
50 32 

GARIMA5 1 
GALAPAGOS RIFT MASSIVE SULFIDES 

~ CRUISE REPORT 

1.3.1985 



PREUSSAG MEERESTECHNIK 

GAR I M A S 1 
l--

GALAPAGOS RIF-T MASSIVE SULPHIDES 

CRUISE 32 OF MS SONNE 

09.05. - 09.07.1984 

CRUISE REPORT 

AUTHORS: 

H. BÄCKER, PREUSSAG 
F. BAYER, PREUSSAG 
D. ERGUNALP, PREUSSAG 
A. WANNINGER, PREUSSAG 
J. POST, PREUSSAG 
D. KEIPKE, PREUSSAG 
B. GREGER, PREUSSAG 
M. WILKE, PREUSSAG 
P.H. TSE, UNIV. HAMBURG 
K.P. EILMES, UNIV. HEIDELBERG 

HANNOVER, 15.1.1985 



CONTENTS 

PAGE 

SUMMARY / ZUSAMMENFASSUNG 

1. INTRODUCTION 1 

2. CRUISE STA TISTICS .3 

.3. AIMS OF GARIMAS 1 14 

4. P ARTICIP ANTS 15 

5. NARRATIVE 18 

6. WORKING AREAS 22 
6.1 De Steiguer Deep Area 22 
6.2 Galapagos Rift 95°02'-94°46'W 22 
6 • .3 Galapagos Ritt 94°46'-900 50'W (Galapagos FZ) 29 
6.4 Galapagos Ritt 90°50' (GR Fracture Zone) - 86°.30'W 29 
6.5 Galapagos Rlft 86°.30'-86°04'W 29 
6.6 Galapagos Rlft 86°04'-85°40'W .30 

7. SHIP AND MAIN SHIPBOARD EQUIPMENT 58 

8. NAVIGATION 61 
8.1 Satellite Navi ga tion 61 
8.2 Atnav Navigation 62 
8 • .3 Bathymetric Navigation 64 
8.4 Buoy Navigation 64 

9. RESEARCH EQUIPMENT 66 
9.1 Echo Sounders 66 
9.1.1 Schelfrandlot (NBES - Narrow Beam Echo Sounder) 66 
9.1.2 Seabeam-System 68 
9.1 • .3 Subbottom Profiler 70 
9.1.4 Deep-Towed Side Scan Sonar 71 
9.2 Oceanographlc Equipment 71 
9.2.1 MultIsonde 71 
9.2.2 Water Sampiers 72 
9.2 • .3 Current Meters 72 
9 • .3 Photo-TV-Sledge 75 
9 • .3.1 General Descrlption 75 
9 • .3.2 Television System 75 
~ • .3 • .3 Photographlc System 75 
9.3.4 T elemetry System 76 
9.4 Electro-Hydraulic TV Grab 79 
9.4.1 Descrlptlon of the Grab System 79 
9.4.2 Operation of the Deep Sea Grab 81 
9.4 • .3 Maintenance 81 
9.4.4 Results and Conclusions 82 
9.4.5 Technical Data 8.3 
9.5 TV Spider Grab 85 
9.6 Dredge 86 
9.7 Reineck Box Corer 86 
9.8 Analytical Equipment 87 
9.9 Computers 87 
9.9.1 VAX-11/750 88 
9.9.2 PDP-LSI-11/2.3-System • 88 
9.10 Damages and Losses 92 



