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1 S1 1932 HA
2 S2 1975 HC
3 S3 1826 HA
4 S4 1693 HA
5 S5 1400 HC TR
6 S5A 1400 HA M




548 - Y/

5 & & 46 45

E
>
a
5»«
200 T T T T T T T T
E
%o 1
ga
=200 1 ! 1 1 1 1 | L
100 T T T T T T T T
—
& so¢ .
Q
0 W(] 1 I L 1 1 1 1 L
L 10
R
B
4
2 I 1 ! 1 I | |
0 500 1000 1500 2000 2500 3000 3500 4000

4500
t/'s

B 8 SCilled 8 F 5l A B (ulifi S3, 7K 1826 m)

Fig.8 Fragment of the measured time series (station S3, water depth 1826 m)

F1TBL SCH: 5 11 Bl SSMT2000 #5423 47 BB 2,
HOMT SO f& B MTEditor 22 B MT SCHF, % F
SEIRANA S 0B s 5 ke s P IR A T Ak L 6
FHE B A 0 SR T T R i w4 ) EDI
S, B9 SR T 5 Al B AL SRS LS4 il
DI yx R S5 B oy BB B 2240, AR
2 B8 T A e, R 3 6 AIAR & 1000 s A
{18

AW FIS 287 6 WIRIK (1400 ~1975m) il
i, IR 100% , /MR AR BLAS I F RS (ol Js U6 7

FMATEEMAR BIIE 6 WIRAKIARR S5 w4 (il
TR ) s TCRL S, kML, 5 b 7 # AR AR A AL
i, Hor 3 3l (o 00 i 48 B e g, R AL I £ Ty 5
PR B SerE  H 00 5 38 G Y AT SRR 2D e
2804, 2 000 m FKRZEAF T, T UTAERT 60 min, 8 B
A 33 m/min; [ {FFERT 80 min, F{FHE 2N 25 m/
min , HPEFHAS VRS R I DL L S — 2k
L AR A RV ATE] 8 d, B s fa) il A
FEIGSE5E R, B KK R 1975 m, IR K IR S5 440
AT RZL5E

S1 52 S3 S4 S5
10000 =
—_ e ',,
E oo !
- 100 °%e o0 o il
g/n ...:oo:.oi:g'.’° ..::z..“...o .........o“=::::. .,:§:=‘3+i ;' P ot ..0.'0:
= 1:..0 . Ed ':.o .‘.onn""" :.o ":". et °
180 * v
2|
[ 90 % [} 3 o ¢ _| o0 eI
§ Pao, 0000 oo go 00 %00 be 00 00 09 00 00 06 o° L0090 00000 000%000%° % | [ qge0000% 00, oo ol o |1 ®ee -xyﬁ%fﬁ
90 b e . T | o] ey
-180 §® 00 00 09 00 00 % %1 ¢ t +’§9’.".§0“ ® 00 00 00 00 00 o8 00 00 *° “"”h”“ .;' . ..""‘6,.0.n§§'
10 100 1000 10000 10 100 1000 10000 10 100 1000 10000 10 100 1000 10000 10 100 1000 10000
Period/s Period/s Period/s Period/s Period/s
9  FAuhfL MT R R aAEE ih 2
Fig.9 MT sounding raw data curves of five stations
TARTIHER AR B BRI AR, LT RE 5k Y 1
3 Z5ie 600 mW [ % 500 mW ., MUK H IR 5, 5 T

1) /NIl s P, B ML) 75 5, JF

TG 7R 2R AS , A HE MU AR A T R
FEAR
2)2000 m ZIEIK MT PR E T {0 4% 17 7] 5



3 B PR SF : MicrOBEM ; /NG JIC FEL R B2 AL 549 .

M5 FaE ,ﬁﬂyﬁ% B MT ;‘&TEO TR K 8, \EJ{( [5] Worzewski T, Jegen M, Kopp H, et al. Magnetotelluric image of
HTJ- I‘Eﬂ ?ﬂ!']iitﬁ ?#ﬁ_ﬂ;g/ﬁmzo the fluid cycle in the Costa Rican subduction zone [ J]. Nature Ge-
v s e v Nt I science, 2011, 4(2) . 108 —111.
3) MicrOBEM 344 A3 I 146 B3, R 1T 56 8, petence, 2010 12 - |
[6] Key K, Constable S, Liu L, et al. Electrical image of passive
RATBLRE 7 1, S oA R AC T B MT I 2 285 1

mantle upwelling beneath the northern East Pacific Rise [ J]. Na-

fifi 3l H AT MicrOBEM 2L /ML A 7= 20 &, iRk ture, 2013, 495; 499-502.
55 T R E 5T AR T BAR R 55 (7] BRSCHE XB RIS, 4. Fg 1 IS K M L 0 VR B 5
g Bt BAF A EEERRLT Ak [1] SOERYIFEEAR ,2009,52(3) 1740 - 749,

2 20 ol - . e s IS . e g Wei W B, Deng M, Wen Z H, et al. Experimental study of marine
FRFEIRTALAERT (SN &HEUHBER o _ .
magnetotellurics in southern Huanghai[ J]. Chinese Journal of Ge-

sy ANER
2R eI H AR B (2019BTO2HS94) A= A H] BA ophysics, 2009,52(3) , 740-749.
gl f&ﬁ k%lﬁ ( GML20192D0104) 'fi%/g% éﬁ%}b/}(‘ﬂ% EH— , [8] Key K W, Constable S C, Weiss C J. Mapping 3D salt using the

Féh ';ﬁ‘} )" ,Z'E /‘5 +F 5 AN ig)f(‘ A )4 ‘L‘l’ ¥ @m B 2D marine magnetotelluric method; Case study from Gemini Pros-

(2020B1 111520001 ) ﬁﬁéﬁ 7};5 e ;k;};"{dr!,] ;}i*élj i pect, Gulf of Mexico [ J]. Geophysics, 2006, 71(1) : B17 - B27.

