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Abstract

Feature enhancement combined with some pattern recognition techiques were applied
to the Remote Sensing Data for geological mapping with particular emphasis on non-me-
tallic ore deposits and their related geologies.

The area chosen is north of Ulsan, the size of which is about 400km? The geology of
the area consists mainly of volcanics, volcanic sediments and clastic sediments of Miocene
age, underlain by the Kyungsang sediments of Cretaceous age. The mineralization occurs
in tuffs or along the bedding plane of tuffaceous sediments, the main products of which
are Kaolinite and Bentonite.

The outcrops or mine dumps in the study area were most effectively extracted on the
histrogram normalized image of TM Band 1 and 2, due to their high reflectivity. These
may be confused with some artificial features, like slate roof complex of the poultry farm
or cement ground, which should be classified by field checking.

Detailed examination of enhancment image combined with pattern recognition tech-
niques made enable to classify different rocks and thereby extract volcanic products
which are mainly related to non-metallic ore deposits in the study area.

—131—



2 Journal of the Korean Society of Remote Sensing, Vol. 7, No. 2, 1991

1. M B

AR EE A HIFE AFAHo] HAHIT EFolt A EF o} duslatr] B}
@ vygo] YAR A& FAMAL bssn F2E) oEle W G 2AN s
B oolysl, 53] AAFRY 9 A& T o] steHoer BEAY] FYAA ¢ T
Z 73l v F83 Fdo] Ha AUtk EE FHAHA AAHAL Mo F x2Ho| 1
g9 SAAHA 249 g8 AHEY EAo] EFE 9 stedd EF L A g g
Hol AHHA o] o dre AFees Ay FestHd BAo) o8 tHgHes
749 ¥ % dt}H(Lillesand, et al., 1987, Siegal, 1980).

B ATME o VAVAARE o845t AN L BEAALA, 53 MIEY
EA4Y #AE A% A7 AREHAT dAAG S SAEEAY(Fig. 1 FFR)o)y, A+%
He A9 e Landsat MSS, TM 2 33445 A8 & AHFFA A AFE5o 1
AHoz zZt M= g ol WEZe HE JAFEAH3NE JE9 FAAA FA WL
@ gFAeta, 22 Ao s s #4488 A% A8TE AAs D, olg ART Ui
HEEF7IHE AEotd AAMFH o2 Adr AP 7HeAdE HEINDL, volrtA vlas
FE H o9 #¥E AFH EAE F2 & devld us 97 AESFHY. 488 99
E771'H2 PCA 2 ISODATAC 9§ vjZ=EEFeln] 4472 2AE 2 A5H4H7E 5 A
Algt AL Hell 713t At

2. AFAERHL XNENR

2 Aol Ug AL B AHACNEG 9, 1990)e] olv] A&HAoY SHY oS
§71 98 #Ae) A A& AT & Adel HE APe v HM1925)0] Hzz Fex
AZAE AT ol B oA A4FE HEALY DAY B AT(AKE 9, 1971 -
7%, A5, 1970 - AFE 9, 1980 - #3459, 1986)7} +AsUe™, 1 AANLE
tew 2k, |

£ g uwolo A Bae SAHHGR L AN HAY Sol Wepr] A HALR,
A9 2 e FAYOR WouA RESH Utk A4 HAGRE F2 949
olm, olF Welrlel AY % HAARE Ao P& 3712 L FR2RE JNE, B
%, ¥3e% 281 AFE JdSFY WEeigte] REHTH(Fig. 1 #2).
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g Fig. 1. Geological Setting of the Ulsan Area.
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3. JNZ=ZHz|
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Zte] Z2fel o WEuES I2EIY AFRIGR FRAAsE AR AR s

271 AL =2eried ¥ 9(1990)7F A3 ERIMS #71A9 s2Ead A
3t 22IPL 4B FA AR Fe 25%8 ¥Feld |29 TP 47 01
%A dFFgoz JdoMe TZ3r g A 3 FAelth ojFA Fo=A I HI29 e
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ZA e o3 BENFE, F9F YA AAdFE 5o NAEAYH O 848 ANHe=
37HAZ EFsHen 1 A= Table 13 2t

Table 1. Degrees of Geological Correlations of Chs and Ch. Ratios
(Qualitative Analysis)

Degree . MSS ™
Good R46, R47, R56, R57 R21, R31, R71, R72, R73
Moderate R45, R74, R75, R64, R17, R25, R27, R34, R35, R45, R47,
R65, R54 R51, R52, R53, R54
Poor R67, R76 R12; R13, R14, R15, R23, R24, R37,

R57, R74 R75, R41, R42, R43, R32

o, R46& B4/B64.

