A floating transient electromagnetic system to acquire dense data on volcanic lakes
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I. Introduction I11. Original FloatTEM system for shallow imaging V. Modeling study of a deep conductor below Furnas lake
Often geophysical surveys leave out water covered areas due to inaccessibility, leading to a ™ —_— : * Transient EM: — current switch-off in T O L s S
lack of resolution in derived subsurface images and consequently leading to interpretation B o - (ransmitter — diffusion of EM fields in e 3 N =l o~ =] 1D modeling study with and without conductive layer
uncertainty. For measurements on volcanic lakes a floating transient electromagnetic sys- Wt A0 . | s subsurface with time — record secondary loke HyO; p=620m | 4 is1 St B -~ - ] (C3)at 500 m depth
tem (FloatTEM) was developed. The FloatTEM system was successtully used to image the 22,, | magnetic field (transient) in receiver coil. 0 mmmmmmeemeeee L 3w N P B eassume the 1D model in Fig. 5(a)
hydrothermal system and COZ2 outgassing areas of the Furnas volcanic lake on the Azores =" == .outer 18 m x 18 m square frame holds : | 5007 ~{ethe secondary magnetic field in the center of a large
islands down to 180 m depth [1,3]. Recent Audio-magnetotelluric (AMT) geophysical data i .| transmitter cable, inner 6 m x 6 m frame € £ \ | 3100 | | | | transmitter loop (TxL, location S1) indicates a strong
revealed a conductor in 500m depth which is interpreted as related to hot fluids near the holds receiver cable 0 .--CT--*’-"'-‘-’“‘---TE"-"-"“-’“G'S-- o NN response stronger than the measured Furnas noise level (cf.
boiling point [2]. However, as no data was measured on the lake directly, the spatial di- AT * built of conventional plastic drain pipes - 1 Fig. 5(b))
mension of the conductor (C3) is not known precisely. Due to the latter and due to the lim- T sccondary ® Stable frame using several tow ropes and o) [ 1" g ~\'\-the response outside the loop for location S3 is also strong
ited depth resolution of the current FloatTEM system, we propose a modified TEM setup AT ;peellgnetic tensions belts; fenders and floats used for O e HI}S; —te B N Tt 10 /10 —o ¢ enough to detect the conductor C3 (ct. Fig. 5(c))
to image the Fu.rnas Volcani(; system..The n.lodifie.d system combines large fixec'! loop TEM =TS sufﬂcient buoyancy . Fig. 5: (a) 1D model derived from AMT and FloatTEM results with and without C3 (b) secondary magnetic | |
and grounded dipole transmitter configurations with floating and anchored receivers. Mod- CmAla Bince  continuously pulled by boat containing field in the center of the loop TxL (c) electric field at 1000 m offset for a dipole TXL-1 — the large loop setup is well suitable to detect the depth
eling studies show that the proposed configuration is capable of resolving the deep conduc- Soke Jnes the TEM logger system (speed v=0.2 m/s) xy-view, 2D FD grid + U, receivers xy-slize, z = 550 m, U, receivers """ 5,;;'8'13;:;5;":'@33; """ o of the conductor C3
tor. The original floating and modified semi-tloating TEM system, are a new approach to Fig. 2: FloatTEM system with tube frame and boat and ~ — fast and dense data RREREE [ SR o T st
look “into the depth of a volcano”. the diffusion pattern of the signal in the subsurface e anchored measurements — improve S/N oo ooy oone 1009 —eﬁ‘ﬂ'ﬁm

"o — > L ‘ 3D modeling study with spatially continuous and

o o go ° ° ~ O [-[-]SagltiR - -k of .
I1. Furnas volcanic lake - AMT and FloatTEM result IV. Modified FloatTEM — imaging deep conductor QERRR e, Bkl 3 R nterrupted conductor €3 .
SR e assume the TEM setup in Fig. 6(a) with a large loop (TxL)

fumarcles 3 25l ° 3D AMT results [2]: good conductor in 500 m depth (C3) Ty | . 1000 1l ~1000p and multiple receivers at the surface (black dots). The 3D
' e s «f - We propose a modified FloatTEM system 1gop s 1500 | model is displayed as xy- and yz-slices in Fig. 6(b,c)
and shallow conductor C1 near the fumaroles; Interpreted : o ) 2 1500-1000 500 ~500 0 500 play y y g. ,C).
as related to hot fluids near the boiling point; very | . combining large sources and multi- A  the received secondary magnetic field at the surface is
consistent image but no data on Furnas lake , receiver sites in order to investigate the o 1o ‘ symmetric for an early transient recording time t=1e-4 s.
§ « FloatTEM results [3]: very dense data set around spatial extent of the deep hydrothermal s 1000 At later times the secondary magnetic field distribution
fumaroles (500 soundings) system (conductor C3) below lake Furnas oL 500 becomes very asymmetric with respect to the transmitter
S
* shallow conductor near the fumaroles (CT) . 0 . loop
» CT extends below the Furnas lake (CT) ~—  Modified FloatTEM receiver system ~500 ~500 » the relative difference of the received signal at the surface
— structure not present in AMT results — * depth of exploration ~ 1000 m ~1000 ~1000 With and without cqntinuous conductor C3 in Fig. 6(h,i,j)
» very good correlation with CO2 outgassing maps [3] s o fixed large loop and dipole transmitters 5150 e = ; is larger than the typlcz.ﬂ error floor for secondary magnetic
— shallow hydr()thermal system is well jmaged ) ‘ e J;; \ arounclfl lake f - . 1500 1500 . f;@ld transients at late tlénils. e diff h
e deep structure below Furnas lake uncertain, due to * use FloatTEM rame as mobile receiver ool ons the response curves and the relative ditferences are shown
lack of AMT data on lake TEML3 underwater - fribod L tube frame with 3G Rx with 3-component induction coil receivers in Fig. 7(a — b) for two locations, S1 and S3. We can

