Advances in Geosciences HLERR} £ RS, 2018, 8(2), 266-274 Hans )i
Published Online April 2018 in Hans. http://www.hanspub.org/journal/ag
https://doi.org/10.12677/ag.2018.82028

Statistical Analyses of Geochemistry of the
Limestone from the Neoproterozoic Zhangqu
Formation in Northern Anhui Province

Liangbing Wang, Linhua Sun, Huili Cao, Yupeng He, Yuhang Wang

School of Resources and Civil Engineering, Suzhou University, Suzhou Anhui
Email: 1162801097 @qq.com, sunlinh@126.com

Received: Mar. 21“, 2018; accepted: Apr. 9th, 2018; published: Apr. 16th, 2018

Abstract

Geochemistry has played important roles for the research of sedimentary geology. In this study,
the limestone from the Neoproterozoic Zhangqu Formation in the National Geological Park of the
Lingbi Stone has been taken as a research object and the geochemistry of the rocks has been
measured based on the systematic collection of samples, and then analyzed by statistical analyses.
The results indicate that the geochemical compositions of the limestone rocks from the upper and
lower formation are different with each other, and both of them are characterized by high Ca con-
tents with low other elements, which is probably related to the change of the sedimentary envi-
ronment. Based on the statistical analyses (including correlation, cluster and factor analyses), the
10 kinds of elements have been classified to be 3 categories: the Al-K-Ti-Fe (representing the ter-
rigenous detrital), the Ca-P (representing the marine facies) and the Mg-Mn-Zr-Ni (other). And
three ratios (Al/Fe, Ca/P and Al/P) have been constructed for the discussion of the terrigenous,
marine characteristics and the contribution of terrigenous versus marine, which was then applied
for the analyses of the sedimentary environment of the Zhangqu Formation, and then found that
there was no significant change of the marine environment during the formation of the lower and
upper Zhangqu Formation, but the terrigenous contribution changed significantly.
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1. 518

AR R FUA A R AR, B BRI, S A R AL AR R
¥, REAE A EAMERAL A R SRR BB RS RA AP T MERETTERMFEL R AR,
Pra A s s B ARG IE AT S A A 1. AEYTAR 20, S ERAG 22 7y U B IR B 70 #r
HERG AR Z R 7+ DI R 3 A AR AR SR AR TS 2 AN T AR 1 AR AI[A] [2] [3] [4]

fie AL DX 6 vt AR R PR DA R (7t R BE A 4 2 RS ), TS| TARZ 2B IO, — &
FIWETEAF LA o AR5 [SIM L A 2 M UURR A I TE TS Y MTS BRFR A 19 2 AR [P Rk K
EAERHE, SRR BB IR E TR E s ol R TS e SR (618 1 Xt [F) AL 2R R A 2
FIRMERRIR a2 P Foot AT — e, RAARIRIOI BRI S AR T K4 1600~650 Ma
I8 d AR 71 AR e L R IR DR e AU R VTR . eI R A BRI
R JZ 2 DR (F AT AL 3 ) B R h s A AP AL I 7E, SR 1 b4 AR 32 Rl 70 A0S O DT SR R 45 1 s
W ZLARAF SR A A MR AR T T ER B I X F A B IR £ B AR s TR R A5 [9]38
RO AT St B T BT FUAS A I S R R E AR LR R A RV IR K AR B JE AR R R B B
SE[101E I YRR = e J2 e b 2= 2 75 T (KO RIE TE N F A R 2 A vh B ey AR P A A ST RE Sk 1
ARIRIEL A2 A AR AR AR T S b f P — S

ERER T, SRRV F IR B AR W, JCHR B A M ARG A AE BB AR T
Fotth SR AL % 52 KT, AH HATGRZ AR, JCHR IR AR T, XA L) 1 sk BRIt
BOREE Y 2R R BT, JUH RS A A Uk A 32 1l PR ) B A

AL LA BE A TR ZR 57 2 Tl % el X 28 2 1y (7 T 5 B B v SRR 30 R T SR ZH b J2 9 T B2, A2 B
SRR AR b, 0 BTN ERREAT 7 ARGURAE, JERIM X SO CGHAT TR IR A R,
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Figure 1. Geological map of the study area
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3. TEFEFHE

