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The Airborne Geophysical Survey of Igneous Bodies and Geological
Structures in Northern Taiwan (2/2)

Final Report

ABSTRACT

To understand deep geological structure and volcanic characteristics in northeast
Taiwan area, the purpose of this project is to apply helicopter-borne magnetic and very
low frequency electromagnetic (VLF-EM) techniques over Yilan land and maritime
areas for volcanic and geological aerosurveying to obtain distribution information of
potential magma chamber as well as hydrothermal pathways along regional geological
structrues.

The field work of this project had been delayed for a month because of the
tri-axial towered-bird damaged due to a freefall accident. All of the tasks had been
completed on schedule after urgent purchase and installation of an new tri-axial
towed-bird. The total magnetic intensity (TMI) grid and VLF anomaly grid with 100 m
spacing had been delivered to provide an new insight into the activity of the
Kueishantao volcano as well as distribution of the basement around the northern tip of
the Cental Range Belt, Yilan plain and maritime areas.

Based on the aeromagnetic dataset, the volcanic bodies around the Kueishantao
covers an area approximately 9 km in diameter. The NEE-trending high-magnetic
zones represent fissiure eruption and dike intrusion along marjor pre-existing
NEE-trending and NNE-trending extensional fault zones. In addition, the NEE
magnetic lineaments in the basement present good correlation with the major structural
distribution of extensional tectonic environment between the Yilan maritime normal
fault system and the Shanchiao fault along the Tatun volcanic zone in the northern
Taiwan area, indicating that wide-spread NE-trending extensional faulting and coeval
volcanism share similarity with genetic mechanism. Ring dikes and radiating dikes
beneath the Kueishantao area might be associated with formation of a subsident crater

form (caldera); therefore, the low magnetic field within the ring dikes being a magma



chamber at the depths of about 5 km represents that a high temperature source lowers
magnetic intensity as well as shallower depth to Curie point. Nevertheless, the ring and
radiating dike swarms, as well as faults associated with formation of the subsident
caldera around the Kueishantao volcanic region, cause new pathways for migration of
volcanic hydrothermal fluids from the Kueishantao volcano to all over the Yilan plain

and the Chinshui geothermal field.

Key words: airborne geophysics, helicopter-borne magnetic survey, helicopter-borne
very low frequency EM survey, volcanic geology, Yilan area,

Kueishantao volcanism
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P ROARRTAGE S MBEEEFREI R ORERS O BPTFF R

Beg T

2.3.6 ¥ IRPIZIFR

£k izs A(Yuand Tsai, 1979)% » 1978 & v T = = 425 B &
B4R EE ® T ka4 Bl(total magnetic intensity map) 0 & ot i iF B &
4 - R Aa et BEE T L ¥(2010)% 2004 = & ¥ T R 520 B
B IR TEE - Rag 4 BYBRAF o FAH Z (Hsuetal, 1996) ik 95 £

KB xg Adrg a4 By B(Yu and Tsai, 1979) » & * 4o 5g f2 47 30 50

=

il
94

(enhanced analytic signal) 4 g & T i 4K = = kg » % (B 2-13) 5 & hig &

i f

FoaBFRICFE LS »F - LA LAe Pk (B 2-14) > %5k & RIR] 5 - B

F2 A BFBH(E 2-14 Bl 2-15) > Gud =3 R d B A S B EL o 2 E
GRBEEREATHEVS AWM My FE- HRE -

ARG P HEFT O S EREFIASAERF Y AT F T AR

ﬁu

w

(Tong et al., 2008) a2 % F fiz:% *z(Euler convolution);2 i (7 £ *% % %7k

-~

-
"
fie

&

528 o & 4 Bl - B 2-16 #ror 5 % 2 £ 4 B % B(Bouguer gravity anomaly
map) BT E T Ra RlES BER N T RSP EPIRFIALERE TS
Al HE 4 RER o PIBT T T Re 0 B2 TSV LA HIGE
Eo MBS EP D Ay T RATEF DR S RPI(LATE 0 1976) 0 2 iTE ¢
o B (T4 2011~ ¢ L X B (2 50F 0 2010)% Gk (7 H < B (P54 - - 2011)
FEREC AR T REFESAPZE A RRERTEFORAZIFRRE
V- ROBTERFTRAIAEFREAS VAL SIF 0 AFIFRE R e
MU EL R (R > 2010 5 7 3h4 0 2011) -

S
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3ELEAHR

31 2 ¢ ¥ 3 BIFR|

7 ¢ ¥ 3k 47 32 EE B (airborne geophysical survey)4:3t 60 & o i 48 kG
TAHRB2ZN AT F(B 3-1); p 1990 &5 0 d R RIRBE HFERHE DL
EH (R 31 RELY B RSEFRLEF { B0 X AL KR (R 32) @ BT
Gk { K R TP Rk IR IER R RIIE B T L2 5 D B4 (magnetic) ~ 3

&+34F 2% (radiometric spectrum) ~ £ 4 (gravity) ~ ¥ & (electromagnetics, EM) ~ 3 3k it

g(#ﬁa BUR) iR BB AR > VARFES P w2 s o

EZ Y BTSRRI FPERIEA T A X A2 b S i B F
A R0 4 F RIBE o B G FRIEE VR G  S Lk P gk
PRAFRIBNE 3 AN R RER TA AT (R 3-2)(Grauch et al., 2001) > » &

T A T RE s cn 1) B (Keating, 1995; Pettit, 2009) » 7= it 14 i % (30-60 m) % -] ¥ §E
(-] 100 m)= ;% > HiFB R A T Y R E R HuH & o0 F R (Jaques et al.,
1997) -

311 g4

B 4 47 ¥ (magnetic survey) E_c B @ Ap§ % o R IRgE I ke~ 0
WG H U e R IRAER G 2 > B YR A e K ahE | 5 (magnetic
susceptibility) - F5#F % & B £ R 3 I =% 3 sk eaH-(magnetic field) il £ % &
(magnetic flux density ; B 3-3) 5 &% i 7R AT HMFIE F Flie kB4 i L B orig
X4 B o v - b5 W da(inversion) E A 4 o (R T BER X
AT EDIFRAFRE T e TR Y2 P

- A FER R Pl 2 E S 2B 4 5 A& (total magnetic intensity; TMI) >

T FUBFRD cha BRIEAS 2R B A MBI E o FPERIFIT D RIS F
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Fet o FHE AR AR E A (Yu and Tsai, 1979; Tong et al., 2008; Okuma et al.,

2009) > * MARRI A H R A R FHEEG  ARBESAFEREY 2w 0 d R
SFRIE - AR B R g BIERIE R 7 R R R TRAL >

BT R R R B TR E s T

Bk £ B4 REPIGEE A % & (magnetic intensity, B) 0 B KR & & FE=
3R
B = UgH 4 UM F LUoMpy oo (1)

Y LRS- 8 & ko g(main field)is & o ¥ 2 IE T 7 ER

f&(magnetic induction)m & # » % = 38 P| X & F]# £ 4 (remanent magnetism)3 | 42 e

B o LPpEEZ P EE PE LR AR M- TP AT

(1) Bt R ERIRIERAE IR HEro ol g VHELIH &
PR, > 2NHE L Whim? o g B =5 T (Tesla)

(2) H 3 ¥ zk 2 g2 H-(main field) g 35 & (magnetic field strength) > & ;% H = &
Wb {5 * ¥ =% Alm -

(B) Mz # % x5 ke i (magnetization) s A2 2 g2 4 (magnetism) > 3 g + £
" & & 4 (induced magnetism) ; - » £ i T & 4& <& (magnetic dipole
moment) ; > N E =2 Wb ff * H =3 Alm e g RE 4 (M)&E - s 3-(H

R enbd (e ™ 3¢

bR kTR R R RS 5 R (M) B B (H)H o A S R

G oBBFATP L F A BB R BN ER G 0 F R HST

B iR R RZABE XA FE OBES AL E2ZREHAL TR
(paramagnetic) - B2 BERE X G e fs F Bl (diamagnetic) o

4) My s p #2## * (natural remanent magnetism, NRM) » 2% & # H_$ & -
N g
## (magnetic hysteresis)si % » = VB =5 Who g * E =5 Alme & p 2Rigit
TAAORES L RAREY 0 A& ¢ 45 # A E (thermoremanent

magnetization, TRM) ~ £/ # £ (detrital remanent magnetism, DRM) ~ it & 7
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#(chemical remanent magnetization, CRM) ~ ... % o H ¢ S & § A3 L &
H8 o E B ffﬁiﬂ&ii’éﬁ% ¥ ;8 A (Curie temperature) » * pF 4 J\ & ° s
Ty g P RES Y T R RN > § A ’iffé;é‘ PP OR R AT R 2R
6 BRIEFHPFREETRES > H S 'J'l%i’?%ié’#?f'f“i”ﬁ Mot e Rlad e
¥ ¥ w oKoenigsberger Ratio (Qvalue) = 2 7 p XA B4 B L T