PAGE 

10. LOGISTICS, TRANSPORT, SUPPL Y AND COMMUNICA TlONS 94 

11. PROGRAM PERFORMANCE 95 
11.1 Morphological and Structural Mapplng 95 
11.2 Water Sampling and Physlcal Measurements 96 
11.2.1 Water Sampllng 96 
11.2.2 Multisonde Measurements 96 
11.2.3 Current Measurements 97 
11.3 Visual Seafloor Investigatlons 100 
11.4 Sediment Sampling 103 
11.5 Rock Sampling 103 
11.6 Technlcal Tests 105 
11.7 Sampie Preparation and Analyses 106 
11.7.1 Seawater and Supended Matter 106 
11.7.2 Sediments 106 
11.7.3 Rocks 106 
11.8 Data Collection, Reductlon and Processing 110 
11.8.1 Multisonde 110 
11.8.2 Current Measurements 110 
11.8.3 Sa t ellit e Na vi ga lion 118 
11.8.4 ATNAV-Navigation 118 
11.8.5 Seabeam 118 

12. SOME FIRST RESULTS 121 
12.1 Morpho-Tectonlc Structures 121 
12.2 Volcanlsm 122 
12.3 Hydrothermal Activlty and Products 123 

13. ABBREVlA TlONS 126 

14. STATION LlSTS 128 

PHOTO TABLES 1 - 4 



SUMMARY 

GARIMAS 1 (Galapagos Ritt MassIVe Sulphldes) Is the name of the 32nd research cruise 

of R/V Sonne. The operation started In San Cristobal, Panama, on May 9th and ended 

In Balboa, Panama on July 9th, 1984. The purpose of GARIMAS 1 was the coJlectlon 

of data and material concernlng metallogenesls along the Galapagos Ritt spreadlng 

centre between 85 and 95°W. 

USlng Seabeam, narrow-beam echo sounder and subbottom profiler the position of the 

ritt axls was determlned In order to examine thls zone by vlsual sea floor observations. 

Some more Important sections were charted entlrely. 96 TV profiles and 64 photo stations 

totalling 22,000 photographs allowed the explanation of the morphologlcal structures, 

the estlmate of the relative age, the recognltion of the benthos coverage and the 

discovery of hydrothermally actlve places. 16 multIsonde measurements Includlng 

water sampling and 16 sediment sampling stations uSlng the Reineck corer served 

for the development of geochemlcal exploration methods. 

Durlng 53 dredge stations and 29 stations uslng the newly developed electro-hydrauUc 

TV-grab, about 5 tons of rock could be recovered Including one ton of massive sulphldes 

from two different locatlon. 

ZUSAMMENFASSUNG 

GARIMAS 1 (Galapagos-Rlft, Massivsulfide) war die 32. Forschungsfahrt der "Sonne". 

Sie begann am 09.05.1984 in San Crlstobal, Panama und endete am 09.07.1984 In 

Balboa, Panama • 

. Zweck von GARIMAS 1 war die Sammlung von Daten und Material zur Metallogese entlang 

der Krustenakkretlonszone des Galapagos-Rlfts zwischen 85 und 95°W. 

Mittels Seabeam-, Schelfrandlot- und Sedlmentechograph-Profilen wurde die Lage der 

Achse soweit eingegrenzt, daß gezielte visuelle Bodenbeobachtungen in diesem Bereich 

durchgeführt werden konnten. Besonders wichtige Teilgebiete wurden flächendeckend 

kartiert. 96 Femsehproflle und 64 Fotoserlen mit zusammen 22 000 Aufnahmen ermögUchten 

die Deutung der morphologischen Strukturen, die Abschätzung des relativen Alters, die 

Erkennung der Benthos-Besledelung und die Auffindung von hydrothermal aktiven Be-

reichen. 16 MultIsondenmessungen mit Wasserprobenahmen und 16 Sedimentprobenahmen 

mit dem Kastengreifer dienten der Entwicklung geochemlscher ProspektIonsmethoden. 

Mittels 53 Dredschstatlonen und 29 Stationen mit dem neuen elektrohydraulischen TV-

Greifer wurden etwa 5 t Gestein gefördert, darunter eine Tonne MassivsulfIde von 

zwei Lokationen um 86°W. 
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1. INTROOUCTION 

Cruise SO 32 named GARIMA5 1 (Galapagos Ritt Massive 5ulphldes) Is part of a major 

effort almed at the understandlng of metallogenetlc processes actlve along the Galapagos 

Ritt spreadlng centre and at the flndlng of economlcally Interestlng resources of the 

metals zlnc, copper and sllver. 

