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ARBSTRALT

The Idand of Lanzarote, in the Canarian Archipelage, placed near the
western alrican const of Mornco has a voleanie origin, ke all Canary istands. The
Jast eruptions in the island have taken place in the XV and XIX centuries, A very
important eruption has oourred between 1730 and 1736, which is one of the most
prolonged voleanic manifestation that we Have information about, It has caused
jmportant changes in the topography of the istand, affecting almost 25% of its
surface. As a conscquence of this eruption, possibly due to a remaining superficial
magma, there is a zone of strong geotermic anomalies, Thus, in the Natignal
Voleanic Park of Timanfaya can be measured now temperatures of 60 C order,
only a few meters depht, Island’s crust defermincd by gravity investigations as well
as through scismic profiles, it is of 14 km order. .

Since: 1987, the eollaboeation botween the TAG (the Instliute of Astronomy
and Geodesy) and the Royal Observatory of Belgium (ROB) allows gravity tides
ohservations in three different points of the island. Two of them, Creva de Jos
Verdes and Jameos def Agea, al the notthern part. The third one i is placed at the
Park of Tinerdaya, just over the anomalics mentioned above. Ta the prosent paper
we dieal with the results which can be relatcd with the crustal structure, geotermic
anomalies, ocoan offects, elc.

INTRODUCTION

As a comseqoenee of the collaboration supporicd by the TAG of Madrid and the ROB of
Brusels, the gravimeter Le&R n¥ 336, with feedback syslony incorporatid, romaing at Lanzarote
(Canary Islands) since March 199 (see ligure 1), recording gravity variations permanently,
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Figure 1.

During more than three years, the instrument hiss been placed o three different Incations of
the island. Since the hegining of the expericnce, wotil February of 1991, the gravimeter stayed at (he
geadynamie station of Cueva de los Verdes {Tigure 2 (Vicira of of, 12912 ) working b prerailc! wath the
Le&R n® 434 gravimeter, that since 1987 it is recording gravity tides al the same place. Later, rom
February 1991 (o Scpicmber 1992 it was installed at Casa de fos Volcanes, ~ 1 km from the first place,
i direction to the sea, and noe more flan 100 m {rom the actual coast line. 1n Febraary of the present
vear, the gravimeter has been moved o National Park of Timanfaya station, ri:mrding, practically over
the vertical of the most important geotermic anomaly of the island (dose 10 YT Cat ~ H m depih),
originated by the cruption cecurred hetween 1730 and 1736, This crepiion has ereated the National
Park and changed almost 259, of the island’s topography {(dsafa o1 al, 1978). The station of Timanfava
has the important characieristic that atl the scrsors instafied {bere are supplyed by solar energy.

Scientific objectives of the geodynamic investigations developed by the 186G at Lamearste, in
collaboration with nnlzt}zcr nations] and international conters (Fieira of al, 1991a), are mnltiplic but thoy
arc mainly related to the activities of the Working Group “Tidal Measurements and Geodynamic
Rescarch”, crcated in 1989 inside the Permane? Commision on Earth Tides

’Fak%zzg inte aceount the special characteristics of Larzarste Island, we are trying $o study the
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&
spaial and temporary variations of tidal parameters, in relation with the structore of the crost, heat
fiow, oceanic and atesospheric effects, seismic and volcanic gtlivity' ere,. I means, Ginally, a big
investigation program which results will produce wherens observation and modelization of different
effects and software devefopment, neccssary for the analysis, go ahead.
- T this initial work we present only the first results of the Earth tide analysis at lhe thres
stations mmiazmaek aswellas a f‘ s cvaboation of ii;e occanic effects over themselves,

OCEANIC EFFECY COMP{?TAT}O&

+

To compute the oceanic effect it has been used the program EHY developed by € de Toro
at the TAG, as well as the Schwiderski’s global charts complemented with the local charls that we

named CANARIAS, This chart has been obtained by means empirical tidal data {(Vicira et af, 7921b). -

