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Abstract: Phosphorite is an important phosphate ore resource, and is mainly developed in the platform facies of
continental margin. The thickness of phosphorite is stable and slowly changing in a certain spatial range. Therefore, the

polynomial trend surface analysis method is very suitable to describe this spatial evolution characteristics. In this study,
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data of 88 items associated with the B ore layer, which were not obviously disturbed by faults or uplift denudation, were
collected from exploration projects of the Yingping oreblock Gaoping Mining area, Wengfu Phosphate Mine. Taking the
thickness of the B ore layer as a dependent variable and the geographical coordinates of the exploration projects as
independent variables, a demonstration study on the 1-5 orders polynomial trend surface analysis method applied in the
exploration of sedimentary phosphate deposit in depth has been carried out. The main following results and understandings
are obtained. 1) Coordinate selection: Based om the spatial scale of exploration area, the coordinate simplification through
the coordinate translation can highlight the spatial evolution characteristics of dependent variables; 2) Data transversion:
The data transversion of dependent variable and the proportional scaling of independent variable have no effect on the
degree of correlation between variables, but the range normalization and range standardization have weak effect on the
correlation between variables; 3) Optimal trend surface discrimination and anomaly characteristics: Based on the contour
map of B ore layer thickness, combined with the collaborative changes of goodness-of-fit and F-test value of the trend
surface, the 3 order polynomial trend surface is determined to be the optimal trend surface (with the goodness-of-fit of
77.39% and F-test value (F) of 39.11 which is larger than F; (7, 87) (about 3.94)), and the positive anomalies of the B
ore layer thickness are mainly concentrated in the eastern central part of the Yingping oreblock. 4) Palacogeomorphic
characteristics: The contour map of negative value of the optimal trend surface indicates that the Yingping oreblock of the
Late Doushantuo period is a lagoon gradually deepening eastward from the Wengfu Island in the western margin, the
Tanjiayuan underwater highland and Wanzi Peninsula in the north and south sides, respectively, and may be restricted by
the Shangtang-Qingping barrier island in the far-east side; 5) Exploration prediction: Based on the previous research
results of lithofacies palaecogeography and exploration projects, combined with characteristics of the optimal polynomial
trend surface, it is comprehensively predicted that the east side of the Yingping oreblock has great potential to find thick
and large B phosphorite ore layer. The results show that the polynomial trend surface analysis is reliable in the exploration
of the deep part of phosphorite deposit and is of important application value.

Keywords: polynomial trend surface analysis; exploration in depth; phosphorite; Yingping oreblock; Wengfu phosphorite
deposit
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Fig. 2. Spatial distribution characteristics of the B ore layer thickness in II ore body in the deep part of the Yingping oreblock.
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Table 1. Relevant parameters for data of 89 items of exploration projects in the Yingping oreblock