Based upon previous work done wlthin the scope of the geographically more extended 

project GEOMETEP (Geothermal Metallogenesls East Paclflc) and on flndlngs made 

by the Amerlcan submarine "Alvln", GARIMA5 1 covers the axial portion of the total 

length of the Cocos/Nazca plate boundary between the Inca Fracture Zone and the 

Oe 5telguer Oeep. 

The work was carrled out under authorlzatlons issued by the Ecuadorlan Mlnlsterlo 

de Recursos Naturales y Energetlcos and by the Olrecclon General de Intereses Marr-

tImos, Armada dei Ecuador. 

Thls report descrlbes the crulse performance, the methods and equlpment used, the 

places of investlgatlon and first results. 
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2. CRUISE ST A TISTICS 

+------------------------------------------------------------+ 

EXPLANATION OF ABBREVIATION 

+----+------------+------------------------------------------+ 
1 PORT PORT TU1E 
2 TRAN TRANSIT 
3 SEE STEAMING TO AND FROH PORT 
4 TFAV TRAVEL TIME BETW.STATIONS 
5 N.AV NAVIGATION (INCL.BUOYS) 
6 BATS BATHYMETRY (SEABEAM) 
7 BATN BATHYHETRY (NBES) 
8 CURR CURRENT MEASUREMENTS(CS) 
9 HYDR HYDRO. STATION (MS,H,MS+H) 

10 SEDI SED. CORING (P,K,GK,GR) 
11 SAMP ROCK/ SULF. SAl1PL. (DC, DT, D) 
f2 TV TV-HAP./SAllPL. (GTV,STV,TTP) 
13 FS PHOTOGRAPHIC MAPPING (FS) 
14 FSMS PHOTO.MAP./MS (FS+MS) 
15 DTOW SIDE-SCAN-SONAR (DTOW) 
16 REP REP. AND RECOV. OF EQUIP. 
17 TEST INSTRUMENT TESTS 
18 OOP OTHER OUTBORD OPERATIONS 

+----+------------+------------------------~-----------------+ 
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+------------+-----+----------------+---------+---------+---------+ 
METHODS ! NO. ! TOTAL TIME ' MEAN ! t.lINIMUM ! MAXIMUM ! 

MIN. (%) +------------+-----+----------------+---------+---------+---------+ 
PORT 5 6645 6.29 1329.00 698 1962 
TRAN 5 16814 15.91 3362.80 45 11197 
SEE 6 3819 3.61 636.50 93 2280 
TRAV 78 4066 3.85 52.13 13 229 
NAV 77 5809 5.50 75.44 6 565 
BATS 90 23473 22 . 22 260.81 6 1381 
BATN 7 9082 8.60 1297.43 404 2698 
CURR 1 4 0.00 4.00 4 4 
HYDR 14 1139 1. 08 81,36 10 170 
SEDI 15 1608 1. 52 107.20 81 173 
SAMP 51 7249 6.86 142.14 112 191 
TV 32 6608 6.25 206.50 120 368 
FS 66 15540 14.71 235.45 55 642 
FSMS 1 248 0.23 248.00 248 248 
DTOW 5 1116 1. 06 223.20 87 342 
REP 12 786 0.74 65.50 18 168 
TEST 19 1491 1. 41 78.47 18 233 
OOP 1 163 0.15 163.00 163 163 +------------+-----+----------------+---------+---------+---------+ 

+------------+-----+----------------+---------+---------+---------+ 
METHODS ! NO. ! TOTAL TIME HEAN ! MINIMUM ! MAXIMUH ! 