" In this first work we will restrict 1o the matn semidiurnal component M, (figure 3),
" The main interest il is to know the Cueva de los Verdes and Casa de los Volcanes stations.
Both are placed at the voleanic tube otiginated a few thounsand years ago during the eruption of Lg
Corona voleano. Such a tubz, zhout 8 km lenght siarts, in s first 6 km, unjuder the malpais’s surface,
greated in the cruption and catched to the ocean, and follows at fesst 2 km inside the sca. Free and
high porosity lava materisk configure the malpais and alfows the ;}emsrétim under the sea and
possibly covers until the okl coast ling, more inncr than the poodynamic Station. With these

characteristics, to-model the occanic effect it is too difficull because it is pecessary to know the -

dwmamic of the water table under the malpais. Such a dynumic consists of to continue with the phase
lags and sttenuation of the tidal period. This research it is going forward beeause, acloally, we have
installed several tidal gaupes at the coast Yinc and i three points, inside the lava whe whete it runs
under the sea level. Tn these points there exist sall lakes with a measurshie tidal period. Siudying
amplitudes and phase lags of the ocean tide in these points, will allow us (o stedy the supplementary
occanic offect, not considerated in this first work.

The ocrante cffeet computation according to the actual coast line geomelry, it is shown in
fable 1.

ANALYSIS OF THE GRAVIMETRIC STATIONS

Tables 2, 3 and 4 show the améyqi{' of the ohserved stations, We have used the classic 1CET

program 2z well as a provicional gravimetric factor given hy Van Ruymbcim, according to the last
obscrvations done with (his instrument in Brussels.

In talde & there 5 a summary for the values of the ‘i’fi‘iﬁﬁ {B, 8} and {1, 1}, Furthcrmore,
the final residie (X, x ) and itx cosinus and simus components are incloded,
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INDIRECT OCEANIC EFFEC ON THE M2 COMPONENT. TIDAL GRAVITY.

ZONE: LANZARGTE. CANARY ISLANDS. .
OCEAN TIDE MODEL: NSWC (SCHWIDERSKI) + CANARIAS M2
' NUMBER OF POLYGONS: Total 41741  Local chart 567
ELIMINATED 62 POLYGONS OF THE GLOBAL CHART
LOCAL CHARTS LIMITS: 31° < ¢ « 38  -20° < & ¢ -16°
4 25° < g < 31° 20" <A< - 6°
EARTH MODEL: OCEANIC CRUST AND MANTLE ON GUTEMBERG-BULLEN NUCLEUS
MASS CONSERVATION CORRECTION PROPORTIONAL TO THE TIDAL AMPLITUDE

STATEON 0421 CUEVA DE LOS VERDES
Lat.: 20° 09" 37" N Long.: 13° 26° 28" W
Alt.: 60 m Dist, to the Coast; 1,000 km

INDIRECT OCEANIC EFFECT L A

NEWTONIAN ATTRACTION 2,108  163.898
LOAD 5.800  165.942
TOTAL 7,907  165.397

STATION 0422 GASA DE LOS VOLCANES
tat.: 29° 09 17" N Long.: 13° 25 43 W

ALt : T m Dist. to the Coast: 0,050 km
INDHRECT OCEANIC EFFECT L A
NEWTONIAN ATTRACTION 1.809 -162f 892
L.OAD o 8,422  167.887
TOTAL 10. 224 166.934 |

STATION 0423 TIMANFAYA
Lat.: 28% 59" 54" N  Long.: 13° 44" 30" W
Alt.: 370 m Dlst, to the Coast: 6.000 km

INDIHECT OCEAN]IC EFFECT L a

NEWTONIAN ATTRACTION 3,460  169.189

LOAD , ' 5.716 167,680

TOTAL . 9.176  168.249
Tatnle §
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STATION:  CUEVA DE LOS VERDES. LANZAROTE. SPAIN
29 09 N 13 26 W H 060 M P 40 D 1 ¥H

VERTICAL COMPONENT

CINSTITUTO DE ASTRONOMIA Y CEODESIA (CSIC-LCM).
FACULTAL DE CIENCIAS MATEMATICAS. 28040, MADRID

ORAVIMETER: icR 6 3136 (M-0}

REGISTER: LINSELS

INSTALLATION: M. VaN RUYMBEKE, W. D’OREYE

CALIBRATTION: OBSERVATOIRE ROYAL DE BELGIQUE, FUND&HENTAL $TAT§0N

LEAST SCGUARE ANALYS]IS/VENREDIKOV FILTERS OH 48 HOURS

PROGRAMMING B .DUCARME )