T Xkm Ykm BHEEE/mM  E@HEm FR{Em T Xkm  Vkm B EERE/MmM  EFHME/m  FRAE/m
ZK606  7.08  2.41 7.61 18.16 -10.55 | TCI10INW 636  -0.15 0.13 -0.33 0.46
ZK209 752 1.66 19.41 27.24 -7.83 ZK307 733 075 16.12 15.65 0.47
ZK101  6.80 120 8.87 14.65 -5.78 ZK207 713 172 21.99 21.51 0.48
ZK205  6.66  1.85 9.32 14.96 -5.64 TCI102NW 623  -0.17 0.81 0.29 0.52
ZK203 647 190 7.29 12.55 -5.26 TC904NW 635  0.12 2.68 2.15 0.53
ZKS6 683 187 12.43 17.27 -4.84 ZK804 671 277 13.89 13.20 0.69
ZKS9  6.88  0.56 439 9.11 -4.72 ZK015 627 165 10.16 9.36 0.80
ZK008  6.78 151 11.34 16.00 -4.66 ZK605 6.99 239 18.32 17.46 0.86
ZK007 659 157 8.80 13.45 -4.65 ZK 109 787  0.87 23.77 22.84 0.93
ZK703  6.67  0.30 0.00 4.56 -4.56 ZK705 659 032 5.52 4.54 0.98
ZK1+01 679  1.11 10.06 14.03 -3.97 ZKS5 707 146 20.92 19.87 1.05
ZK505 725 0.46 5.79 9.42 -3.63 ZK108 772 095 24.14 22.99 1.15
ZK1002 679  3.05 7.47 11.09 -3.62 ZKA405 6.74 215 17.03 15.81 1.22
ZK508  7.72 032 2.86 6.39 -3.53 QJ1303 6.02 -0.14 2.78 1.50 1.28
ZKO012  6.69 154 11.30 14.73 3.43 TCI103NW 641  -0.15 0.85 -0.60 1.45
ZKO017 734 138 20.39 23.38 2.98 ZK404 7.05  2.05 21.38 19.84 1.54
ZK201 631 197 7.96 10.78 2.82 ZK403 6.92  2.10 19.63 18.08 1.55
ZK107 749  0.96 17.88 20.65 2.77 ZK202 638  1.94 13.19 11.57 1.62
ZK006  7.19 142 18.71 21.46 2.75 ZK301 6.62  0.93 12.31 10.68 1.63
ZK701  6.86 025 1.75 4.08 2.33 ZK802 6.89 270 16.07 14.27 1.80
ZK704  7.04  0.19 0.88 3.10 2.22 TC903N 629  0.08 3.77 1.90 1.87
ZK1+02 672 1.11 10.91 13.07 2.16 ZK105 719  1.07 20.51 18.59 1.92
Q1104 564 -0.19 1.03 3.18 2.15 ZK1003 6.92 3.0l 13.52 11.17 2.35
ZK507  7.52 0.4l 6.89 8.92 2.04 ZK208 724 170 25.56 22.99 2.57
QJI501 593  -0.68 0.50 2.30 -1.80 ZK304 702 0.83 16.87 13.98 2.89
ZK009 698 146 17.09 18.68 -1.59 ZK302 6.71  0.90 14.72 11.46 3.26
ZK803  7.05 270 13.66 15.09 -1.43 ZK602 651 252 17.27 13.19 4.08
7ZK103 691  1.17 14.73 15.99 -1.26 ZK206 7.05 181 24.62 20.28 4.34
ZK303  6.84  0.87 11.47 12.62 -1.15 7K 104 712 1.10 22.46 18.13 4.34
QI903 610  0.01 0.60 1.65 -1.05 ZK706 7.66  0.05 1.05 -3.60 4.66
QI902 624  -0.06 0.34 0.98 -0.64 QJ1301 593  -0.16 6.61 1.87 4.74
ZK014 640 1.6l 10.48 10.93 -0.45 ZK504 6.76 0.8 13.36 8.60 4.76
QI901 632 -0.08 0.24 0.49 -0.25 ZK603 6.62 248 18.75 13.91 4.84
ZK903  6.60  0.01 0.33 0.52 -0.19 ZK305 722 077 20.93 14.91 6.02
ZK901  6.41  0.07 1.56 1.71 -0.15 ZK306 7.14 079 20.62 14.55 6.06
QJ1101 616  -0.16 0.73 0.81 -0.08 ZK1101 6.71  -0.33 0.00 -6.22 6.22
ZK106 732 1.05 19.95 20.02 -0.08 ZK503 6.65  0.62 14.46 8.20 6.26
QJ1102 570  -0.05 2.13 2.17 -0.04 ZK402 659 219 20.39 14.07 6.32
ZK902 650  0.03 1.15 1.14 0.01 ZK211 7.66 1.8 38.43 29.23 9.20
ZK801  6.62  2.80 12.99 12.88 0.11 ZK407 715 2.04 31.32 21.21 10.11
Q1302 592  -0.41 2.35 2.11 0.24 ZK501 6.46  0.67 17.42 7.03 10.39
ZKCS3  7.08  0.13 1.90 1.66 0.24 ZK401 6.46 222 23.50 12.81 10.69
ZK001  6.87 148 17.59 17.20 0.39 ZK502 6.55  0.64 19.43 7.61 11.82
QJI103  5.69  -0.08 2.78 2.38 0.40 ZKCS2 732 179 36.97 24.22 12.75
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Fig. 3. The statistics histogram and contour map for the B ore layer thickness in the Yingping oreblock from