! HOURS (%) +------------+-----+----------------+---------+---------+---------+ 
PORT 5 110.00 , 6.29 22.15 11. 00 32.00 
TRAN 5 280.00' 15.91 56.05 0.0 ***** 
SEE 6 63.00 3.61 10.61 1. 00 38.00 
TRAV 78 67.00 3.85 0.87 0.0 3.00 

..... NAV 77 96.00 5.50 1. 26 0.0 9.00 
BATS 90 391.00 22.22 4.35 0.0 23.00 
BATN 7 151.00 8.60 21. 62 6.00 44.00 
CURR 1 0.0 0.00 0.07 0.0 0.0 
HYDR 14 18.00 1. 08 1. 36 0.0 2.00 
SEDI 15 26.00 1. 52 1. 79 1.00 2.00 
SAMP 51 1~0.00 6.86 2.37 1. 00 3.00 
'l'V 32 110.00 6.25 3.44 2.00 6.00 
FS 66 259.00 14.71 3.92 0.0 10.00 
FSMS 1. 4.00 0.23 4.13 4.00 4.00 
DTOW 5 18.00 1. 06 3.72 1. 00 5.00 
REP 12 13.00 0.74 1. 09 0.0 2.00 
TEST ! . 19 24.00 1. 41 1. 31 0.0 3.00 
OOP 1 2.00 0.15 2.72 2.00 2.00 +------------+-----+----------------+---------+---------+---------+ 
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+------------+-----+----------------+---------+---------+---------
METHODS ! NO. ! TOTAL TIME r1EAN ! MINIMUM ! HAXIMUH 

DAYS (%) 
+------------+-----+----------------+---------+---------+---------

PORT 5 4.58 6.29 0.92 0.46 1. 33 
TRAN 5 11. 67 15.91 2.34 0.0 7.75 
SEE 6 2.63 3.61 0.4 4 0.04 1. 58 
TRAV 78 2.79 3.85 0.04 0.0 0.13 
NAV 7 7 4.00 5.50 0 . 05 0.0 0.38 
BATS 90 16 . 29 22.22 0.18 0.0 0.96 
BATN 7 6.29 8 . 60 0.90 0.25 1. 83 
CURR 1 0.0 0.00 0 . 00 0.0 0.0 
HYDR 14 0.75 1. 08 0.06 0.0 0.08 
SEDI 15 1. 08 1. 52 0.07 0.04 0.08 
SAMP 51 5 . 00 6.86 0.10 0.04 0.13 
TV 32 4 . 58 6 . 25 0.14 0.08 0.25 
FS 66 10.79 14.71 0.16 0.0 0.42 
FSMS 1 0 . 17 0.23 0.17 0.17 0.17 
DTOW 5 0.75 1. 06 0.15 0.04 0.21 
REP 12 0.54 0.74 0.05 0.0 0.08 
TEST 19 1. 00 1. 41 0.05 0.0 0.13 
OOP 1 0 . 08 0.15 0.11 0.08 0.08 

+------------+-----+----------------+---------+---------+--------_. 
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3. AIMS OF GARIMAS 1 

The project GARIMAS was deslgned to provlde material and Information concernlng 

the genesis, distribution and potential of massive polymetallic sulphides occurrlng along 

the divergent plate boundarles of the Galapagos Rift. 

The work to be carrled out should Investlgate the relation between sea floor spreadlng, 

tectonlcs, volcanlsm, hydrothermalism, ore formation, sedimentation and biologlcal 

act!vlty. 

Mapplng by acoustlcal methods (Seabeam, NBES, SBP, SSS) should provlde the necessary 

morphological background to recognlze tectonlc features such as normal faults, transform 

faults and other types of rlft offsets and to deJineate major volcanogenlc features, 

such as calderas and Important flow fronts and ponds. 