&3] MSSe wi=n] R67 & R76AMe AFEA7 Ao AFA A=Y HHATNE
wrgaty S, AAR NAF EALE A gle AeE EAMHM, TM W=e R57 € R75
3 o9} §A3 EAL YehATh R57S Rowan et al.(1977)9] Ao oatd 5w Ay
7b A vdEtdtn gt B AFdA e AAS 7R g AGe] glo] #AHY] o

MSS 9 WMEo)AE Band4 2 57 AR wFEA4eTY FA0A YA AATFE 5
o] 54¢] Band 6 B 7HT} U} 702 HHHE o] Band 6 ¥ 72 A aRs}t ax ®
3% 53 g2 A¥AAA Ut ZAEE BE "Wiolt. TMe 67] W= FAAMe
HEE$34 =57 A dedA A4 deivd Fa3%9 divlel o8 713 & RFHe
Band 13} 20]9, 21 t}&o] Band 3%14], Band 32] 3% &2 %9] bare soild} ol AEx EE
I 3tk Band 49lA = AL NP rRe & TEIY ME o2 5409 s s
2 9tk Band 59M = ol¢t {AMG BG4S BT Band 72 WA FAFolY FH=F 5
ol Zo] A ey M2 EEHT Uth

Henlo o3 AL AFEAAE FLo2A AFd I8 T Y€ + AR, B2
Beo AP Ao o AAEA BRI JhedS nd L5 WEH g A
g3tue 4 M=9 FHAYrt B a3l A

MSS A9 AAAHQ $8o] TMH A5} sjAdHo] Folxm2 B AHoAE #9s
2 TM 9= 2 9=y & g ¥3<] A(Band 1,3 @ R71, R21)-2 Plate 19] A5t

olE FAAM WEUCIE & IHE =5 WA AFio] 714G & WALES Hole
gased, o aFd (1990)9 FE H MR BEFUALE SH M A"
WALg T AT Utk o] F Al~A5t 71E9 FdFo|n), A6 R ATE A A
HE AT 7EANE e ez HAHAM o3 A2 AP Rolth. L o]
FARE AR S Holw P1~P7& @AGA A3 AALEe EHoE AR WA #FAY A
E 37 T 4% AoE 7] =FEH o] ¥ WALEE YEITH(Table 2 3} x).
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5
Band 1 Band 3
R71 R21
Plate 1. Histogram normalized images of Ulsan TM bands and ratios.
(R71 represents Band 7/Band 1)
Table 2. Results of field check for the anomalies picked up on the image
Anomaly no. Location Field checking Remarks
Al Yangbuk, Yongdong-ni Bentonite mine
A2 Yangbuk, Dusan-ni Bentonite mine(Dusan Mine)
A3 Yangnam, Sangna-ni Bentonite mine(Chibul Mine)
A4 Yangnam, Sanggye-ri Bentonite mine(Daesung Mine)
A5 Yangnam, Suwang-ni Bentonite field dump
A6 Yoidong 5 Yipsil Kaolinite New
A7 Yoidong, Yipsil Kaolinite New
P1 Yangnam, Shindae-ri Slate roof of cattle shed
P2 Yoiding, Tojeom Slate roof + Bare sandy soil
P3 Yoiding, Duckdong Slate roof and cement yard of poultry farm
P4 Naenam, Myunggye-ri Slate roof and cement yard of poultry farm
P5 Ulju, Katin Slate roof and cement yard of poultry farm
P6 Mt. Toham, lljumun Cement yard
P7 Kyungju, National-folk village = Cement yard
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E3 ol Al UF AY P EH EHoR FIAA EFI o= Fx b F,
E 99 $3A¢e G $3 FHo] BFHE, GG AR FEd FFOE A
7 £ FAE Hole vtE I GFE AV ¥ S0 Heolth EF, Y AQE
WA Z Fotol F3ted AY Fejrl FRAA ¥ow & HAGFERG Fe AES U
Yol §Folt}. ol AA HZA RS 2F AL EQFde Pide oz oAF B¢
Ao Agiag B o] Ao g Exse AHEA A4 € 45 283 Ay A
A Gl A% FAoz2 YA, JA7E B AQL g2 FFF7 +AGL AR
SA(87.4.4) ol AY L AxsAY ¥ uge] Ed FHoitt. £, dFFolUt o
2 A A9 BT B X9T 723 BAo] FHI