FEAIAA R WA 1o W LW AEH, RIEA R HAKE T Ca & AN R, /T 54.1%~56.5%2

Table 1. Concentration of trace elements (%), H and BH are lower and upper ones, respectively

F 1 METEEM (%), HF BH 57350 T8 L3R+

T il Al Ca Fe K Mg Mn Ni P Ti Zr
H1 0.046 54.1 0.142 0.412 0.470 0.005 0.027 0.334 0.000 0.053
H2 0.110 55.1 0.197 0.534 0.459 0.012 0.031 0.349 0.012 0.075
H3 0.135 55.6 0.582 0.499 0.520 0.006 0.030 0.351 0.008 0.007
H4 0.074 55.1 0.877 0.431 0.476 0.005 0.029 0.349 0.011 0.092
H5 0.000 56.1 0.128 0.423 0.504 0.013 0.036 0.356 0.000 0.087
H6 0.232 55.3 0.358 0.542 0.514 0.009 0.030 0.352 0.023 0.090
H7 0.116 55.7 0.384 0.483 0.500 0.008 0.028 0.350 0.008 0.028
H8 0.009 56.5 0.093 0.353 0.490 0.010 0.029 0.356 0.002 0.061
H9 0.000 55.6 0.135 0.430 0.526 0.013 0.033 0.361 0.000 0.118
H10 0.151 54.9 0.383 0.462 0.560 0.009 0.029 0.348 0.005 0.104
H11 0.067 55.4 0.187 0.504 0.505 0.009 0.029 0.359 0.000 0.043
H12 0.000 55.9 0.119 0.381 0.550 0.012 0.032 0.356 0.006 0.111
H13 0.177 54.8 0.489 0.454 0.503 0.012 0.026 0.343 0.019 0.088
H14 0.290 54.4 0.467 0.600 0.547 0.014 0.033 0.339 0.014 0.098
H15 0.000 56.4 0.115 0.534 0.517 0.013 0.030 0.356 0.000 0.084

SEME 0.094 55.4 0.310 0.469 0.509 0.010 0.030 0.351 0.007 0.076

BH1 1.32 48.8 2.29 1.36 0.604 0.037 0.029 0.309 0.057 0.045

BH2 0.356 53.9 0.686 0.633 0.538 0.025 0.028 0.338 0.024 0.074

BH3 0.090 55.6 0.326 0.484 0.522 0.009 0.026 0.351 0.018 0.080

BH4 1.04 49.6 1.34 0.773 0.671 0.049 0.029 0.308 0.050 0.106

BH5 1.17 48.7 1.37 0.883 0.659 0.049 0.023 0.308 0.056 0.101

BH6 0.282 54.5 0.449 0.656 0.535 0.011 0.033 0.350 0.016 0.084

BH7 1.18 49.1 141 0.834 0.681 0.048 0.024 0.308 0.056 0.106

BHS 1.42 47.3 151 1.06 0.719 0.047 0.023 0.293 0.072 0.096

BH9 1.19 49.0 1.36 1.19 0.687 0.046 0.029 0.311 0.057 0.104

BH10 0.331 54.5 0.369 0.693 0.560 0.014 0.025 0.349 0.024 0.083

BH11 0.364 54.3 0.299 0.629 0.546 0.012 0.023 0.340 0.028 0.077

BH12 0.847 51.8 0.628 0.685 0.573 0.010 0.028 0.328 0.036 0.065

BH13 0.296 54.9 0.395 0.586 0.525 0.012 0.024 0.357 0.028 0.081

BH14 0.317 54.5 0.466 0.600 0.556 0.010 0.029 0.340 0.008 0.084

BH15 0.160 55.1 0.334 0.483 0.477 0.010 0.028 0.345 0.023 0.078

SEIH 0.691 52.1 0.881 0.770 0.590 0.026 0.027 0.329 0.037 0.084
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(], “F3I°8 55.4%, HAMITRMEEAMN Ca s EK, Al. Fe. K. Mg. Mn. Ni. P. Ti fl Zr F &1
S S3 )4 0.094%. 0.310%. 0.469%. 0.509%. 0.010%. 0.030%. 0.351%. 0.007%#1 0.076%. fifs
TR GEMNERRKICN Ca> Mg > K >P>Fe> Al > Zr>Ni>Mn> Ti.