These conclusions should then be verlfled by vlsual observations uslng deepwater 

television and photography. The photographlc records should aJlow the determination 

of the different lava types, character of displacement, the relative age of the seafloor 

via alteration of rocksurfaces and the sediment cover. Most Influences caused by 

subsea hydrothermalism would be visible. In addition, Information on fauna I abundances 

could be gathered. HydrothermaJly active places should then be sampled, preferentlaJly 

uslng the new TV-guided grab, and If thls proved not posslble, by uslng more simple 

methods, such as dredging. The sampling operations should focus on the known sulphlde 

occurrence at 85°50'W, to provide enough material for first processlng tests. However, 

newly found occurrences should be sampled as weil. 

Additional work was planned in the fields of water and sediment geochemlstry to develop 

indlrect methods for the detection of submarine hydrothermal activity. 
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4. PARTICIPANTS 

The participants of cruise GARIMAS 1 are subdivided into a group of 26 persons 

responsible for the ship and ship performance ("nautical crew") and a group of 

18 to 20 persons responsible for the execution of the research programme. 

The first group, headed by the captain (G. Müller until June 19, followed by 

H. Papenhagen) was provided by the ship's owner RF. 

Most scientific and technical staff members belonged to Preussag. 
Due to the innovative character of most of the technical operations emphasis 

was laid on a good technical representation, especially in the field of electronics. 

There was so me exchange du ring the cruise, the first on June 7 being caused 

by a minor accident. The first leg was attended by two electronic englneers only 

to terminate the modification on some research equipment introduced during pre-

vious cruises. 

There were representatives of the Instituto Oceanografico de la Armada (lNOCAR) 

in Guayaquil and of the Direcci6n General de Geologia y Minas in Quito. One 
scientist of Hamburg University worked in the field of sediment and water geo-

chemistry, one mineralogist of Heidelberg unlversity carried out the shipboard 

chemical and mineralogical analyses. 
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PERSONNEL NAUTICAL CREW 

FUNCTION 1984 

10.5.-19.6. 19.6.-

Master Müller Papenhagen 
Ch. Mate Oellerich Müller 
2nd Mate Buse Staak 

R.O. Stratmann 
Ch. Eng. Sack 

2nd Eng. Thaysen 

.3rd Eng. Kroehning von Wieding 

4th Eng. Ruelke 
Electr. Rademacher 

Electr. Heygen 

Mot. man Irion 

Mot. man Rosemeyer Leinemann 
Mot. man Priebe 

Mot. man Jaeger 

1st Cook Woch Helwig 

2nd Cook Gruen 

1st Stew. Ahlrichs 

2nd Stew. Richter 

2nd Stew. Tiedemann 

Boats w. Gruendinger 

A.B. Krummel Jahns 

A.B. Peschkes Olemann 

A.B. Zilinski 

A.B. Hoedt 

A.B. Lude 

A.B. Seidel 



,. 

PERSONNEL SCIENTIFIC-TECHNICAL CREW 

NAME FUNCTlON INSTITUTION 1ST LEG 2ND LEG 3RD LEG 4TH LEG 5TH LEG 

28.04.- 10.05.- 23.05.- 07.06.- 19.06.-
09.05. 23.05. 07.06. 19.06. 09.07. 

- - - -

Bäcker, H. Operation management PREUSSAG x x x x 
Lange, J. Geology PREUSSAG x x x x 
Probst, U. Geology PREUSSAG x x x x 
Post, J. Oceanography PREUSSAG x x x -
Lettau, J. Geophysics PREUSSAG x x x x 
Wanninger, A. Geophysics PREUSSAG x x x x 
Eilmes, K.D. Mineralogy IChemistry UNI HEIDELBERG x x x -
Weber, G. Photo-Geology PREUSSAG x x x x 
Meyer, W. Electronics PREUSSAG x x x -
Krueger, H. Mechanics PREUSSAG x x x x 
Spoetter, M. Mechanics PREUSSAG x - - -
Bayer, F. Geophysics PREUSSAG x x 

.... 
x x ...... 

