be responses to early Paleozoic collisional orogenesis, early
Mesozoic collisional orogenesis, and the convergence and thickening of the peri-Pacific system
and the extension and thinning of the lithosphere in the late Mesozoic, respectively.

(5) The Database systemically reflects the basic data and new understandings obtained
from this geological survey. It contains large amounts of data and is easy to query. It will
provide basic data for mineral prospecting and exploration, prevention and control of
geological disasters, conservation and restoration of ecological environments, spatial planning
of land, preservation of and scientific popularization of geological relics, research on the
Qinling Orogenic Belt, and geological teaching.
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