FHECEOM 5, SRR L2 2CE BAA AN N RAKH Ca &&, JPME N 52.1%, 1fi Al Fe. K.
Mg. Mn. Ti f1 Zr WARXS E3AKE s, FHE &2 58 0.691%. 0.881%. 0.770%-. 0.590%- 0.026%-
0.037%7#11 0.084%, Ni Al P & &AHXS EEACE WA, H-F3ME 737124 0.027%41 0.329%.

4, BIBG 0
4.1. TENHEXMESH

AL TR FERT A B2 A B M R MR A BT R BEAT 70 Hr, T B P32 B R SR A SR )
RERL . FEMERAL SR FU AR, SRR A S I 1 70 2 25 18 R A L R B RIR[ L1 T TUOARE T 5, AR
PESF TR AT RESE AP e T RS E A AR R IOV F R TR A A e T A R AT i BR AL 22 RRAE
PARZSEMA EA T R M i . AR AT [12], BRI s I ORR Y, B3 T BT AR AR 5 2% AR 245
MUY, HotRAG BT, XA E, EVUTRZERRR, WTUOYFHRFAFETRREMER .

ASCHE TR R ECE AT TR T, SRR AT A R LA 2 AR 3. BU&A 16 DMRERL, X
LR EPER T @ = 0.05 PIAHR REUE FUEAN: 1, = 0514, WK 2 WTRLEH, THEKAE Al-K-Ti-Fe. Ca-P
ZIRVEAT 82 M IEAH O, 17 AL Ca 22 [A] USRI H 8 25 A SR oG o - B BACE 1 5 (% 3), AT e
KMo AL, HALZ AR M AR &R, A8 —41 Al-Mg-K-Ti-Mn-Fe-Zr Z [A] HAT W]
MIIEAHSS, 5% 41 Ca-P Z [ HAHIEKIEMI, ZREKE, Lk LA TS, Al-K-Ti-Fe 2 [H#4
BARZFMIEMR, 1M Ca-P 2 A BA MR A IEH XK, HIXM LR RWIX L TT R 2 18] ] Be A7 £ A 11
BRAR[11]. S5 ERT ANFTFURE, AU AT RE S 1 Fh VA TS W B o iR (AL AR PERE T R), 1053 0 Sk
TR TR (Ca AR YERATITR) .

4.2. BESH
RN HT I T R AT T — AT FO B S [ (AL e T AT oK o FEHEREL 220 7T,
BRI 2, WTESS JPRIEMAT . FIH R AR NS R 53 WU AR, 428

Table 2. Results of correlation analysis (lower samples)

2. EARMDIER(TERFR)

Al Ca Fe K Mg Mn Ni P Ti Zr

Al 1.000

Ca —0.604 1.000

Fe 0.544 —0.388 1.000

K 0.693 —-0.304 0.241 1.000
Mg 0.230 0.079 —0.024 0.148 1.000
Mn —0.023 0.278 —0.474 0.216 0.377 1.000

Ni —0.180 0.321 —0.286 0.090 0.317 0.581 1.000

P —0.552 0.832 —0.353 —-0.213 0.180 0.295 0411 1.000

Ti 0.800 —0.382 0.563 0.445 0.002 —0.003 —-0.220 —0.366 1.000

Zr —0.028 —-0.073 -0.113 —0.091 0.383 0.570 0.396 0.100 0.126 1.000
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Table 3. Results of correlation analysis (upper samples)
7= 3. HAM IR (LIBFEMR)

Al Ca Fe K Mg Mn Ni P Ti Zr

Al 1.000

Ca —0.994 1.000

Fe 0.917 -0.911 1.000

K 0.865 —-0.841 0.912 1.000
Mg 0.915 —0.934 0.770 0.725 1.000
Mn 0.887 —-0.923 0.853 0.729 0.918 1.000