4. I /.

2 dF7oA AL AUEFIHS PCA 2 ISODATAS 23 Clustering § YIS EF
Z1goly, ZEERIYLE & dFdAM AYgHUJed, 2 o]fE Clusteringe ‘Natural'3tx
= ‘Homogeneous’s] ok 3] (Park, 1983), 4 7] }.Z‘lOI] RE 5= “Training Set’ A Ao 9o
A9 A oot ‘

4-1. Xtg23 M3

AET AAL AEREF/Y HEd oA M FoF A F v, N9 A8 F
M MAE AAde o 7t ZE S 23T F AR, o B¢ ANFHoE B}
g ® oy wagHon. wA & (heuristic) Wl s HARA Hed,
Mucciardi et al.(1971)& 87}x2] BAA 7| & va A7 4% LAZEVE ¢4 JT¥
BASFEE 23 Aol 7MF 4TS WAL, 4Fd (1990 dFF A YAZ &
5% AR E YEE S $AsHe B ohlig 8 Ade AANHA FRAT AA &2AY A
Bl A4 A, B tF3ARDe] /HF K8 AL S YT 12y Landsat
TMe] 2% 6719 9 M=gkd o]t FEAAE 30/ Wi=n F F 36709 A7} 5
£, o) ABE F2HoZ 7~87) AEZ Fo]7]e= W$ oFh mEA B dpiMe
olu] A& uie} ol 47| e AR E JAFZA YA J1E AAAESS ADF ¥
T BEAsY 1xH o s A#Agoe] HE 147 AEE A3 (Table 1¢] Poorz 25" #
8), UnA 2278 A8 d@ FBAFE Fn 2 FaA e Fdigho] 095 o W=
ES % 22 PCA BAL 31W A9 AAHR(98~99%)7} PCle) AFHo=zA PClE #H3}
a(Table 3 =), 2 UmA REE F3td FARD By 3 7/ A8& AU
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Gopbd #EHAls AR TMASE 28¢ ABTE AAse uz 2424 S0
Landsat MSSe] 7% 4715 2& el o8 47 Fa Tl Y Aol *e 7
gole AS TMAES 2857 el AN HAH F2FL Table 49 2ok

Table 3. Statistics of PCA Analysis on Highly Correlated Couples(Ulsan TM)

. . Prec. contr. Eigenvectors
Variable Correlation PCL PC2 PCI PC2
B2 0.707 —0.707
B3 0.955 97.745 2.225 0.707 0.707
B5 0.707
R71 9.97 6 98.801 1.199 0.707
R17 0.707
R27 0.997 99.842 158 0.707
R25 0.989 99.428 572 0.707
R35 0.707
R52 0.707
R53 0.976 98.784 1.216 0.707
R72 0.707
R73 0.983 99.153 847 0.707

Table 4. Data Sets Selected for Pattern Recognition Analysis
PO1, R47, R34, B1, R21, R51, PO2
(B5, R71) (R72, R73)

TM & Radiometric R71, R31, R21, R47, Total, K, Th/K
*PO1& B5 © R719) PCAE A9 PC14l.

Landsat TM

42 YHEREN 2T % =9

2 dFo] #&3 PCA(Principal Component Analysis) = T %9 FEEL 0 Sdis
He #¥gez 1 22 M2 JAndA dE8AIe Aoz AT Y82 Cooley and Lohnes
(1971), Davis(1973) 9] on, ISODATA Clustering 7|2 E QA A4 23t Cluster-
ing W'Y Ze¢| 3l E Ball and Hall(1966), Crisp(1974) Sl &AM 3] 7l&=o UAd.

4-2-1. PCA &4
G2 ARYS T™M 2 F3PAs Asete] EF=d(o)d EFnd)d U@ PCA £4
A& Plate 2 (a) B (b)ol AL, 0|59 A Fde Table5 (a) R (b)ll
ot $A o5d PCL2 R 3& AR AS HA 96.7% o4, £ EFRLY B¢
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(b)

Plate 2. Colour Composites of PCA Results of Ulsan Reg. and Mix. Models.