B L E o F R IR p RAB Y HES FRPEERE 0 TERAT

B 05 PF o BRI B AR KD B RS

Bl P A BRIDEE BY XTI RARA
2 2 (McEnroe et al., 2004) -

(5) o & E F e i (magnetic Permeability) - - 2 7 3 » BEF TR L F
BT F e At R R (M) 0 2R R SRR R (BR) R 0
wig(Bp/Mg) HE =i Wh/AM e 2 £ 2 24 % kel B 2o i
L 4T X 1077
d ()& b 2 BRI TR R ESZPIBET B g b kR R

PR AR RS LA b e IR B AR B e B e o d RSB R &

BRI EMTIERET S S50 o m e B PpF - BREEESETERIB SRS B

RERIEEG Tk BH FROLSIEG S F v RERMORE IS A o

312 H®IETRE

VLF-EM pl# & 4% TREL B RIERFRF THIFRP T 125 K(F
3-4) > & VLF-EM #7# * ehT a3 kifh > 2% > 2 N7 5 (% 33) 2 %
BfhoH AP B RAR S E AT B R B GA2 1530kHZ F o VLF ¥ 5 4
B b EE R G b Do B RS AR RS Y SR R Y BRT
o FR RS L AESGRA ] PR T VLR AR DR AT - AR DR R

TRAEER Yy KRR R > 2 35 R 2 TG o FPTR S X FL
AAENTF DR AN VIFhE 2 EE 7 b L EL W ags %t HVLF
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oo TEHEFG AR -

d 3t VLF enig s> 7 0 @453l @ 3 5 R TS § DT R
it B JIM)U* P RE FEHE S - fAahd ~ R 2R T AR A
P RFPHBER S A L PR RT REH S 2 (Jeng et al., 2004) -

VLF-EM & # (1960 # %) fagf#s + 1 8 8% L4Fdi % » £ 2o » 8 K dgin
Hh(dike)eigis o F5lif &30 VLF-EM i3 > 515 VLF-EM R L e e 7 &
Far Tt REF M5 A d VLFE oo k2 SR ¢ 7 il es
THAcES b FHER Y SR ERABETE R IR B LR 2ok
TR E oS TR Y RBEFEARG E S M 7 B G R
@%ﬁ@%%ﬁiﬂﬁiﬁﬁ@%’%@i‘ﬁi‘%iﬁﬁﬁ’ﬁi
WG B R o Flpt e PR E R AT - BITY S F RARIT TR £ B
[ ’T} A3 ik 1 ¥ F1 S (polarized elliptical field; Grant and West, 1965; Jeng et

al., 2004 ; Jeng el al., 2007) o % =t # B #-(S)4p ¥ 2 B H-(H) 1% ] FF - 1& 1 ¥5F 3%
g & 0 (tilt angle 2 inclination)fedt< & ¢ (eccentricity)i&;? A w* RABIT 4
Y8 R4 B3l ip =4 £ (inphase component) % =X 4 B 3¥-22 4 BH-hr
ip =4 £ (quadrature component) o igAL 7 s 2 BEHFTR L A g 2 B
IR oL T RGBS E

i Adg i en VLF-EM % - SR fL 5 VLF-Z 2 A EHenp et s F
Boenfiitic 4 @A Ko R LR T ERE G A L TR 4 0 Bl
VLF-EM J&* % 2-D T % ﬁés‘é AR mipg ~# 0 RE RN IIFRGEFR
BEG A Ak T 3§ (E)alicdi i 24 (T VLF-R 2) 4 ¥ (7o 2% 3 7 fobF
B R et VLF-Z =2 7 d 35 ¢ g e B0 bldeik dp e e & £ (inphase component)
e R 4 4 & (quadrature component)sitk ~ & ~ H&-] B - 3 F BB o il 5o
BRAETE YT A D E CFRE ET G ) o A A i)
BRI AR o iR F g VLFEM p 2 e 2 O& Rk s -
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FREBAM S T HRA 2 TR RILHEE R 0 8 VLF-EM 4p 5g i
v Zhm AT O MR B e § B 2 (electromagnetic methods) & < ¥ 7 OB 2
(magnetotelluric methods) .= O# ¢ 5 W& * 28 > & § F VLF-EM 3 %)
o A B RFIANT AP EA R FY ARG OT AR EL S € 7

X S AL EAE- o poh s VLF-EM 4uER ksl o & BTN E - 4 5 e
i 13 (Beamish, 1994) - ~ O+ i~ {5 #p » Constable et al. (1987)# 1) 7 Occam’s i &
3E o 4 fEz G R 3412 (regularized inversion) o 2 B f§ ¥ 35 4 72 (Occam’s
rezor AR I H) 7 E) o AR fRAT VLF-EM 342 0% 0 BERFR 247 10 3

o B - B VLF-Z e dEd 3 S g deiw B2 s 7k

SA

F'oo R AR T A Tk
Ee T g Ml e

¢ VLF-EM p|## 22 pk =+ e VLF-EM /?Jﬁ*‘ﬁﬂn\g BB THEHMR R e 4
B Lk d FEAMN > 2P VLF-EM P f 36478 - 3 SHE 2. T RBA ITH
2T oSz BAE  THMUEFRBESRRE o8 - BHEAE
LF RS P AR AL T B MR L T U LR R
ME RS o - g ek B HUE S BT 2 Tz 3 a3 o
Hod B LATEES VEINERINGE S e, B 7 B
B LA BB AT BRI SR .
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Magnetic anomaly

/Bo = poH

T B=B,+B,

N

By=pyKH
Magnetic Susceptibility= \Y\ /
Magnetic body
— Main magnetic field
— Induced magnetic field

Bl 3-3: 4 2 5R Rt 3 F

VLF transmitter

lectric dipol
(electric dipole) VLF Feld

Conductor *__Seclond field

1 : Primary horizontal magnetic field

2 :Secondary horizontal magnetic field
3 : Total horizontal magnetic field

4 : Measured horizontal magnetic field
5 : Measured vertical magnetic field

B 3-4: TR ZSPIRET B
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310 3¢ Bl %
HAELIPS 1990 # 2= R [
PSR BE 1000—4000 m 100400 m
P BEF BE 150-300 m 7-15m
#EBR 80-1500 m 60-80 m
Wk kb 100 m (radio) 5 m in height, 2 m in horizontal (dGPS)
B4 ERIRmER 0.1nT 0.01-0.001 nT
(FH# kiR © 27 AGSO)
#0320 Bfar TR 2 E A A A
TiRl> E H A T iaie B
2P BRI(T ) 2-5 US$/Km 2000-3000 Km/day
7% BRI F) 10-40 US$/Km 1000 Km/day
B AR 800 US$/Km 100-200 Km/day
A RR 10000 US$/Km 10-20 Km/day
b TR 10,000,000 US$/hole | 2—-3 month/hole
(FAL &R 2 AGSO)

% 3-3 1 GSM-19 i 7| &k B #ric f& e VLF 8 8+ & A A Tl 4

Location Designation Frequency (kHz) Power (kW)
Bordeaux, France FUO 15.1 500
Rugby, UK GBR 16.0 750
Hegeland, Norway JXN 16.4 350
Moscow, Russia UMS 17.1 1000
Yosamai, Japan NDT 17.4 500
Oxford, UK GBZz 19.6 550
Annapolis, USA NSS 21.4 400
NW Cape, Australia NwWC 22.3 1000
Lualualei, Hawaii NPM 23.4 600
Cutler, USA NAA 24.0 1000
Seattle, USA NLK 24.8 125
Aguada, Puerto Rico NAU 28.5 100
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32 $A TR

1)

(2)

EABRE S R
A2t4 @ B ZH instruments 2 2 i cHSM-30 £ # N ER K B BIR
ER R (R 35) ik FHERFL LY  cRFFER > L L
YRR ERAS TR AR AR PEE R LB LR T - B
DR 30 0 1 RBH TaE o

(=

3

BRTres €

*F R p A OYO = @ ®ig shHminiOhm & &g

F(B3-5) ERMEEE T % c MFE PRI
i3 o

S
v

TR R kBRI
TRGETE L G o 4
FETERE T
ﬁ%k%'%%&%ﬂ’uﬂiﬂﬁioi—éﬁﬁgiﬂZOQ&%’H

KH T aE o

\r:z

i

"E\

{7

(a)& il
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BRERFEENF (D)SM-30 L &N EE FRER&K: C) BRI EE T I EEHFA;; (d)
miniohm & g T 12 & Bl ©
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4 LA

41 #5550 5 B4 RAER
b R R A E AR L AT

1)
()
(3)
(4)
()
(6)
(7)
(8)
©)

R % 455 0 GEM, GSM-19W v7.0
7.4 & ipl# F : 10,000-120,000 nT -
B4 2R EmAE <0.1nT-

B4 ERI&EATR $<0.022nT -

BB~ 1 >5Hzo

FrEARER 1B

SM-30 2t Fiple3t t 1B o

(10) ®E4 1B -
(11) = 2.“*6\4?\#&?%—{-.}11 }: _ f]}?—;—% .