POTENTIAL CARTWRIGHT-TAYLER-EDDER/COMPLETE DEVELOPHENT

COMPUTING CENTER: INSTITUTO DE ASTRONOMIA Y GEODESIA (CSIC-UCM),

INERTIAL CORRECTION PROPORTIONAL TO THE SQUARE OF ANGULAR SPEEDS . .
NORMALISATION FACTOR: .98653

G336 90 414790 420 90 425790 S17 90 521790 523 90 526790 528 §0 § 3790 619

G336 90 623790 7 7 90 712790 714 90 71A790 722 90 726790 726 90 729790 B1Z
G336 90 817/90 829 90 9 1,90 925 90 929/9010 9 9010137901021 90102979012 4
G336 9012 77901229 91 1 5/91 129 91 2 379) 217 91 221791 221

TIME INTERVAL  315.0 DAYS 6480 READINGS 19 BLOKS EFFICIENCY .85
WAVE GROUP SSTIMATED AMPL. AMPL. PHASE RESIDUE
ARGUMENT N WAVE E.M.S. FACTOR R.M.5. DIFF. R.M.5. AMPL. PHASE
133,-136. 20 g1 5.93 .05 1.1725 .0095 , -1.768 46k 1% 711
- 143.-145. 16 D1 30,56 .05 1.1571 0018 -1.654 087 BB .94 7
152.-155. 1% Hol 2.49 06  1.1974 0311 -1.413  1.a87 A0 37,8
161,-163, 10 PL 13.95 .05 1.1345 0847 -.18% J211 24 -169.3
166.-168. 23 S1B1 &1 .81 .05  1.1253 0013 384 066 (84 148§
175.-177. 14 J1 2.40 .05  1.1570° .0219 .721 1,083 .03 107.0
184.-186. 11 00l 1.33 .04 1.1648 0348 -.1%8 1.715 Or -44.1
233.-23A. 20 22 1.73 .02 L9887 .0129 -2.603 .Fh4 JA1 -165.4
25%, 248 . 24 N2 11.06 .03 1.0089 0027 284 152 1.66 178.1
752, -258. 26 MP 58,41 .03 1.0205 0006 1.920 .G31 8.26 166.3
265..265. 9 L2 1.66 .04  1.0743 0223 4,777 1.1%7 .26 148.5
267.-273. 9 82 27.42 .03 1.0295 .0OL2 2.959 L 06% 3,79 138.1-
274.-277. 12 X2 7.63 .0}  1.0540 0036 3,255 195 .89 151.0
127.-375. 17 M3 1.06 .02 1.0813 .0181 396 958 .02 28.1
STANDARD DEVIATION V]

2.59 8D 1.5%77 D V87 MICROGAL
QUALITY FACTORS : Ql= 8.5 qz— 22.3

01/€1 1.0282  1-Ol71-K1 1.2535 M2/01  .BB19

CENTRAL EPOCH TJJ= 7448152.0 .

Table 2, Harmenic analysls on {ueva de los Vardes statlion.
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. BTATION: CASA DE 108 VOLCARES., LANZAROTE. SPAIN.
VERTICAL COMPONENT

INSFITUTO DE ASTRONGHMIA Y CEOBESIA {CSIC-UCH)
FACULTAD BE CIENCIAS HATEMATICAS. 28§&§ HADRID

GRAVIMETER LR 0338 (H-3)

REGISTER: LINSEIS + D.Aa.8. - O.R.B.