e Fig. 1: (a) Furnas lake area with AMT soundings and FloatTEM profile. -\ (Ux,Uy,Uz) in water-proof pressure cases . 200 clearly distinguish the situation with continuous C3,
(b) | ‘615 646 vﬁuearsting‘(km) o oo (b;g 3D AMT model depth slice at z= 555 m (c) %D AMT slice forpprofﬂe T - mOl.H.ltEd on inngr tu.be frame; = ° ’ interrupted C3.and Complete removal ot C3. . .

s N P1]2] (de) FloatTEM xy-slices through 3D image and (f) CO2 flux o lastic » additional electric field receivers (Ex, Ey) %0 50  the asymmetric behavior of the response in Fig. 7(b)
EO _ | rmacies | image [3] (g) FloatTEM result for profile T1 [1]. tube square mounted along tube frame ~1000}S3 : - I ~1000 I ~1000 indicates that the proposed setup can resolve the spatial
‘;OO- -~ o | 1 ot s ogger system & e . GPS.a.t.frame corners — fast/dense data h)-1500 o ? o 5 @)_1500 —. ? o _1oj)—1500 =TT ? - shape of C3 below lake Furnas

: B o Uzreceiver cable with 40 turns vaU151t10n . Fi 6: 3D f 1 | TxL R d ltipl 1 d b ) _ d -sli ith .

10 i inside outer frame e additional  underwater tripods  for ig. 6: (a) 3D survey setup for a large loop TxL and multiple receivers as dots (b,c) xy- and yz-slice with —_, tha gpatia] geometry of the conductor at 500 m depth
15001 | o ressura case wiffi TEW:A induction h . : conductor C3 interrupted below the lake (d,e,f) xy-slice of the received secondary magnetic field for three be d d with th
| B i gng ored Soundlr(l:_lgls - lmpl‘.()\{ed.g/ 1\113 transient times (h,i,j) relative difference of secondary magnetic field to response with a continuous C3. can be detected with the setup
1 electric field cable & water electrodes ® - OperatOrS dll Ogger llnlt 1nsidae Oat 0002 2 T _ T ! - - P N i
7 1 AMT -0 — n lectric fisld cable & water electrod : o L— Tz = 9002 m?,Upa., of fset = 0 m L Tz =900 m?,Upa.,of fset = —1000 m response Upa for three transient times alongSD‘Iproﬁlc . . . .
(c)? P /1000 2000 7z / m 4000\’\4 Andrade, 2016 ght _Y | 5] GPSateach outer frame corner *second boat for taxi and stabilizing : oot — a 1D interpretation of such distorted 3D data is not
- (f) © | second boat for anchoring/stabilizing  gy/gteqm) adequate and would lead to wrong subsurface models.

Fig. 3: (a) modified FloatTEM system with tube frame
and boat. (b) underwater tripod (c) 3C-Uz-receiver.
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And consequently to mis-interpretations. Therefore, a
3D interpretation is required

Survey design and procedure

. . N T 1 11 ) 1D respone. o arget C3 .
= A) install large loop transmitter (TxL) 0 I e it e 3 | o) 3D v "L’fflé 55,931000 s : ] ;
S el U - PPt EO N : : =) 3D respomse a0y N 10 [l-s24) 3D reponse st x—0 i y—p1000w] e P 1 Fig. 7: (a) received signal for sounding location S1 for a continuous and
il g .. B) move FloatTEM frame with receiver 10°* 107 107 10” 10 107 i © 0 e N 9" 7 .

500 400 200 0 200 400 500 3 b : Iv al id BR824 AL o .20 1 e SR : — . interrupted conductor C3 and for a complete removal of C3 (b) similar as
) ) X / H_l OaF Fontmuous y along gr,l = 2 ] a) for sounding S3 + response for sounding location S2 (c)response
C) additional anchored soundings B e DETTh e g < plotted for three transient times and all receiver location along the dotted

1 15 0 / Om 2 DB 3 R deploy underwater tl‘ipOdS . _100-—.re1,c§1ff.1§_f4s>lan,c1 g e i ) wp——L—— . 3 linein Fig. 6 (d —j). The relative difference is plotted in the lower panel.
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— anchor floatTEM
— improved S/N

MO s D) open large loop use 1 km dipole (TxL) V1. Conclusion & Outlook
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