905% ol sl B4g YEhAT glom, 37 Plate 2 0|59 4Z%o|h Plate 2(a)9} 3]
A2d A¢ 22 AR P B3y 3ol A4z yuun FEE Ao} §5 ¢
sk AT SAYRS FVAFE T AE FAN Y ol9 Ad FAF SHOE Uy
T 2L HER ZAALL AYY F¥ L FUE, 29D Agre Ad3o 232 o
M, 8ol W3 dudH ol Y= TEAD oS AYH B FALEH Eaiol
e FRY LA UEhIT ABRY AR AR OB AHS HBURS SH
FAISA dEhdth oL dAZ AYH SHo] KA ojol He Aol RE fAHs
7l WMol #REE Aol oz} BTk MBEFA =5 BHE B AZFIAE TR
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Table 5(a). Statistics of PCA Analysis on REG. Model of Ulsan TM

(’87.4.4)

Variable No. Variance Stand DEVI
Bl 92.6199 110.6337 10.5183
R34 34.2509 215.5168 14.6805
R47 11.1669 30.3464 5.5088
R21 69.9891 499.7328 22.3547
R51 56.9623 202.7633 14.2395
P1(B5, R71) 123.9356 861.8898 29.3580
P2(R72, R73) 176.7136 1694.5600 41.1650

Similarity Matrix
B1 R34 R47 R21 R51 P1 P2
B1 1.000 .289 —.232 .382 .387 .785 —.159
R34 .289 1.000 487 —.534 —.229 .018 —.876
R47 -.232 487 1.000 —.863 —.921 —.648 —.723
R21 .382 —.534 —.863 1.000 .856 754 .788
R51 .387 —.229 —.921 856 1.000 .783 578
P1 .785 .018 —.648 754 .783 1.000 .249
P2 -.159 —.876 —-.723 .788 578 .249 1.000
Eigenvalue PRCT. CONTR. CUM. PRCT.
1 2 3

1 4.300 61.434 61.434
2 2.011 28.728 90.162
3 457 6.534 96.697
4 J21 1.728 98.425
5 067 958 99.383
6 .028 .400 99.783
7 .015 217 100.000

Eigenvectors

PC1 PC2 PC3 PC4 PC5 PCé6 PC7
B1 —.186 581 565 —.333 436 071 —.042
R34 .255 .538 —.503 .346 .296 —.159 —.401
R47 452 048 370 623 102 .358 .360
R21 —.470 ~.011 132 463 133 —.670 .284
R51 —.442 131 —.494 —.002 247 473 .508
P1 -.372 419 .109 .268 —.712 .236 —.198
P2 —.375 —.422 132 .308 .355 336 —.574
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Table 5(b). Statistics of PCA Analysis on Mix. Model of Ulsan TM
(Untransformed ’87. 4. 4)

Variable No. Mean Variance Stand DEVI
R71 69.8637 563.2916 23.7338
R31 119.0725 1174.5990 34.2724
R21 114.7592 1063.1520 32.6060
R47 11.0421 38.4094 6.1975
TOT 81.3657 1308.1900 36.1689
K 106.2734 2037.5830 45.1396
TH/K 13.8491 1786.3330 42.2650
Similarity Matrix
1 2 3 4 5 6 7
R71 1.000 .859 733 —.831 .230 217 —.494
R31 .859 1.000 917 —.715 .304 .286 —.535
R21 733 917 1.000 —.545 .263 .253 —.407
R47 —.831 —.715 —.545 1.000 —.221 —.205 .543
TOT .230 304 263 —.221 1.000 932 —.415
K 217 .286 .253 —.205 932 1.000 —.443
TH/K —.494 —.535 —.407 .543 —.415 —.443 1.000
Eigenvalue PRCT. CONTR. CUM. PRCT.
1 2 3
1 4,038 57.688 57.688
2 1.663 23.760 81.448
3 635 9.065 90.513
4 .428 6.116 96.629
5 122 1.740 98.369
6 .068 970 99.339
7 .046 .661 100.000
Eigenvectors
1 2 3 4 5 6 7
R71 435 —.265 -.005 -.321 —.770 027 —.209
R31 .456 —-.211 .255 173 037 —.191 784
R21 .408 —.206 516 .382 .287 146 —.5b24
RA47 —.401 224 372 572 —.562 —.064 .057
TOT 275 618 154 —.172 036 —.677 —-.172
K 271 628 113 —.108 —.040 .691 .168
TH/K -.355 —.128 702 —.594 067 .033 .079
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ged, 2 olfe HMFERY =F 59 ATE SHL FAREAY FI4RY 72 BF
57) o &Eolh(utEd 9, 1987). ” :