Ni -0.171 0.178 —0.016 0.023 —0.245 —0.204 1.000

P —0.964 0.980 —0.882 —-0.781 -0.921 —0.913 0.179 1.000

Ti 0.954 —0.960 0.864 0.811 0.887 0.896 —-0.335 —-0.927 1.000

zr 0.272 —0.345 0.074 —0.004 0.589 0.545 —0.239 —-0.357 0.327 1.000

RFAF RIRIFL3], WAEN I FAOKIERA I Q BUREAHTRFE M kI R LA RIS, M
F TR A R S K IR [14] . X TARSCIM S, STl LUK I I R 2 (R SR BR (R AL, T AH DR PR 43 #T),
MR (LA R @R A5 R .

AP T, M CREAT T R BRFSMT(RET LN Ward, HEESN Pearson), £ 4015 2
fizme WEIRFTLAEH, Tl FACE L2 EKE, FraMIcRE S NHRA RS, B ETNHKEZ
[ A7 —E X . Horp KA Fe-Ti-Al-K 8—3%, 17 Mg-Zr-Mn-Ni-P-Ca H—2%. ¥ K& Ca-P-Ni
=2, 1M K-Fe-Ti-Al-Mg-Mn-Zr y—28, X —25 R 5 M CPE M 45 IR FOg— 8005 T FH 7 b
gE b Ni)o

4.3. AFoH

7o b R 5 TRE4ER AR, 2 REAERRANEES N IAGREEF RS 7% [15].
MRS TR, G I — AR TR LR Bl B A R E B R [16] [17] [18]. X T4
ROt S, JPRE T4, v LEIE 2 Moo R wi e /D B8O LA BA R R, A faife o 2=
XoF P B AN EL AR AR 2

AU FERE BN FICE 3 AT TR br, S5 RaE 4 s, WERTATDEH, EEFEFFEE R
T 1 HHTIEAC e G, FEARCAILIREGHE T 3 MHEF, Har 7 2RI 56.1%, 1 FiRAL
B T 2 /N, BT ZERRERAUN 64.0%. X T FEKET S, BT 17 ZMPEE NN 19.1%,
1E Al KA Ti EEAREFIESAT, W Fe BEARERIERSA; BT 2 M7 Z/MBE%EN 24.5%H.1E
Mn F1 Zr FEA R IERM, ME Mg fNi FEA R ERIERA; BT 3 M7 Z@EE N 12.5%H1E
Ca Ml P FHEAREMIERAT . AT EIMKENS, B 187 ZMEEE)N 46.0%, 1£ Al. Fe. K. Mg.
Mn F1 Ti EEAE W IERAT, fifE Cay P EEARSIFAEMN: BT 2 7 ZMBE%EA 18.0%HAE Zr
FHEAEBEAIERM, TE Ni B T ey .

5. 7Hig
MR BB G 0BT R T LA B AN T R 1) A RIVUR IR R R I A e e R o AR
WIRINE R 2) [A— 70 BRI UTRIREE T B 7 2 v FoR P (R S [ 2 AR A . (R,
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Figure 2. Results of cluster analyses (left-lower, right-upper)
2. BRESMER(ETIELEHR)

Table 4. Results of factor analyses (upper samples)
4. EFOERFL-F3 TERHESR, FLF F2* L3RHEMR)

F1 F2 F3 F1* F2*
Al 0.889 0.053 —0.385 0.974 0.160
Ca —0.303 0.076 0.877 —0.969 —-0.220
Fe 0.598 —0.345 —0.279 0.971 —0.085
K 0.828 0.151 0.050 0.931 —-0.181
Mg 0.222 0.618 0.110 0.860 0.451
Mn 0.013 0.856 0.222 0.879 0.388
Ni —0.059 0.683 0.382 —0.034 —0.687
P —0.251 0.210 0.850 —0.941 —0.244
Ti 0.764 0.024 —0.318 0.922 0.290
Zr —0.153 0.823 —0.294 0.170 0.848
FEAFAE 1.91 2.45 1.25 4.60 1.80
T EfRRER 19.1% 24.5% 12.5% 46.0% 18.0%

HIH TC 2R (45 e EUAB A5 R 0 W ICE IR, 15 MR P — 28 70 3K S HE EU BRI REAFAE ANIE T 1 1]
i B ARG TEXT R TCER A &K RREF S E R TR IF AR R A T RE S N & flinfeEAR
TR R A, NERACAH Mg Zry Mn A Ni AT E 2SIV A O, POV R, R
Tl R F o # T LUK, X)L JCER S Ca P AAMMNEYIN R, HEXT EEKEmS, X1
ANTCER MBI 5 A & O E DI R &R (14 2).