(1)
()

(4)

(5)

AP F WA BRI R YRR R BB AR Ao T
bk R F ARG e

Y GECE R PR A FRGENPTRIERFEFEGER
AR R 1S A E BB AT S B 892,500 B 0K K A7 e 7.1
K K (B 4-1 B 4-2)%0 2013 & 4 % 11 p #3801 F a0 k1 AR E
T A NP L F Y - RN 2 kPR B F R
i

AE 2013 # 4 % 22 p = Ak & RIE(R 41~ B 4-3)% (B 4-4) -
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47500 UTC hour minute second LocalTime nT sq
637506 37 50 14:37:50 47277.71 99
47450 637546 37 54 14:37:54  47277.75 99
= 47400 .
= 637586 37 58 14:37:58 47277.22 99
E 47350 638026 38 02 14:38:02 47277.95 99
§ 47300 - 63806 6 38 06 14:38:06 47278.52 99
£ 47250 | 638106 38 10 14:38:10 47279.26 99
g 47200 638146 38 14 14:38:14  47279.67 99
) 47150 638186 38 18 14:38:18  47275.08 99
S 47100 638226 38 22 14:38:22  47279.86 99
47050 63826 6 38 26 14:38:26  47276.41 99
47000 T T T T 638306 38 30 14:38:30 47276.76 99
14:24:00  14:38:24  14:52:48  15:07:12  15:21:36  15:36:00 cagaale |38 2 143834 a7277.4) 99
Time (hh:mm:ss) 63838 6 38 38 14:38:38  47277.73 99
Bl4-3: e ai? RPFREH
(B RIRPFREA BRET  BPHFRES BRSNS BAL N EERIRPIER S BEH
BT HREREETR)
O % 44 {1 FRTA T > AL T R
[T B
Wit H © 2013/04/22 17:43:08
WIS - 5000426930 G - R
P 3000357660 CULE thhl 20130430
AR ¢ 1550000527 AU ¢ 13-55-0618 U - effas 531352 13793
WL 770941 RN 15449 - S50H100 ‘,m!f.V;mt) * 910000 TWD
A WU C455SH2200 Y fren ). Wil 15449 FRU 00 AR 16532
/O, PR 16551 W 21 ¢ 2013/04/11 FES S 2013/04/11
{ILe6 © 0012229016 i RAHBAT) it * 02-27584670
EAVIARAR 3 P UF [T
Tl
AL BRI
Wt
(1D
’ FI ot (e W 7 P S0 () A ([ 1P4) il B
H1 g T Wil ST Al 1811 it Al i wICR)
1 EA  762,000.00 1 0(N) 0(N) 5110310
10 oy T ) il 762,000.00 1 0 2013/04/30 0
20 1 EA  88,000.00 1 0(N) 0(N) 5110310
FERAR A M 88,000.00 1 0 2013/04/30 0
£t 850,000 BRI 42,500 [ oM ) #in: 0 “akReny - 892,500TWD
§E 0 2 VRSO3 (S0 BB LR )
{495 0 1 770941 # it j# 4L ¢ 55-0H100 W GEM
G fr B H24M « 108A%¢ WS GSM-19W
LN el Rt T ) I :
S B4R 3100505001
W,;? SrEE A3 UM S/ T/ R
PRA
R UIRY ATy
1.1 ¢
2. ll.-'»f'..xwll 4/2zmumxcmmnn~smmmaf—ﬁ QM RN -
i iy i‘j"‘ R
500208 5500103 O A WefEA: 7709418 f0sH WHA: 770941 Wit
WO B RS G
0020/ 200103 WA mA ek A 53135281 HHA
00208 500104 Rt R Wtk A 5235737051 WA
102001 7300103 RS | REORIFA WA 5313529 1% WA 531352 ¥fhW
#0500 #50010% YRR : BRI A O 0% WA 780657% % WA 780657MF %
#M0600R 250010 & iR M : i Wk A: 526826FAF: B

Bl 4-4: B8 e s Rk s
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42 z ¢ @+ FpITE
4.2.1 iplEs R3]
4211 #sad)

DR ER AL AT RS RRS S, B T U R e K W

ARE > A R 2 MR R R AW o X F E 2 FRIFEE G 2,601 km? s L2

QEE R BRI PE R RRRG IR 45 7 0 W deT

(1)

()

(3)

(4)

()

*EF LRI EES 500 m 3K 2| A(survey line) o Bl w2 N30TW o £
VRPN REE THE S e IV ELRGED REHERA - BPRES
2o RF 2 RIMBE R L 5202km s &2t 149 RIS o

WP s(tieline) 2 plsi= v -8 > PR IE- 4 5 PIAFIEZ 10 B > &k
FPARFFESL 5000 mo F]F ERIARBE T ERPAPR  BPALELREY
521 km -

B4 % VLF-EM ## % 2 5 10 Hz > 2 73 & 200 km/hr 42 5 > 71508
REFEFEFRYL 55mo

T Ras TR B LS X T A - iR B TR T L R R
7o i M PIARELT > TE-REHRTEE AP ERG LFETR
FRE> w2 BT I RBNRIARE T o m kP F R E F s (8
LIEF 500 > BHEERF o 7R A 200 kmhriey o B A FERE 30
HNF OF M PR UAFHREFT D e o

VLF-EM ipl# 27 8 ek 2 B35 B > B 9rdc VLR S a2 w3 B &5
FREic- B VLR S8 304 2 VLF 23 w8 il s 2504
BEHRRERE > € MHZE T MOk s SRARAFL v B
(directional bias) - #x VLF-EM Bl pE ¥ 2 & b pFidc™ B ek 4p 3 £ 3 o0
VLF 3 5 i 44T e e g X hiz@r b by BLopd P -
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% 4-3 1 L ERAE A & bk2 ROk T