A5 AEG EFRABE FHAFS ARl TEHEH, ol o] B39 WAls EA4o|
Al WEoln, 53 EZ Add, $7 R SR BXie FH4 M9 2F O
A2 Fzsith 293 $58 $AYFY M SHAY E2AF 2 9 AAAFI) o F
A dehted, ole dAZ JRHes e PAS FEU TMARANE o= 5 2
EGNAE EAF AN Utk A28 AR A8 FAE PAFAE AWLA
& o] HEolt}.

4-2-2. ISODATA £4

7] 270 AR T T ISODATA 23 Clustering 238 Plate 3 (a) 2 (b)o] =43}
Foul, oo U§ FAE Table 6 (2) L (b)ol Utk HAARDe] A = AR 373
AFE AMoz YAZ EFIY FHNe FRGY LHARFY FAR HEos BF
¥ ). Table 64 Euclidean distanceE& HW o] 9 FAI3 24 HiEd e A2 o517 AAHA
et 32 542 & 444, Ad 2 358 498 A E TEHT Uk HB
Fo| ZAY BT dAH B RAA 9} Zol (FLF L HEow EHEG

EHRdY Ao AAHoR FF3] EESE FUU dAZ TMRARS ABFH 4T
ol & ¥IWALITAE HAIA BET AP 8 dPoE HAZ g4 2HEYH &
o] MY HA G A WEY Hold. 2dHY FHFY AN Mg EHI WS Fou,
B FEFdAAe 339 A HARERTG AR © F33. ole FFE FE d
€& B9 34T TAMY F HAE §A40 FAIE A& A AYH AP HL
F3F ARG F3HALE AR 84S FE

5. 43 E9|

€ A 99 Landsat TM zAEd @ 32 =zAe] A, G430 HFHFY =5 WA
A2HE 32T F AN, ole olg FAgol AsAF WefstBX AL AR =25
o] O HYxd A§ ¥ vhALE BW ol HIFEFY FEAYLE AR YA AAY
e ZEA BEEHY] dEd H& HAEE F4FI Y] dEolth =&, FRAe Y
A EAMo 93 ¢ATe EFIL JhesiH, g g E3T T FRe olEY F
AE FANI e 2 FA7 S Qth Fig. 28 471248 R AHERFEARE T 24
AN 2Ax EWo|th
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12
(b)
Plate 3. ISODATA Results of Ulsan Reg. and Mix. Models.
2 AFAe HEER7IY HAEL FIAFEYS D5Y 73 Ao 9A Eiged
s gS ARE AR $5T £ AL B ol o) nY F5 AdAE

TPAE AR S FREoEA WS AHH AAE ¢ 5 AL AYL A 2o
PCA #4& A S4% FAE TR A £ax o= A= AHoz 24

of ste 244l e W, 53] TMARAME 2HEY 540 A¥FY & 2 Hd¥e

—142-



Remote Sensing Data Processing of the Ulsan Area— Park et al. 13

Table 6 (a). Isodata Results of Ulsan TM REG. Model

Variable PO1 PO2
Cluster B1 R34 R47 R21 R51 (B5, R71) (R72, R73)

1 Mean 88. 30. 10. 70. 57. 120. 190.
STD. DEV. 4.0 34 1.4 5.0 5.4 6.9 78

2 Mean 110. 36. 8.0 88. 70. 160. 180.
STD. DEV. 6.4 3.9 1.1 75 6.5 11. 12.

3 Mean 83. 28. 14. 54. 45. 93. 180.
STD. DEV. 3.8 4.9 24 6.0 6.4 9.9 12.

4 Mean 97. 94. 31. 4.5 22. 96. 17.
STD. DEV. 29 5.6 42 81 2.6 12. 42

5 Mean 99. 36. 11. 68. 57. 130. 160.
STD. DEV. 5.8 5.3 1.8 8.4 6.0 12. 14.

6 Mean 93. 31. 8.5 86. 65. 140. 200.
STD. DEV. 4.6 2.6 1.1 6.5 5.5 8.3 8.9

Percent Error 10.01

RMS Average Pattern Distance

Cluster 1 2 3 4 5 6
13.9 20.4 18.9 14.7 22.6 15.8
RMS AVG Dist. of Patterns from Their Centers=17.451