the Wengfu phosphorite deposit.
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IR A AR B R OLIIEL IR 25 12 A8 B 1) P PMEL, FEBR DLz A B N hnifE 22, S5 JE A BN 20{EN 0,
JIZEN 15 A2 1A A B P A WMLk 25 12 A S LML 14 /ML, 7Bk A2 AR B LB O A 22
e 40 B 73 A AE 0~1 Z [l

33.1 BRSHIEGHE EHALF AT ZAT AL

B E BACE CRHTHRAR ) TS AR Bt AT Ha A i o, xTEEsR 2 Ak 3 K,
ATRURIL, 3 FfEOLT (RIAZ R AR e, PR B 72 IE A AR HE ZE AR AEAL ) AN [ B 22 T 4 i
TAcE . B HEM FRSES M, mia ERAMZER (0.01%~0.02%) K H 15 MEE Y
HINFERREE, RIS R R A B A AN N 2 DU T 4 R . R, A SRR B
HARFHE, W RLSERAE R BELTed B 125 R AT R AL e
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Table 2. The results of 1 —5 orders polynomial trend surface analysis from the original coordinate system to the
simplified coordinate system
A, JFIEARR R CRBL: m) B. fiifbhbr R Cf7: m ¥ km)
AR IR HEE  F WEE  BBERK S5 A B HE F WAE
-k BV 3573.411 2 43.63  50.36% -k BV 3573.411 2 43.63  50.36%
W7 3521.787 86 W% 3521.787 86
Mt 7095.198 88 mit 7095.198 88
T . (FE), VX AR . (FE), Y, X
ZR E]E| 3573.541 2 43.634 5037% /¢ E]E| 4947.917 5 38251 69.74%
L 3521.657 86 L 2147.281 83
it 7095.198 88 Mt 7095.198 88
A e (R, XY, ¥ TR (B8, XX PR YX
=X BV 3573.671 2 43.637 50.37% =R EYE 5204.699 7 31.857 73.36%
W7 3521.527 86 i &= 1890.498 81
Hit 7095.198 88 it 7095.198 88
A E: (W), Xy, Y WMARE: (&), XX, Y, VP, X XY, P
IRV E]E| 3573.801 2 43.64  50.37% Uik/e E]E| 5229.245 8 28.025 73.70%
[ & 3521.397 86 [ & 1865.952 80
Kt 7095.198 88 Mt 7095.198 88
A R (FE), XY Y WA (FE), X, X7, XY, X P Y X
FR B 3573.948 2 43644 5037% Hik EJE| 5295.298 9 25.824 74.63%
L% 3521.249 86 L% 1799.9 79
it 7095.198 88 it 7095.198 88
AL . (FE), XY, Y WA E: (F&E), XYY,V V7X 7 XP P XY
i AR R (A m) FIRIHLARAR R (BAA7: km) AU B4 e 4 —2
X3 EHEaZENFEREIMTEERLEN 1~5 REGNEZEMTER
Table 3. The 1—35 orders polynomial trend surface analysis results for the data transversion of dependent variables
when fitting independent variables
A, R ERR 2 EMAL B. AR EhRdE AR
AT XL SFAR HBE F MEE AR TH L SFAR HBE F MWEE
—K EVE 2.42 2 43.63 50.36% —K EVE 44.824 2 43.63 50.36%
k7 2.385 86 k7 44.176 86
Bt 4.805 88 Bt 89 88
TN R: (F8), VX AR E: (HE), VX
ZIR EIVES 3.351 5 38251 69.74% /Y EIVES 62.065 5 38251 69.74%
BR 7 1.454 83 B#E 26935 83
Mt 4.805 88 it 89 88
AR (FE),XLXE P YX AR (FE),XLXE Y X
= EVES 3.525 7 31.857  73.36% = EVES 65.286 7 31.857  73.36%
k7 1.28 81 k7 23.714 81
Mt 4.805 88 Mt 89 88
WA E: (W), XV X, Y, ¥, X, XY, ¥ TRMAE: (FE), XX, 7, P X XY, P
TR EVE 3.541 8 28.025  73.69% 1N/ EVE 65.594 8 28.025  73.70%
B 1.264 80 B#E  23.406 80
Mt 4.805 88 it 89 88
AT E: (EE), XV, XY, XY X Y XY AT E: (EE), XV, XY, XX Y XY
ik EVES 3.586 9 25824 74.63% ik EVES 66.423 9 25824 74.63%
k72 1.219 79 k72 22.577 79
Bt 4.805 88 Mt 89 88
TR R (), XY X0, P, X X, P XY BAE . (i), X', X0, ¥, ¥, X, ¥, X7, ¥, X7
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332 B & EHIE MR E ENALAATAE ZFF AL