PR B4R P E#HL B4R P EH2 B4 RSP EH#H3
e | el | ek T | Sa | ek ek T | % Skl | ek T | %
L0OO1 | 8021 | 0.000628 | 1 8021 | 0.000564 | 1 8021 | 0.087600 | 2
L002 | 7101 | 0.001152 | 1 7101 | 0.000801 | 1 7101 | 0.000822 | 1
L003 | 7725 | 0.000608 | 1 7725 | 0.000529 | 1 7725 | 0.082388 | 2
L004 | 6305 | 0.001146 | 1 6305 | 0.000783 | 1 6305 | 0.000791 | 1
L005 | 6474 | 0.000544 | 1 6474 | 0.012449 | 1 6474 | 0.059374 | 1
L0O06 | 6557 | 0.001158 | 1 6557 | 0.000817 | 1 6557 | 0.000823 | 1
L007 | 5861 | 0.000405 | 1 5861 | 0.000316 | 1 5861 | 0.000388 | 1
L008 | 6717 | 0.001127 | 1 6717 | 0.000827 | 1 6717 | 0.000862 | 1
L009 | 6018 | 0.000413 | 1 6018 | 0.000324 | 1 6018 | 0.000388 | 1
L010 | 7041 | 0.001105 | 1 7041 | 0.000800 | 1 7041 | 0.000821 | 1
LO11 | 5769 | 0.000408 | 1 5769 | 0.000318 | 1 5769 | 0.000391 | 1
L012 | 6390 | 0.001151 | 1 6390 | 0.000830 | 1 6390 | 0.000883 | 1
L013 | 6113 | 0.000411 | 1 6113 | 0.000323 | 1 6113 | 0.000379 | 1
L014 | 6375 | 0.001138 | 1 6375 | 0.000820 | 1 6375 | 0.028601 | 1
L015 | 6069 | 0.000399 | 1 6069 | 0.000318 | 1 6069 | 0.000386 | 1
L016 | 6257 | 0.001153 | 1 6257 | 0.000826 | 1 6257 | 0.000856 | 1
L017 | 6051 | 0.000403 | 1 6051 | 0.000319 | 1 6051 | 0.000381 | 1
L018 | 6233 | 0.001151 | 1 6233 | 0.000820 | 1 6233 | 0.000846 | 1
L019 | 5819 | 0.000416 | 1 5819 | 0.000318 | 1 5819 | 0.000376 | 1
L020 | 6382 | 0.001162 | 1 6382 | 0.000823 | 1 6382 | 0.000871 | 1
L021 | 5615 | 0.000430 | 1 5615 | 0.000340 | 1 5615 | 0.000420 | 1
L022 | 6631 | 0.001136 | 1 6631 | 0.000823 | 1 6631 | 0.000848 | 1
L023 | 5663 | 0.000434 | 1 5663 | 0.000336 | 1 5663 | 0.000409 | 1
L024 | 6787 | 0.001127 | 1 6787 | 0.000808 | 1 6787 | 0.000827 | 1
L025 | 5670 | 0.000422 | 1 5670 | 0.000333 | 1 5670 | 0.000405 | 1
L026 | 7109 | 0.001113 | 1 7109 | 0.000786 | 1 7109 | 0.000809 | 1
L027 | 5476 | 0.000438 | 1 5476 | 0.000335 | 1 5476 | 0.000379 | 1
L028 | 7078 | 0.001142 | 1 7078 | 0.000819 | 1 7078 | 0.000846 | 1
L029 | 5762 | 0.000475 | 1 5762 | 0.000360 | 1 5762 | 0.000393 | 1
L030 | 7085 | 0.001146 | 1 7085 | 0.000808 | 1 7085 | 0.000837 | 1
L031 | 5397 | 0.000443 | 1 5397 | 0.000334 | 1 5397 | 0.000379 | 1
L032 | 6941 | 0.001136 | 1 6941 | 0.000819 | 1 6941 | 0.000836 | 1
L033 | 5812 | 0.000477 | 1 5812 | 0.000362 | 1 5812 | 0.000416 | 1
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F 4-3 1 % saE 4 g gk jeiok T (H)

PR B4R P E#HL B4R P EH2 B4 RSP EH#H3
e | el | ek T | Sa | ek ek T | % Skl | ek T | %
L034 | 7179 | 0.001144 | 1 7179 | 0.000822 | 1 7179 | 0.000842 | 1
L035 | 5512 | 0.000462 | 1 5512 | 0.000352 | 1 5512 | 0.000411 | 1
L036 | 6901 | 0.001175 | 1 6901 | 0.000842 | 1 6901 | 0.000864 | 1
L037 | 5525 | 0.000460 | 1 5525 | 0.000345 | 1 5525 | 0.000412 | 1
L038 | 7075 | 0.001161 | 1 7075 | 0.000825 | 1 7075 | 0.000844 | 1
L039 | 5809 | 0.000481 | 1 5809 | 0.000387 | 1 5809 | 0.000447 | 1
L040 | 6913 | 0.001133 | 1 6913 | 0.000810 | 1 6913 | 0.000824 | 1
L041 | 5977 | 0.000443 | 1 5977 | 0.000340 | 1 5977 | 0.000400 | 1
L042 | 6440 | 0.001199 | 1 6440 | 0.000849 | 1 6440 | 0.000890 | 1
L043 | 6440 | 0.000499 | 1 6440 | 0.000391 | 1 6440 | 0.024839 | 1
L044 | 7301 | 0.001151 | 1 7301 | 0.000815 | 1 7301 | 0.024197 | 1
L045 | 6341 | 0.000503 | 1 6341 |0.000390 | 1 6341 | 0.000449 | 1
L046 | 6869 | 0.001172 | 1 6869 | 0.000856 | 1 6869 | 0.001125 | 1
L047 | 6227 | 0.000491 | 1 6227 |0.000391 | 1 6227 | 0.000446 | 1
L048 | 6906 | 0.001187 | 1 6906 | 0.000864 | 1 6906 | 0.000888 | 1
L049 | 6443 | 0.000492 | 1 6443 | 0.000384 | 1 6443 | 0.000441 | 1
L050 | 5616 | 0.001195 | 1 5616 | 0.000868 | 1 5616 | 0.000896 | 1
L051 | 6457 | 0.000516 | 1 6457 | 0.000400 | 1 6457 | 0.000452 | 1
L052 | 7027 | 0.001167 | 1 7027 | 0.000843 | 1 7027 | 0.024683 | 1
L053 | 6505 | 0.000519 | 1 6505 | 0.000411 | 1 6505 | 0.000440 | 1
LO54 | 7547 | 0.001140 | 1 7547 | 0.000824 | 1 7547 | 0.056114 | 1
L055 | 6671 | 0.000538 | 1 6671 |0.000433 | 1 6671 | 0.000459 | 1
L0O56 | 7089 | 0.001178 | 1 7089 | 0.000868 | 1 7089 | 0.046373 | 1
LO57 | 6394 | 0.000506 | 1 6394 | 0.000413 | 1 6394 | 0.000446 | 1
L058 | 6565 | 0.001270 | 1 6565 | 0.000926 | 1 6565 | 0.064554 | 1
L059 | 6722 | 0.000568 | 1 6722 | 0.000501 | 1 6722 | 0.000543 | 1
L060 | 6624 | 0.001350 | 1 6624 |0.001062 | 1 6624 | 0.070621 | 1
LO61 | 7382 | 0.000649 | 1 7382 | 0.000580 | 1 7382 | 0.000624 | 1
L062 | 6400 | 0.001311 | 1 6400 | 0.001022 | 1 6400 | 0.053469 | 1
L063 | 7050 | 0.000791 | 1 7050 | 0.000725 | 1 7050 | 0.000757 | 1
Lo64 | 6175 | 0.001621 | 1 6175 | 0.001395 | 1 6175 | 0.001404 | 1
L065 | 7638 | 0.000711 | 1 7638 | 0.000660 | 1 7638 | 0.000687 | 1
L066 | 6511 | 0.001368 | 1 6511 |0.001084 | 1 6511 | 0.001097 | 1
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% 4-3:

LR S B pesk T ()

PR B4R P E#HL B4R P EH2 B4 RSP EH#H3
e | el | ek T | Sa | ek ek T | % Skl | ek T | %
L067 | 7460 | 0.000827 | 1 7460 | 0.058454 | 1 7460 | 0.054631 | 1
L068 | 6455 | 0.001334 | 1 6455 | 0.001044 | 1 6455 | 0.001058 | 1
LO69 | 7561 | 0.000828 | 1 7561 | 0.000823 | 1 7561 | 0.037822 | 1
LO70 | 6721 | 0.001542 | 1 6721 | 0.001273 | 1 6721 | 0.001282 | 1
LO71 | 6756 | 0.000765 | 1 6756 | 0.012181 | 1 6756 | 0.055815 | 1
Lo72 | 6711 | 0.001467 | 1 6711 |0.001170 | 1 6711 | 0.014396 | 1
Lo73 | 7072 | 0.000773 | 1 7072 | 0.026102 | 1 7072 | 0.050788 | 1
LO74 | 6702 | 0.001504 | 1 6702 | 0.001217 | 1 6702 | 0.001221 | 1
LO75 | 6712 | 0.000780 | 1 6712 | 0.000750 | 1 6712 | 0.040810 | 1
LO76 | 6238 | 0.001451 | 1 6238 | 0.001154 | 1 6238 | 0.001132 | 1
LO77 | 7138 | 0.000619 | 1 7138 | 0.000567 | 1 7138 | 0.080742 | 2
LO78 | 6389 | 0.002361 | 1 6389 | 0.002187 | 1 6389 | 0.002173 | 1
LO79 | 7931 | 0.000590 | 1 7931 | 0.000531 | 1 7931 | 0.043099 | 1
L080 | 6363 | 0.001338 | 1 6363 | 0.001002 | 1 6363 | 0.000983 | 1
L081 | 7828 | 0.018138 | 1 7828 | 0.053463 | 1 7828 | 0.083735 | 2
L082 | 7883 | 0.001224 | 1 7883 | 0.000989 | 1 7883 | 0.001023 | 1
L083 | 7887 | 0.000872 | 1 7887 | 0.000808 | 1 7887 | 0.000836 | 1
L084 | 7728 | 0.001211 | 1 7728 | 0.000977 | 1 7728 | 0.001001 | 1
L085 | 7573 | 0.000724 | 1 7573 | 0.000647 | 1 7573 | 0.000686 | 1
L086 | 8119 | 0.001125 | 1 8119 | 0.000868 | 1 8119 | 0.000893 | 1
L087 | 7473 | 0.000724 | 1 7473 | 0.000630 | 1 7473 | 0.009308 | 1
L088 | 22035 | 0.000962 | 1 22035 | 0.000869 | 1 22035 | 0.000892 | 1
L089 | 14845 | 0.026177 | 1 14845 | 0.000373 | 1 14845 | 0.000447 | 1
L090 | 19641 | 0.010712 | 1 19641 | 0.000843 | 1 19641 | 0.000848 | 1
L091 | 17049 | 0.001120 | 1 17049 | 0.060427 | 1 17049 | 0.015209 | 1
L092 | 13704 | 0.000386 | 1 13704 | 0.066410 | 1 13704 | 0.000377 | 1
L105 | 21248 | 0.001159 | 1 21248 | 0.000808 | 1 21248 | 0.000855 | 1
L106 | 15079 | 0.000494 | 1 15079 | 0.001654 | 1 15079 | 0.000458 | 1
L107 | 17886 | 0.001117 | 1 17886 | 0.068033 | 1 17886 | 0.000914 | 1
L108 | 14382 | 0.000378 | 1 14382 | 0.000297 | 1 14382 | 0.000372 | 1
L109 | 19453 | 0.001113 | 1 19453 | 0.000878 | 1 19453 | 0.000913 | 1
L110 | 14321 | 0.000446 | 1 14321 |0.000322 | 1 14321 | 0.000401 | 1
L111 | 19350 | 0.001198 | 1 19350 | 0.000873 | 1 19350 | 0.000881 | 1
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% 4-3:

LR S B pesk T ()

PR B4R P E#HL B4R P EH2 B4 RSP EH#H3
e | el | ek T | Sa | ek ek T | % Skl | ek T | %
L112 | 16508 | 0.000548 | 1 16508 | 0.000463 | 1 16508 | 0.000509 | 1
L113 | 18154 | 0.002873 | 1 18154 | 0.000871 | 1 18154 | 0.000899 | 1
L114 | 16109 | 0.001143 | 1 16109 | 0.107496 | 2 16109 | 0.000889 | 1
L115 | 13876 | 0.000378 | 1 13876 | 0.089505 | 2 13876 | 0.000361 | 1
L116 | 15728 | 0.001159 | 1 15728 | 0.085672 | 2 15728 | 0.000946 | 1
L117 | 14218 | 0.000366 | 1 14218 | 0.056247 | 1 14218 | 0.000340 | 1
L118 | 17132 | 0.003425 | 1 17132 | 0.060037 | 1 17132 | 0.000898 | 1
L119 | 14345 | 0.000397 | 1 14345 | 0.000308 | 1 14345 | 0.000379 | 1
L120 | 18439 | 0.001233 | 1 18439 | 0.035681 | 1 18439 | 0.000980 | 1
L121 | 15483 | 0.000452 | 1 15483 | 0.000586 | 1 15483 | 0.000430 | 1
L124 | 16918 | 0.000470 | 1 16918 | 0.000398 | 1 16918 | 0.000423 | 1
L125 | 18802 | 0.001186 | 1 18802 | 0.000865 | 1 18802 | 0.000960 | 1
L126 | 18879 | 0.001200 | 1 18879 | 0.000883 | 1 18879 | 0.000916 | 1
L127 | 15196 | 0.000486 | 1 15196 | 0.000396 | 1 15196 | 0.000450 | 1
L128 | 18849 | 0.001169 | 1 18849 | 0.000851 | 1 18849 | 0.000888 | 1
L129 | 15692 | 0.000468 | 1 15692 | 0.000373 | 1 15692 | 0.000414 | 1
L130 | 18843 | 0.001168 | 1 18843 | 0.000848 | 1 18843 | 0.000856 | 1
L131 | 15747 | 0.000470 | 1 15747 | 0.000361 | 1 15747 | 0.000416 | 1
L132 | 19132 | 0.001215 | 1 19132 | 0.000887 | 1 19132 | 0.014647 | 1
L133 | 16544 | 0.000488 | 1 16544 | 0.000394 | 1 16544 | 0.000443 | 1
L134 | 16625 | 0.001235 | 1 16625 | 0.000989 | 1 16625 | 0.070267 | 1
L135 | 15968 | 0.000440 | 1 15968 | 0.000368 | 1 15968 | 0.000405 | 1
L136 | 15541 | 0.001230 | 1 15541 | 0.000901 | 1 15541 | 0.000906 | 1
L137 | 17912 | 0.000403 | 1 17912 | 0.000314 | 1 17912 | 0.000386 | 1
L138 | 14979 | 0.001210 | 1 14979 | 0.000907 | 1 14979 | 0.000919 | 1
L139 | 17618 | 0.000402 | 1 17618 | 0.000311 | 1 17618 | 0.000378 | 1
L140 | 18338 | 0.000378 | 1 18338 | 0.000315 | 1 18338 | 0.000360 | 1
L141 | 17135 | 0.001175 | 1 17135 | 0.000853 | 1 17135 | 0.000964 | 1
L142 | 18139 | 0.000378 | 1 18139 | 0.000318 | 1 18139 | 0.000354 | 1
L143 | 16392 | 0.001183 | 1 16392 | 0.000867 | 1 16392 | 0.000957 | 1
L144 | 16190 | 0.000342 | 1 16190 | 0.000280 | 1 16190 | 0.000335 | 1
L145 | 17798 | 0.001188 | 1 17798 | 0.000855 | 1 17798 | 0.017657 | 1
L146 | 15684 | 0.001208 | 1 15684 | 0.000899 | 1 15684 | 0.000902 | 1
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F 4-3 1 % saE 4 g gk jeiok T (H)

B AR y A )@“5?‘]%#1 B A }‘@\;‘5?']%#2 A @5?']@#3
S | ekl | 3ok T | Sam | ekl [seaok T | Sa | kgl | kT | %
L147 | 19687 | 0.000414 1 19687 | 0.000339 1 19687 | 0.000397 1
L148 | 26047 | 0.001058 1 26047 | 0.000787 1 26047 | 0.000832 1
L149 | 17606 | 0.000732 1 17606 | 0.000594 1 17606 | 0.000629 1
T901 | 14690 | 0.001090 1 14690 | 0.000820 1 14690 | 0.017597 1
T902 | 14113 | 0.001090 1 14113 | 0.000871 1 14113 | 0.000871 1
T903 | 13739 | 0.000808 1 13739 | 0.000669 1 13739 | 0.012825 1
T904 | 14724 | 0.001103 1 14724 | 0.000839 1 14724 | 0.017996 1
TO05 | 15492 | 0.000863 1 15492 | 0.000709 1 15492 | 0.000726 1
T906 | 13983 | 0.001069 1 13983 | 0.000807 1 13983 | 0.012894 1
T907 | 14724 | 0.000841 1 14724 | 0.000675 1 14724 | 0.000711 1
Fe 4-4 1 B A b enge iR T 4 Bih

S iais

¥ - S; = 0.01nT

FHENN 0.01nT < S, = 0.03nT

¥z 003nT < S, < 0.10nT

ER N S, >0.10nT

(FF Kk g Rl ig - ¢ BR 2 RS 0 2010)
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45 4 b K2 jeaok T

- B R R BH#L B R R BH#

" kB | ek 5 B el | ek T 5 4
2013/7/19 11564/  0.001307 1 11571]  0.001364 1
2013/7/20 21371|  0.001286 1 21460  0.001144 1
2013/9/2 27489  0.001056 1 27461|  0.001132 1
2013/9/3 25701|  0.001021 1 25669  0.001464 1
2013/9/4 26901|  0.001250 1 26888| 0.001086 1
2013/9/5 23200 0.001082 1 23181| 0.001338 1
2013/9/6 23230|  0.001096 1 23208|  0.001112 1
2013/9/7 22709|  0.001098 1 22815  0.001536 1
2013/9/8 22608|  0.001035 1 22623|  0.001175 1
2013/9/9 21998  0.001277 1 21987/  0.001070 1
2013/9/10 26313  0.001093 1 26273| 0.001185 1
2013/9/11 19638| 0.001187 1 19667| 0.001147 1
2013/9/24 25302| 0.001378 1 24955  0.001243 1
2013/9/25 20934/  0.001218 1 19431  0.001402 1
2013/9/27 19349|  0.001155 1 19873|  0.003362 1
2013/9/28 20221|  0.000968 1 21710  0.002818 1
2013/9/29 20880  0.001019 1 20851|  0.001185 1
2013/10/13 20977|  0.001854 1 30685 0.001187 1
2013/10/14 13890/  0.001713 1 14317|  0.001231 1
2013/10/19 22767|  0.001319 1 23246/  0.001647 1
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433 Bt THE