;Iu—f ﬁk'}%‘}‘ j__ ) %5’\/3\475,1-)?" ﬁ‘?] i;}% [9] Constable S C. Review paper: Instrumentation for marine magneto-
IR E I S 9} f1=A8 J o

telluric and controlled source electromagnetic sounding [ J]. Geo-

physical Prospecting, 2013, 61. 505 —532.

S % 3Lk ( References) : [10] Quasar Federal System , QMax EM3[ EB/OL].(2010-06) [ 2020

[1] Constable S C. Marine electromagnetic induction studies [ J]. Sur- -09]. http://quasarfs. com/downloads/ QuasarGeo— QMax - EM3 -
veys in Geophysics, 1990, 11(2/3) . 303 —327. Datasheet. pdf

[2] Naif S, Key K, Constable S, et al. Melt-rich channel observed at [11] Ogawa K, Matsuno T, Ichihara H, et al. A new miniaturized mag-
the lithosphere-asthenosphere boundary [ J]. Nature, 2013, 495, netometer system for long-term distributed observation on the sea-
356 —359. floor [ J]. Earth Planets & Space, 2018, 70(1)111-119.

[3] Ichiki M, Baba K, Toh H, et al. An overview of electrical conduc- [12] Chen K, Deng M, Luo X, et al. A micro ocean-bottom E-field re-
tivity structures of the crust and upper mantle beneath the north- ceiver [ J]. Geophysics, 2017, 82(5) : E233 —E241.
western Pacific, the Japanese Islands, and continental East Asia [13] BB, S B B PRk, 25 76 IS mT 28 U5 e 42 WL S K & 9
[J]. Gondwana Research, 2009, 16(3/4) ; 545 - 562. WA B[] BRI A4 ,2017,60( 11) 14262 — 4272.

[4] Johansen S E, Panzner M, Mittet R, et al. Deep electrical imaging Chen K, Jing J E, Zhao Q X, et.al. Ocean bottom EM receiver
of the ultraslow-spreading Mohns Ridge [J]. Nature, 2019, 567: and application for gas-hydrate detection[ J]. Chinese Journal of
379-383. Geophysics, 2017,60( 11) ;4262-4272.

MicrOBEM : a micro-ocean-bottom electromagnetic receiver

LUO Xian-Hu', DENG Ming2 , QIU l\ling3’4 , SUN Zhen™*, WANG Meng2 , JING Jian-En*, CHEN Kai®

(1.Institute of Marine Technology Methods, Guangzhou Marine Geological Survey, Guangzhou 510076, China; 2.School of Geophysics and Information
Technology, China University of Geosciences( Beijing) , Beijing 100083, China; 3.Key Laboratory of Marginal Sea Geology of CAS,, South China Sea In-
stitute of Oceanology, Guangzhou 511458, China ;4. Southern Ocean Science and Engineering Guangdong Laboratory ( Guangzhou) , Nanhai Ocean Insti-
tute , Guangzhou 511458, China)
Abstract: Ocean bottom electromagnetic receivers (OBEMs) are mainly used for high-precision observation and measurement of mag-
netotelluric signals and controlled-source electromagnetic signals at the sea bottom. To overcome the shortcomings of large volume, high
power consumption, and high cost of the existing OBEMs (OBEM-III type) , this study conducted technical research regarding minia-
turization, low power consumption, and low cost. As a result, the overall power consumption of the existing OBEMs ( OBEM-III type)
has been reduced from 1 600 mW to 500 mW or less ( by equipment of inductive magnetic sensors) due to the development of a low-
power control unit and preamplifier, the installation of low-power fluxgate sensors, and adoption of advanced power management tech-
nology. Traditional acoustic releasers are expensive and bulky and require more suitable buoyant materials. By integrating the underwa-
ter acoustic communication module and being equipped with the external erosion wearing release device, the MicrOBEMs make release
and recovery possible using only a 17-inch glass sphere, thus greatly reducing the volume and hardware cost of the instrument and im-
proving the integration and operation efficiency of devices. Compared to the OBEM-II type, the volume, power consumption, and cost
of the newly developed MicrOBEMs are reduced by 3/4, 2/3, and 1/2, respectively. A deep-water geomagnetic test was conducted in
March 2021 in the southern South China Sea, preliminarily verifying the geomagnetic measurement function of the MicrOBEMs and re-
flecting that the MicrOBEMs have the advantages of small size, low power consumption, and low cost.

Key words: marine magnetotelluric; micro ocean bottom electromagnetic receiver; acoustic telemetry modem (AR . TH5)