HREE N R CABHT BRSO Txt B AR AT SR ARG I, X R 2 MR 4 4R,
HARARAE 1R 2 A 3 RETGUESHE 2, 3 MG T (BREALH., HRERE LML
AR HEZARHEAL) A4 R EeME. N 4 OB IR T8 R A T —E 2k, WE
AR R AR BN 22 LRI EZE AR dELL, ) E AT LERRT SR (S I, 5 @S i iscom W, B M
9 35l LTt 13 1 20, FaBI T BRI RIEENE A SR F RS AE I R, il A AR I
ZBEATIR BT (R 4). Ik, BXSPs BB it, B #7255 St B AR KR [a] ] BEA A7 AE
BHARIEN R, LA H RGN AR I A 2 W7 R 2L, 2 iaE s mm o b Al DL
AANTE R AR AR i AT BR A e

3.4 ZHF B B EREENZAXBHE TS R EHAE

MRAEFTHEI 18, FRATEX TSP B B 128 B 1) 2 Bl A Tm o A bR F WA ALbR R (B
km), WA AR BT IR AR e, W SPEy L 88 MR TIE B W2 R IR AT T — KB IR 2 i
BT, MAHRERNE 2. N 1RSS5 s, FRIEM 48.13 FIEE 31.98, UETE C N
53.11% FF+3) 78.68% (Kl 4D, H, FRIAAMERKKBEMKAELTEN 2 EHRmE 3 xahm CFE
6.49), HUCNM 3 PG F] 4 Yo (4.81). BEFEEMERKBKAELEM 1 TGEHATR] 2 U
M (4N 20.44%), FHUCRM 2 PGEHBTE] 3 YOS (G 3.84% ). ki {E A0l & B2 1 i K4k
B EA, FELSS B ZMEEARE (B 3b) ST REBH A E.

R4 FREEREX BERETIIEERN 1~5 RERREH T4 R

Table 4. The 1 —5 orders polynomial trend surface analysis results for the data transversion of independent