PIEF AR EAG AR LG 7 F g & (magnetic inclination) £ 2 i
4 (magnetic declination) » 24 5 &2 § B § X ERITAM LB £ B
FREMAE IO RS O AP B4 B ¥ g & & Wy TREMOEE
R BT EAH90 R 0 RZ P B4 BH 3 R KT 0 X2 HEF TE
B % (B 4-16) > Lot A 2 BRID2BA %A > GLERY TEME RES

e A E B AFERE A R IER S K E 4 B o

FHASL2 P chhst RS it FIE I & SR th & 0 B B F B M E ik
BREF QRS ABKRR A FER DRSS LR RS 2RI

SR Ap i pRan kv E

4.3.3.1 ki
%ﬁﬂ@MWm{%J?ﬁaﬂﬂﬁﬁiﬁﬁ%;—’%%Eﬁﬁi%ﬁﬁ
BT MR EBEOEREEE R LR D R RS R A E i AL HL 5
Fib oo O gLt 3 0x 2 45 1 BEAEF 2 (inverse distance weighting method;
Donald, 1968) ~ g = ;# (bi-directional method) - W ;% (minimum  curvature
method; Swain, 1976) 2 5. 2 #%; (Kriging method) % - $%& /j 547
(1) BEHE 2
R OTRIEEA I R 0 R R Y S ROE K RN R
Bl o)A p|ELE e BEF 2 FEAEF L L 4B Gl o B L e BEnlicE o
R EALRIEEE R R R AR PR AR A E
- FERER S R
(2) g2
W OTEPIARAR T T F R A 0 2 RRIART A Y Sk (line
number)se 1 F A 0 FE PR LA M43 T (T aNpAR o JLIRARE LB pla

w & 3E % — fA P FE(interpolation);2 > 3R E PFALRIAR Y B 4R R e Bhendic
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BoL P AP L Rl andild o F BLPIELECE B L BF o H PR B PR AT
TR P BEen o
3) B W FiE
F YRS g R BRI G W R A AR Y PR
it 22 HAAMELZERETE REGERF S LREZERED &
T G oo LRI G LR EEE o AR AR Bt IR Y
BFAL Rt P E G EFEREeE o
4) 22
TP Rk s F R B 0 H BRI A S S i g
d E RS PIBERERE R ER M B i § h% £ S #ic(variation
function)fi-3] & (74t & » HJp 3t B & R BDEE < - B PR AP HRE
et dop TRV B aEd o FRIBLAF AP 2 AL R EF A ETAY
R E g % o
SRGE PRI RS 0 A HEY B FREFRREL R E
¥ oe BRI EEZ 18 1 1/4> X E RPIERES 0 M3 E R < ] 100x100 m & §5
S Brenge i o

4332 B+ THERB L

Rbemid EREBETE - &P FREBIE 40 EE2E4 R (total
magnetic intensity grid; TMI grid) > ¥ dp W87 FF A 2 2 2R E 1 7> &4
ToRLT AJ® A & & 352 T 3F P (Luyendyk, 1997) :
(1) =A#H Gi (spike removal)

RAFe L R EFPEAS BRIB AT REERY » FLh 85 F Ly 7
%“’%ﬁ@4ﬁﬂﬁﬁﬂ%f%ﬁ’i?%&uTﬁ%ﬁ%&Jﬁ&Jﬁ
Rk
(A) §I% #i} 548 (un-locked) s 4 f & > & 4554 & B2 % 15 & - BT
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g o
(B) #e® 41F L HAREA L ?J%ﬁ B A PR o
(C) 2 2ua A (non-linear filtering) i > i},ﬁ% AP ] R

Bl 4-17 3 A5 RAAB G0 0B R BRI B (7 e i 1 (5 R 1T e
2R RER R B s FIRAERDF A M2 B F - o Rk e
A G ARARREL AR F]E A - RIS 0 1 180 B <o i

AT ERIRE > L AR R RIE AR LS kBRI R ¢
A

W 418 5L RA MG G B D 2pA 5 R R 2 F 417 50 T
’;&‘}Jiﬁ%“,f fo > Be e }}"I“f TR SRR 0 RS SN R T G BRIR

Z e F R AR B eh kSR

#ue i3 ¢ (heading correction)

fup gL A& P ARASTIE T A AT e e PR Y R ORI A3
FERRS R TG R AT L E A TP R R B
REFAD R o B 7TRE FEEA RPE AR Bt b s g & 84
% 4-6 751 o

e B LS EA REEB I B RS BAERAP R ET S
%¥’%76¢ﬁ*ﬁ% R R B b B R B R RS

40460 = phiF b LB R ORIE it i3 1 B

#e (N'E) Fe 13 1 @ (nT)
060 1.8119125
150 -1.4762875
240 0.6360825
330 -0.7420232
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(3)

(4)

2 Y& 13 o (lag correction)

FliErhk TR PIEEREARPIEDTE IR PR BT RE?
BE T R AR s BLRlSRS w A 4 u B (lag effect) o TFaf Tl 2
Ged oA 2P RRF AT RFLAA A &Y b RER L ERZ,
AR FE ER o BT m@%iéﬁﬁﬁ$’?ﬁw@&?#%@w’
LHRES LRt w2 pFl 2 THEDE2 THREFIE -

AREERR Y2 s K 0 H GPS T MEE A RRIERF KT E4 S 5.3
m> 7k F 150-220 km/h 42 8 > plaE Bl K 430 0.1-02s 2 BF 5 e A
VRZUEBER I RIS 2B
A k13 1 (base correction)

A=k 2 1 (base correction)* F-p % it i2 & (diurnal correction) » B s f 3t
3 R AR NIEEDF o 2 REF PP oo d BN A RRE
&ﬁﬂiﬁa’ﬁiﬁﬂ&ﬁ§%&iﬁiﬂ%’%ﬁﬁﬁﬁ&oﬂ&%
SR G R Al R R g FARE RS IR AR
hedn NS ARk D o

Bl 4-19a % 2013 & 9 " 10 P chl 4ok B & 47 %”I“sz&p';*’ SFREOR

‘?‘“3«":‘

o

BRI GS o B R Ao ®] 4-19D fror 0 HRE % 4 1§ £ (4-th difference; B
A-19C) B+ B B R 4P 178 T U BBAESE o A F A w1 AP K E
(non-linear filter) 2 & jg & % (low-pass filter)%i[@“,éf BOAR R 0 KRR (S e
bo B e brdeB) 4-19d From o R R NS AR T o

AP TFTAENFBHRERB AL B PR FFor R 3
B X pRd Eiplkse BARAE R P AR SRS R T A ;e
9P o B A R IBREEEAREG SRS BRE > B N E KBRS
4o DN AR IBREFFR R BELEE D, N R F AR BEEEHDTS

Eood AP BB ¥R 3RS B AT RS>
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®)

(6)

R B oo
IR S Gi (IGRF removal)

B3k eni g 3-(main field)ss B 27 A B o e E B MR E D 2
7= e M S a‘rkf oA BT A w R - A3 F H* IAGA (International
Association of Geomagnetism and Aeronomy) #1 % i (O R % 0 B K+ B
(International Geomagnetic Reference Field; IGRF)z*+ & =53¢ » L2+ 5 & — jpjgL
SILn A BH A AR TS  FR RRITAY A lderh o RRE B R S
Er i gt ko deT o

n

V= ai Z()m (g;"cosm¢+h;“sinm¢)pg1(cos(9) .................................................. (11)

=m0
FP VAR RABS B BR A G IRTBHLT or SRR IRY w2 §E
> ¢ 5 5 & (longitude) - 6 % ¥ < &% & (geocentric colatitude) > 3 m =t =
n =x ¥ z_ S % Legendre function » 2 3 3 #7 % #i(Gauss coefficients) » @ N &
BATREE B L R o I REBHAY ¥ B N=10> Bl & 3
120 =3 #7% #c o
rF @t IAGAF 2 2010 # IGRF #-4]» S ¢ B4 8 % plgka IGRF