CALLIBRATION: OBSERVATOIRE ROYAL PE BELGIQUE. mﬁnng’mz STATION.
INSTALLATION: M. VAN RUYMBEKE, N. D'OREYE,

LEAST SQUARE ANALYSIS / VENEDIXOV FILTERS ON 48 HOURS / PROGEAMMING B DUCARME
POTENTIAL CARTWRIGHT-TAYLER.EDDEN / COMPLETE DEVEZLOPMENT

COMPUTING CENTER: INSTITUTO DE ASTRONOMIA Y GEODESIA (0SIC-UCH). MADRID.
INERTIAL CORRECTION PROPORTIONAL TO THE SQUARE OF ANGULAR SPEEDS
NORMALISATION FACTOR 98653

G336 91 226791 3 6 91 3 9791 321 91 32491 419 91 424791 430 9) § 3791 529
G136 91 6 1791 & ? 9f 612791 622 91 628791 710 91 716,91 829 91 8 2791 a1z
G136 S 915791 913 92 213792 217 92 220792 3 1L 97 3 6792 317 97 315797 424
6146 69 428797 £27 93 630,97 B17 92 820,97 8246 92 G 1,92 9 & 92 BlEs92 922

TIME INTERVAL 576.5 DAYS 9264 READINGS 20 BLOKS EFFICIENCY .87
YAVE GROUP ESTIMATED AMPL..  AMPL, PHASE RESIDUE
-ARGUMENT ¥ WAVE B.M.5. FACTOR R.H.5. DIFF. ) R.M.S. AMPL. PHASE
133.-136. 20 Q1 6.07 .07 1.2009 .0137 -2.509 652 W33 -52.6
T 143.-143. 16 01 30.05 07 1,1379 .0027 -2.080 133 1.24 -118.3
152.-133. 1% W1 Z2.38 .07 1.1459 0326 «3.728  1.631 .16 -101.5
161.-163. 1o P1 13,48 07 1.0970¢ 0059 -1.055 308 LA 21604
164.-168 .- 231 SIKL  40.54 07 1.091s 0018 .i92 057 .73 1731
175,177, 14 21 .35 07 1.1288 0317 1.312 L 608 A9 141,08
184, -186. 11 001 - 1.38 .06 1,2151 .0549 -2.134 2.587 A8 -40 01
23%,.23a, 20 ZNZ .58 .43 L9051 .40195 -4 877 1.23¢ a7 -163.4
243,248, 34 W2 16,13 04 L3239 0038 1.5049 L235 2.61 17401
232.-258, 26 M2 5430 .04 L3487 Q007 4,381 4% 1294 161.3
265,265, -9 L2 141 .05 .8714 0378 1.84% Z2.144 AT 17402
267,273, 9 82 2616 .04 L9821 0016 5,354 894 5.43 1532
274.,-277. 12'R2 7.30 .6& 1.007> 0036 5,732 14 1.3% 147.4
o327 3750 17 W3 1.08 .03 1.1616 02753 1.934 1.419 G5 478

. STANDARD DEVIATION D 4. 29 3o 2.56 ™ 1.60 MICROGAL

QUALLTY FACTORS : Ql- 4.0 (2= 12.2
OL/KL 1.0426 1-01/1-K1 1.5088 M2/01 8337
CENTRAL EPOCH TJJ= 2448601.0 '

Table 3. Harmonic analysis on Casa de los Voleanes statlion.
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STATION: ?ARQGE NAL. DE TIMANFAYA. LARZAROTE. SPATR
2% 01 R 13 50 % H 340 M P 03 B 6 KM

VERTICAL COMPONENT

JESTITUTC DE ASTRONOMIA ¥ GEGDESTA {€SIC-UGM)
FACULTAD DE CLENCIAS MATEMATICAS. 28040, MADRID

CRAVIMETER: LeR € 336 (H-0)

REGISTER! B.A.S. - R.O.B, {TOSHIBA T-160 COMPUTER}
INSTALLATION: R. VIEIRA, .J. ARNOSO
HANTENANCE: (3, HERNANDEZ

© LEAST SQUARE ANALYSIS / VENEDIKOV FILTERS OR 4B HOURS / PROCRAMMING B.DUCARME
POTENTIAL CARTWRIGHT-TAYLER-EDDEN 7/ COMPLETE DEVELOPHENT
COMPUTING CENTER: INSTITUTO DE ASTRONOMIA Y GEODESIA {CSIC-UCH), HADRID,
INERTIAL CORRECTION PROPCRTIONAL TO THE SQUARE OF ANGULAR SPEEDS
NORMALISATION FACTOR LBBE5T