Elclidean Distances Between Cluster Centres

Cluster 1 2 3 4 5 6
1 .0 57.7 32.1 200.4 33.7 30.1
2 57.7 .0 85.7 209.1 43.2 37.9
3 32.1 85.7 .0 184.3 49.0 62.1
4 2004 209.1 184.3 0 177.5 219.1
5 33.7 43.2 49.0 1775 0 42.9
6 30.1 37.9 62.1 219.1 42.9 -0

24 AY FEH £40 o3 FGAAoY AAFE, HAdE B BF 237U F
TTE T BE A% ADAR {F&o A¥ F&30h

ISODATA 42 o8& AF Yol g BFol E7e v /HAe Cluster2 F3 0|
TR, & Z Clusterd 37, £F23, 283 Cluster7te] Euclid A28 5 FA4 =R

—143 —



14

Journal of the Korean Society of Remote Sensing, Vol. 7, No. 2, 1991

Table 6 (b). Isodata Results of Ulsan Mixed Model

Verisble 71 R31 R21 R47 TOT K TH/K
Cluster
1 Mean 74. 120. 110. 9.7 69. 91. 6.4
STD. DEV. 11. 12. 14. 2.0 11. 12. 1.1
2 Mean 64. 110. 100. 12. 95. 130. 5.8
STD. DEV. 11. 13. 14. 2.8 15. 17. .88
3 Mean 81. 140. 140. 9.4 130. 160. 5.7
STD. DEV. 9.9 12. 14. 1.7 15. 19. .86
4 Mean 69. 120. 110. 11. 42. 57. 7.6
STD. DEV. 12. 15. 17. 2.5 13. 14. 3.8
5 Mean 59. 110. 100. 13. 150. 190. 5.9
STD. DEV. 9.4 13. 13. 24 16. 20. .80
6 Mean 26. 55. 65. 20. 59. 89. 6.3
STD. DEV. 18. 25. 16. 8,7 14. 15. 14
7 Mean 86. 150. 140. 8.6 83. 110. 6.3
STD. DEV. 9.9 12. 14. 1.7 16. 18. 1.3
8 Mean 5.9 23. 45. 28. 23. 37.. 10.
STD. DEV. 4.8 11. 13. 6.3 12. 19. 8.8
9 Mean 4.4 17. 41 30. .00 .00 250.
STD. DEV. 1.3 2.6 2.8 4.3 .00 .05 3.8
10 Mean 3.2 13. 30. 22. .20 .29 170.
STD. DEV. 1.0 4.7 9.6 6.9 .60 .70 13.
Percent Error 13.04 ‘
RMS Average Pattern Distance
Cluster 1 2 3 4 5 6 7 8 9 10
27.1 31.3 32.5 32.5 33.1 41.2 31.8 30.7 7.0 17.9
RMS AVG Dist. of Patterns from Their Centers=30.5
Euclidean Distances Between Cluster Centres
Cluster 1 2 3 4 5 6 7 8 9 10
1 .0 48.4 100.8 43.7 125.7 93.0 50.8 152.7 308.2 252.7
2 48.4 .0 72.1 90.0 78.7 93.0 66.1 166.4 321.7 2682
3 100.8 72.1 0 141.2 65.6 163.5 716 236.8 369.8 326.1
4 43.7 90.0 141.2 0 168.1 97.6 79.2 136.3 293.1 234.6
5 125.7 78.7 65.6 168.1 .0 150.0 121.2 225.9 365.3 319.3
6 93.0 93.0 1635 97.6 150.0 .0 1394 76.4 275.0 2074
7 50.8 66.1 71.6 79.2 121.2 1394 .0 201.0 338.6 290.6
8 152.7 166.4 236.8 136.3 225.9 76.4 201.0 0 248.3 170.6
9 308.2 321.7 369.8 293.1 365.3 275.0 338.6 248.3 .0 81.8
10 252.7 268.2 326.1 234.6 319.3 2074 2906 170.6 81.8 0
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Fig. 2. Geologic sketch map
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