variables when fitting dependent variables

A ABFRAR 2 TE AL FE B. AFRbRiEzEbr A A 2R
A AL S5 H H F MG AT UL R H F MERE
—i [FH 3573411 2 43.630  50.36% — EYE 3573.411 2 43.63 50.36%
BR%E 3521.787 86 BR2E 3521.787 86
Bit 7095.198 88 Bt 7095.198 88
A & (F®), Y, X TN R (F&), Y, X
e/ [F)H 4947917 5 38251 69.74% i/ EYE 4947.917 5 38251  69.74%
BR%E 2147.281 83 BR2E 2147.281 83
Bit 7095.198 88 Bt 7095.198 88
M E: (&), XY, X, ¥, XY TRMA R (&), XY, X, ¥\, X,Y
=K Bl 5260.349 9 25.165  74.14% =% B 5260.349 9 25.165  74.14%
BRZE  1834.849 79 B 1834.849 79
Bt 7095.198 88 Mit 7095.198 88
B R: (KR, XX, XY, P XX, VXY TR (KR, X1, X, XY, 7, XY, X, P, XY
1N/ [EJ9 5318.833 10 23.355  74.96% 1M/ EVE 5375.843 14 16527  75.77%
7 1776.365 78 Bz 1719.354 74
Bit o 7095.198 88 Bit o 7095.198 88
BAR. (EE) XV XX ¥ P2 P XY T ;ﬁ«;ﬂﬂ}{i (W), XY, ¥ XL X Y, X, XY XY, Y, XY, X, XY, Y,
K [ 5385368 13 18.171  75.90% iR/ FIH 5586259 20 12587  78.73%
B 1709.83 75 B 1508.938 68
Bt 7095.198 88 Mit 7095.198 88
TN E: (), X', VX 7, X7, X, P XXX, P, WA . (), X'Y, YL X ¥, X7, XV, X XY, VX P XY,

XY XY, XV XY Y, XY, X, XY
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1 U3 4ERHE AR W 5, RN B A2 R BT A BRI A R B R (B 4a). 2 1K
FARIE RPN B B2 R A B 18 5 AN PG AL 7 [ AR, [ AR AT IR EAR R, mE A P AL A AR
By I, RGN R B R ORI (& 4b) . 3 BT RIS B B2 P O E TR 4R
PG [ LR ) R R AR TR, AR AR, RS TEAZ AT e e 8 TR HD (Bl 4e). 4
YOS RAE M B W E A RS 3 WA AR AL (B 4d). 5 YA TARBLA 8 4 MR 76 1k £
DAL, [P, (A RRETRTE, ARANE (Bl 4e). XTEE B HEEERSMELE (B 3b),
3G 4 POEATH I ZYERAE S B 12 B S AR A AR S W&, 25 58 B O 34 TH 76 T TRE%
B XS AT e AR R AR, A PO IR MR LA A A (40, BAZEAHIE 3 Ik
T A A T

X 3 Yo, AN 77.39%, HERKKTF a=0.001, BRIG Foo(7, 87)=3.94, F=39.11>
3.94, FTHZHEHI AL &R B B 2 EEN 2 ML, BiARRN:

Z=-34.689 +9.675X - 61.9Y + 46.528Y* - 0.1X° + 0.247Y° + 1.754X°Y - 7.699XY*

3.5 FREMFE DT

T A i A5 PR 2R e P DX [V R AL — T S ke DRI P 70 A 1 DL . JE8F B B 7R IR %
TG S TR R AE S L K] 52, Foh BB ZR R I B Ze sy, R XIS 20 B ™
JE 2 ) JRATRE BN, RTR B b “ 0™ PR b B AR RN IRHIE ) A

a—e. AHIA 1~5 YR £ = YOrH I R A A R A K R
B4 SEPPy B B U RIEE 1~5 R I 5 i — 4k R S A A e

Fig. 4. Two-dimensional images of 1—5 orders polynomial trend surface and discrimination of the optimal

trend surface for the B ore layer thickness in the Yingping oreblock.
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a. FIRMELHELE; b ERREHELH
K5 BB B )2 JE R eI 22 100 9 i P ) A i R I ) A S5 26

Fig. 5. Contour maps of residual values and positive anomalies of the optimal trend surface for the B layer

thickness in the Yingping oreblock.
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Fig. 6. Paleogeomorphological characteristics and lithofacies

—RIE A IR TR 27 Bk
WEFERCR , BATT S8 BL A X
vi B AR I3 LA BRI 42 1]

paleogeography evolution of the Late Doushantuo period in the Yingping

oreblock.
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