G336 93 2 7/93 313 93 320/93 411 93 416793 418
G336 93 421/93 5 3 935 7/93 59 93 514/93 518

TIME INTERVAL  101.5 DAYS 2112 READINGS 6 BLOKS  EFFICIENCY .87
WAVE GROUP  ESTIMATED AMPL.  AMPL. PRASE - RESIDUE .
ARGUMENT N WAVE R.M.S. FACTOR R.M.S. DIFF. R.M.S. AMPL. PHASE
133.-136, 20 Q1 6.25 .11 1.2405 -.0223  .3.171 1.017 .53 . -40.9
143..145. 16 01 3035 .10 1.1s24 0038 -1.335  .192 .73 -105.1
152.-155. 15 Kol  2.56 .07 1.2364 .0350  -1.390 1.637 .17 -21.2
161.-153. 10 1 13175 09 111218 0076  4.83  .393 1124 11017
164.-168. 23 S1K1. 51.07 .09 1.1074 .0026  -.3g2  .133  1.15 -166.3
175.-177. 1& 11 2.3 (11 ° 1.1113 (0527  -.822 2.715 .11 -162.4
184.-186. 11001 133 109 1.1727 .0828  5.537 - 4.050 .13 . 86.7
233.-23A, 20 22 1.78 .03 1.0118 .0156  -6.394 872 .34 -143.9
243..248. 24 N2 1088 04  .9896 0035  -.3721  .202  1.87 -178.1
252.-258. 26 M2 57.81 .04 1.0072 .0007  2.277 .04l  9.12 165.4
265.-265. 9 12 1,73 .06 1.0640 .0367  -4.822 2.125 .22 -137.9 .
267.-273. 9 52  26.87 .05 1.0061 .0018  3.321 .103  4.44 1595
274.-277. 12 K2 7061 (05 110482 0073  3.043 (396 .92 153.9
327..375. 17 13 1.05 .03 1.0674 0335 B46  1.798 .02 90.2
STANDARD DEVIATION D  2.15  SD  1.18  °Tp .99 MICROGAL

QUALITY FACTORS : Ql= 10,9 Q2= 13.3
01/K1 1.0406 1-01/1-K1 1.4184 M2/01  .B740
CERTRAL EPOCH TJJ- 2445076.0

Table 4, Rarmonic analysis on Park of Timanfaya station.



B £ L A X x Xeosy Kuhery

cuBvaverpus | 226 166.3 782 1653 I 1745 AL481 LR
C. VINLCANTS 127 HAES 1022 1664 27 1817 AT |

TIMANFAYA 9.2 854 9.57 ez .43 w4 0151 0Aa3

B(B,B)=A R
A: {A, o) Observed vector corrcspunding 10 the sime component
R: (R, ) Gravity vaniation vector for one specific tidal component .
L {L, 3% Calculsied vector representing the ateseting v laading efeet of the corresponding
aceanic tide

X (A, x): Finad restdoe vector = B- L = A~ R - L.

Tahle 5, Yectors B, L and X computed on the three stations,

CONCLUSIONS

As we moention hefore, results reached until mow mast he considermt provizienatly, That resulis
cven can change, mainly the more anomalaus sl:uin_n‘ Casa de hos Valeanes, while we do nod have g
better cvaluation of the oceanic effect as wcll‘as the deformation, induced by the soean tide, suffered
inside the lava funnel, where the geadynamic station it is placed. Ressults at Timanfaga station hove
been ohtained during the first three moenths of recording and it will be better whea we have a longer
serics, l'hcrcf()rc it is carly 1o do any kind of cvaluation of these ressulls. Mevertheles, it is suitable
mention the good behaviour of the instruments bath the gravimcter, of which sensitivity eomained
constanl during the three years of the experience, and the dota acquisition systems and auxilinry
cquipment, The data acquisition systen: EDAS, developed by Vas Ruymbeke af the Riyul Observitory
of Beleium, taking data cach minute for eiglt channels simubltaneousty had no treuble during the
recarding perind, The power supply used at" Tumanfaya station, by means of sobw panels, has been
completely efficient 1o foed the gravimeter aml even pressure, temperature and hammiddity gages, Solosr

encrgy sapplics also a seismic equipment working al Temanfaya with its own dats aquisition system,
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