Bod WhRIBF2ZE? RRAPETFRCE w24 2 ¥ BE IGRF

SRS IAE > Bl 420 SRR 15 B4 ks IGRF B 1w 15t g
55 IGRF 3 & (5 » 54 205 % (trend) !t T % » B 4-21 % = IGRF
Brigargt RYR B rw gt BV BI(R 4-18)4p 0 > B 4-21 ¢
4

2d mEgpitipgt B (P B o
# I (leveling)

BLREB 421 M wIRF S BRI » T TN e B P 2 S5
Tipf BHAERE A & TR v Y B R AR R kB TR
ToB o F S AR ARRI AR PR 4 K A AR 2 - Rendh i (level) > @ A5
BRI {7 R 0 Gk KL (Systematic noise) o i “,!rt SRR e

W ARF 5 3 T (leveling) > ¢ 42 ¢ F i A T (normal leveling) 2 fic 3 X
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(micro-leveling) B3 & #H 2 o T A AT | HFET LE PR 3
BIRE PR LB AT LR > B L RIRGES B R
BHRPR BB L B E i o BT R REE S wiplk
(directional filtering) e #£ 4 > ;‘),g",f TR AR dde I o
Bl 422977 2 S4BT 2ps BRBEATDD2ES SR F
(B 4-21)4p " » BEom Sl 38 3 T 18 < 0t 00 Bl ART (7 ek Muf g o
v ARG E ML A wFEEF THRAT ) s ET A
(A) pRes e dop At
*3hF 3o 45z g i B (directional cosine filter)#-= 150 & 1%
BpFe o gk e N p B 4-22 ¢ A dpd ko Ao 4-23 Ao o -
bRlE S e drdo Bl 4-23 ¢ HRRIBR R 2 flARReIL s 0 £ TiE R
feit BEEFIrR 4-24 2 224 KB - SR 422400 0 B RREBS
W ol g o
(B) {72 ik
d 33w gk (directional filtering)# @2 § 7 7 iv FRAES F
ME > 32> p gk T3 A - IF SR T J2R R > 2 AT e & 1
F* o B 4-25 a1 4% ¢ 12 (color-shaded) £ g ] 4-24 > 4[] 4-25 ¢ 2,
§ #ER AR TG B IR RIAE v NIE R IR G o Bt A F 7 £HER]
4-230 1 3 e Apinih ik BT o Rk 0 Bl 4-26 L SRR 5B e
RS RRER
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Mag. Intensity

Mag Intensity

Mag. Intensity

Mag Intensity

M 416 2p4 %A S MEF FEBETLE BMEE MG
Bor AT AmHz H3w | RARMLE)
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4.3.3.3 Pt e

PRISLBEE - BT o R PR B R R AR T T

(1)§F t&4% & (reduction to the pole; RTP) ~ (2)im i (filtering) ~ (3)+ + £ # (upward

continuation; UC) ~ 22 (4) 3 4~ (derivative) & » P 4o

1)

(2)

FiEs

P 2 0 R Py AONRE A 00 R R TEE RS B
Bl RSB EENH0 R -00 At BBl - AL FREMEER
PR R ERGE FIRT o Tt slAe B2 2 4 E 0 A4F2 % MaclLeod et
al. (1993)#74% 11 cdie B 25N (7348 5 4o

L(H) = [SII'](| ) —j COS(| ) 'COS(D _ 9)]2
= [sinz(la)+0052(la).c032(D—0)J.[sin2(|)+cos(| )-cos?(D —H)J

‘\‘égz\lﬁ-&%%ﬁﬁ%ﬂ71lﬁ§-’l 3/?]\&'1@}%‘—» Iy?"s’-’D :\/EJ

BAH2 it & o la B & % K R R M & (pseudo-inclination) » 3T 4 4
20 B P BT EREOR UL AR LFRIN L RIBIERT
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ADVANCED MAGNETOMETERS

GEM'’s unique Overhauser
system combines data
quality, survey efficiency
and options into an
instrument that takes the
leading place in the industry.

And the latest v7.0
technology upgrades
provide even more value:

Data export in standard XYZ
(i.e. line-oriented) format

for easy use in standard com-
mercial software programs

Programmable export
format for full control over
output

GPS elevation values
provide input for
geophysical modeling
Enhanced GPS positioning
resolution

Standard GPS Option B:

« 1m SBAS (WAAS, EGNOS, MSAS)
High resolution GPS Option D:

« 0.6m SBAS (WAAS, EGNOS, MSAS)
« 0.6m CDGPS (Canada, USA, Mexico)
« 0.6m OmniStar (vBS2 subscription)

Multi-sensor capability and
VLF-EM Option for advanced
surveys

Picket and line marking /
annotation for capturing
related surveying
information on-the-go

And all of these
technologies come
complete with the most
attractive savings and
warranty in the business!

Our World is Magnetic.

Overhauser %,

(7
(o)
Magnetometer GSM-19 / Gradiometer GSM-19G ]

Walking Magnetometer GSM-19W / Gradiometer GSM-19GW 0

<

Overhauser
Magnetometer

Overhauser (GSM-19W) Walking Magnetometer console. Can also be
configured with additional sensor for gradiometer (simultaneous) readings.

The GSM-19 v7.0 Overhauser instrument
is the total field magnetometer /
gradiometer of choice in today's earth
science environment -- representing a
unique blend of physics, data quality,
operational efficiency, system design
and options that clearly differentiate it
from other quantum magnetometers.

With data quality exceeding standard
proton precession and comparable to
costlier optically pumped cesium units,
the GSM-19 is a standard (or emerging
standard) in many fields, including:

« Mineral exploration
(airborne and ground base station)

« Environmental and engineering

« Pipeline mapping

« Unexploded Ordnance Detection

« Archeology

« Magnetic observatory measurements

« Volcanology and earthquake prediction

Taking Advantage of the
Overhauser Effect

Overhauser effect magnetometers are
essentially proton precession devices -
except that they produce an order-of
magnitude greater sensitivity.
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These "supercharged” quantum mag-
netometers also deliver high absolute
accuracy, rapid cycling (up to 5 readings
/ second), and exceptionally low

power consumption.

The Overhauser effect occurs when a
special liquid (with unpaired electrons) is
combined with hydrogen atoms and then
exposed to secondary polarization from a
radio frequency (RF) magnetic field.

The unpaired electrons transfer their
stronger polarization to hydrogen atoms,
thereby generating a strong precession
sighal -- that is ideal for very highsensitivity
total field measurements.

In comparison with proton precession
methods, RF signal generation also keeps
power consumption to an absolute
minimum and eliminates noise (i.e.
generating RF frequencies are well out of
the bandwidth of the precession signal).

In addition, polarization and signal
measurement can occur simultaneously -
which enables faster, sequential
measurements. This, in turn, facilitates
advanced statistical averaging over the
sampling period and/or increased cycling
rates (i.e. sampling speeds).

Please refer to the back of this brochure
for contact information and GSM-19
specifications.



Key System Components

Key components that differentiate the
GSM-19 from other systems on the

market include the sensor and data
acquisition console. Specifications for
components are provided on the right side
of this page.

Sensor Technology

GEM'’s sensors represent a proprietary
innovation that combines advances in
electronics design and quantum
magnetometer chemistry.

Electronically, the detection assembly
includes dual pick-up coils connected in
series opposition to suppress far-source
electrical interference, such as
atmospheric noise. Chemically, the sensor
head houses a proprietary hydrogen-rich

Qur World is

About GEM Advanced Magnetometers

Inc. delivers the world's

s and gradiometers
GPS for accurately positioned

ground, airborne and stationary data
acquisition. The company serves customers
in many fields including mineral exploration,
hydrocarbon exploration, environmental and
engineering, Unexploded Ordnance
Detection, archeology, earthquake hazard

and magnetic observatory research.

Key products include the Proton Precession,

Overhauser and Optically-Pumped
Potassium instruments.

Each system offers unique benefits in terms of

sensitivity, sampling, and
high-quality data. The

cquisition of
ore benefits are

complemented by GPS technologies that

provide metre to sub-metre positioning

With customers in more than 150 countries.

liquid solvent with free electrons (free
radicals) added to increase the signal
intensity under RF polarization.

From a physical perspective, the sensor is
a small size, light-weight assembly that
houses the Overhauser detection system
and fluid. A rugged plastic housing
protects the internal components during
operation and transport.

All sensor components are designed from
carefully screened non-magnetic materials
to assist in maximization of signal-tonoise.
Heading errors are also minimized

by ensuring that there are no magnetic
inclusions or other defects that could
result in variable readings for different
orientations of the sensor.