MEA B a] DOREL, X FABE SR 10 ROTER 5, TR LAICAIR2 TR ACA . el
Kk LRI 338 — /UL AILK-Ti-Fe UAURMIBAHARICTTER, — /&L Ca-P NAARAVIFAIMR TR,
=B Mg-Mn-Zr-Ni 7£ NI TT R (HORIEATEE, T RES2 il T At w] §E 2 ) TR A) . BRIk,
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Al-K-Ti-Fe 2 [A] (1] LUAE N 1% AT BAFH T 23 BBl M FRREAE , S 2 Ca-P 2 [ (1) BUAE DU o] CLFH 70 A i AH IR ARFAE
1M Al-K-Ti-Fe 5 Ca-P 2[R i) LU AR W) T 58 5 22 1 S e 1 ek AR RHIRE AR 2 AT DTk 22 57 o BT omi it Al g4
AHTNIRE TR, FRATRIEE T a0 R EfE, 845 AllFe. Ca/P Al AP, Ffxt Hdth i 32 CHEAT T bt it .
I3 :

1) Al/Fe: [F2N Al Fil Fe ¥ 5 FEJRIEJEA 9%, PRI — o AE = 2 e 7 IR A 5 I REAE . 1T 5 &h IR 3R
By, THEKEH AllFe N 0~0.648 (“F-34 0.303), _L#fikA N 0.276~1.35 (*F34) 0.784). iXFHELLULH, 5K
IR R IACA Hh B AR BT R 2 7ESRUR BT RRRAE T R

2) Ca/P: [KN Ca fll P ¥y 5iAHA 2, RO — ol et 7 A R R4S IE . THE S REW, F
KA CalP Ay 154~162 (T34 158); L #BAK A N 154~161 (77 158), b N2 — . X PP Bl i ie
SR IR bR BB T A TTRR S 4 F A W AN R, YK I AT (2 RARRAE ) R X A R

3) AlIP: 1% LUAE 3 S Wit A AR AR DTRR A XS 284k . R EBACE H AlIP 2y 0~0.855 (145 0.268), Ifij
FERAE T AP 4y 0.256~4.85 (133 2.10), MIEAEENIRINZESR, WU EEACE i FfiAH sTmk B ] W] 2
63X 5 SERRAB LA — B0, TS ACE A Al i Tk AR A R g I T R E R (R ) -

TELMERRRFE R, A2 o0 R &I AR S TUORRER S 204, a0 Fe/Mn 8 H T 23 B K IR [ 1]
Ca/Sr B FH T3 i ik Eh FE[2] 5556 . (B ANAHI TG DLoRE , FelMn [ B IR) 2 g AH-ifi AH 22 18] PR A 6 5
Wk, PRI AT DUA T [ M DURRIR B /KR K R, BN T B3BACE T &, Fe/Mn S 2 B 5 ) A2 4
DRI AS @ FH T K R T

6. &g

TR B AL HE DX TG AR IR A R AR A A R B Si vt o i, BRI

1) fKIRA EFHAKE T Ca SEMNER, HALTRSEMNEBACHE LT KEETRAR FAEE
ZR, WRESPURBIAEE KRB 5%

2) MR, BREETFOME TR N 33, Al-K-Ti-Fe. Ca-P fl Mg-Mn-Zr-Ni, 73 5IACE A
TEAF R L A

3) M T AllFe. Ca/P Fl AP, 43 A THRUTREIR . WAHRRIE S B iAok, IR KRBTk R4 B R
BRI AHIA B E B2 5, (EREUR TR B AR R .
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