Optional omni-directional sensors are
available for operating in regions where
the magnetic field is near-horizontal (i.e.
equatorial regions). These sensors
maximize signal strength regardless of
field direction.

Data Acquisition / Console Technology
Console technology comprises an
external keypad / display interface with
internal firmware for frequency counting,
system control and data storage /
retrieval. For operator convenience, the
display provides both monochrome text
as well as real-time profile data with an
easyto-use interactive menu for
performing all survey functions.

The firmware provides the convenience of
upgrades over the Internet via the
GEMLInkW software. The benefit is that
instrumentation can be enhanced with the
latest technology without returning the
system to GEM -- resulting in both timely
implementation of updates and reduced
shipping / servicing costs.

and over a Quarter Century of continuous

technology R&D, GEM is known as the

only geophysical instrument manufacturer

that focuses exclusively on magnetic

technology advancement

ADYANCED MAGNETOMETERS

GEM Systems, Inc.

135 Spy Court Markham, ON Canada L3R 5H6
Phone: 905 752 2202 - Fax: 905 752 2205
Email: info@gemsys.ca « Web: www.gemsys.ca
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Specifications

Performance

Sensitivity: 0.02Z nT / vHz
Resolution: 0.01nT
Absolute Accuracy: +/-01nT
Range: 20,000 to 120,000 nT
Gradient Tolerance: < 10,000 nT/m
Samples at: 60+,5,3,2,1,0.5, 0.2 sec

Operating Temperature: -40C to +50C
Operating Modes

Manual: Coordinates, time, date and
reading stored automatically at minimum

3 second interval.

Base Station: Time, date and reading
stored at 1 to 60 second intervals.

Remote Control: Optional remote control
using RS-232 interface.

Input / Output: RS-232 or analog

(optional) output using 6-pin weatherproof
connector with USB adapter.

Storage - (# of Readings)

Mobile: 1,465,623
Base Station: 5,373,951
Gradiometer: 1,240,142
Walking Mag: 2,686,975
Dimensions

Console: 223 x 69 x 240 mm
Sensor: 175 x 75mm diameter cylinder
Weights

Console with Belt: 21kg
Sensor and Staff Assembly: 1.0 kg

Standard Components

GSM-19 console, GEMLIinkW software,
batteries, harness, charger, sensor with
cable, RS-232 cable and USB adapter,
staff, instruction manual and

shipping case.

Optional VLF-EM

Frequency Range: Up to 3 stations between 15
to 30.0 kHz. Parameters: Vertical in-phase and
out-of-phase components as % of total field. 2
components of horizontal field amplitude and
total field strength in pT.

Resolution: 0.1% of total field
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7.5 g+ R ¥ WE

(1) & = Bl(topography map)

(2) #wsm A #F El(survey lines map)

(3) 2# 4 B ¥ Bl(Total Magnetic Intensity map, TMI map)
(4) SiFt#y s 2 B(TMI-RTP map)
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TOPOGRAPHY
SURVEY SPECIFICATIONS

NAME OF SURVEY Yilan, Taiwan
SURVEY COMPANY Industrial Technology Research Institute
SURVEY DATE July. 19-Oct.19, 2013
JOB NUMBER C455SH2100
AIRCRAFT MBB/Kawasaki BK117
AIRCRAFT REGISTRATION B-77099
FLIGHT LINE SPACING

Tranverse lines 500 m

Tie lines 5000 m

FLIGHT LINE DIRECTION
Tranverse lines
Tie lines

NORMAL TERRAIN CLEARANCE

SURVEY EQUIPMENT

150-330 degrees
060-240 degrees

600 m

MAGNETICS
Magnetometer GEM GSMP-35GA Potassium Vapour
Installation towed bird
Resolution 0.0001 nT
Sample rate 10 Hz
Sample interval 6m
RADAR ALTIMETER
Instrument FreeFlight RA-3500
Sample rate 10 Hz
DATA ACQUISITION SYSTEM GEM Data Acquisition System
GPS SYSTEM GPS SYSTEM
Update rate 01s
NAVIGATION Holux M-1000C GPS
MAP PRESENTATION
DATUM GRS1980
PROJECTION TWD97
GRID CELL SIZE 100 m
HISTOGRAM STRETCH Equalised
ILLUMINATION North East

TAIWAN BOUNDARY ANNOTATION ON MAP

BT | TN [ [ )
03716 62126 219 314 432 552 707 901 1143 1564 2516

ELEVATION (m)

Scale 1:330000
10000 0 10000 20000
e ——
metres
GRS 1980/ TWD97
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] = —— — . . — TOTAL MAGNETIC INTENSITY
N SURVEY SPECIFICATIONS
13 NAME OF SURVEY Yilan, Taiwan
@ SURVEY COMPANY Industrial Technology Research Institute
SURVEY DATE July. 19-0Oct.19, 2013
JOB NUMBER C4558H2100
7 AIRCRAFT MBB/Kawasaki BK117
n  AIRCRAFT REGISTRATION B-77099
_19  FLIGHT LINE SPACING
2 Tranverse lines 500 m
i Tie lines 5000 m
FLIGHT LINE DIRECTION
Tranverse lines 150-330 degrees
a Tie lines 060-240 degrees
Y  NORMAL TERRAIN CLEARANCE 600 m
[6)]
. SURVEY EQUIPMENT
MAGNETICS
Magnetometer GEM GSMP-35GA Potassium Vapour
10 Installation towed bird
% Resolution 0.0001 nT
P Sample rate 10 Hz
- Sample interval 6m
RADAR ALTIMETER
Instrument FreeFlight RA-3500
Sample rate 10 Hz
N DATA ACQUISITION SYSTEM GEM Data Acquisition System
— 2 GPSSYSTEM GPS SYSTEM
a Update rate 0.1s
NAVIGATION Holux M-1000C GPS
MAP PRESENTATION
14X patUm GRS1980
85 PROJECTION TWD97
GRID CELL SIZE 100 m
HISTOGRAM STRETCH Equalised
ILLUMINATION North East
N
— 3 TAIWAN BOUNDARY ANNOTATION ON MAP
a
PROCESSING - MAGNETICS
Spike removal applied.
) Diurnal correction applied.
% IGRF correction applied (IGRF model 2010 extrapolated to Oct. 2013),
418 base value of 45033.49 nT used.
- Heading correction applied.
Lag correction applied.
Simple leveling applied.
Microlevelling applied.
b Directional cosine applied.
—§  Crid filter applied.
- Ja
— [ [ T |
'x il ™ 44954 45013 45031 45042 45050 45060 45074 45087
e & NSk - TMI (nT)
§ BB RS EN
_ I = S ks 7\ - — S
) L ——_ Q Scale 1:330000 A
B | | | 1 = | ]\' | | | | | - 10000 0 10000 20000
. ? 7 7 : ? ' ? e —
290000 300000 310000 320000 330000 340000 350000 360000 370000 metres

GRS 1980/ TWD97
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TOTAL MAGNETIC INTENSITY - RTP

SURVEY SPECIFICATIONS

NAME OF SURVEY Yilan, Taiwan
SURVEY COMPANY Industrial Technology Research Institute
SURVEY DATE July. 19-Oct.19, 2013
JOB NUMBER C455SH2100
AIRCRAFT MBB/Kawasaki BK117
AIRCRAFT REGISTRATION B-77099
FLIGHT LINE SPACING

Tranverse lines 500 m

Tie lines 5000 m

FLIGHT LINE DIRECTION
Tranverse lines 150-330 degrees
Tie lines 060-240 degrees
NORMAL TERRAIN CLEARANCE 600 m

SURVEY EQUIPMENT

MAGNETICS
Magnetometer GEM GSMP-35GA Potassium Vapour
Installation towed bird
Resolution 0.0001 nT
Sample rate 10 Hz
Sample interval 6m
RADAR ALTIMETER
Instrument FreeFlight RA-3500
Sample rate 10 Hz
DATA ACQUISITION SYSTEM GEM Data Acquisition System
GPS SYSTEM GPS SYSTEM
Update rate 0.1s
NAVIGATION Holux M-1000C GPS
MAP PRESENTATION
DATUM GRS1980
PROJECTION TWD97
GRID CELL SIZE 100 m
HISTOGRAM STRETCH Equalised
ILLUMINATION North East
TAIWAN BOUNDARY ANNOTATION ON MAP
PROCESSING - MAGNETICS
Reduction to the pole (RTP) applied.
[ [ TN
44954 45013 45031 45042 45050 45060 45074 45087
TMI-RTP (nT)
Scale 1:330000
10000 0 10000 20000 INTT
e e e T ——
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