Voehrs, H. Electronics PREUSSAG x x x x I 

Keipke, D. Electronics PREUSSAG x x x x -
Ziranek, P. Electronics PREUSSAG x x x x x 
Ergunalp, D. Sampie evaluation PREUSSAG x x - -
Greger, B. Mechanics PREUSSAG x x x -
Heidbüchel, E. Ship 's Doctor PREUSSAG CONTR. x x x x 
von Minden, H. Navigation RF x x x x 
Vossmer, O. Electronics PREUSSAG CONTR. x x x 
Tse, P.H. Chemistry UNIHAMBURG x x 
Valencia, M. Guest Ecuador INOCAR x -
Stammer, K. Electronics PREUSSAG x 
Evers, G. Mechanics PREUSSAG x 
Leon,O.G. Guest Ecuador DGGM x 
Mazon, R.E. Guest Ecuador INOCAR x 
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5. NARRATIVE 

Since the first cruise of FS Sonne 1977 the shlp was only once back In Germany to 

recelve some additional modlflcatlon. The passage of the shlp, In March 1984, through 

the Medlterranean Sea was therefore used to recelve new supply and to perform a 

number of tests of equlpment to be used durlng GARIMAS 1 (VAX computer, TV grab, 

corer, deeptow, photo-TV siedge). Durlng a storm, the deeptow was damaged, and 

two electronlc englneers were therefore sent already to Punta Delgada, Azores, to 

start the repalr work durlng transit to Panama. Thls passage took 11 days, from April 

27 to May 9, when the shlp arrlved at 6 hrs In San Crlstobal. The sclentlflc-technlcal 

staff had already arrlved during the nlght In Panama City, was brought by cars to 

San Crlstobal and taken on board at noon. The followlng nlght R/V Sonne passed 

through the Panama Canal, and next day 480 tons of fuel were taken over In Balboa. 

Thls gave part of the crew the opportunlty to have a look at the old town of Panama. 

At nlght, Sonne headed for the Galapagos Rlft. On the way equlpment and laboratories 

were prepared for the followlng operations. This concerned malnly the anchorlng systems 

of the Atnav navigation, photo TV siedge, multIsonde, water sampiers, TV qrab and 

the development machlne. On May 12 multJsonde and float packages for the Atnav 

transponders were tested. 

On arrival In the worklng area near 86° on the Galapagos Ritt a multIsonde station 

for the callbratlon of the seabeam system was carried out. Subsequently 6 Atnav trans-

ponders were anchored and the system callbrated. One float package was furnlshed 

with an Anderaa current meter (results see flgs. 11.6 and 11.7). 

After a number of dredqe stations (3 D to 8 D) the first TV-photo profile was carrled 

out along the eastern part of the rlft valley, yleldlng 726 photos most of them of good 

quallty. The valley was found to be covered by plllow lavas wlth abundant protube-

rances and by bulbous sheet lava. On one photo an oxldated sulphide chlmney was 

seen. 

On May 5, on station SO 32 - 10 GTV, In presence of a crowd of curlous sclentlsts 

and techniclans, the new TV-guided grab touched the floor of the Paclflc Ocean for 

the first time. Closing of the grab functloned properly and 80 kg talus was recovered 

from the place where "Alvin" In 1980 had first located sulphldes. Thls place was tabelIed 

"Location A" or "Alvln slte". Station 10 ylelded only hydrothermally altered basalt 

and some weathered hydrothermal products wlth sulphlde remalns. 

During the followlng stations, however, the "Alvln" find could be conflrmed. The sul-

phides, at this place, align along two fault scarps wtllch follow the southern slope 

of what appeared to be a central high between two rlft valleys. Investlgations of the 
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southern valley showed, however, that thls depression is not acttve any more. 

Unfortunately, durlng the next GTV station water penetrated through a damaged plug 

Into the telemetrlc box of the arab whlch required long repalr efforts. On statton 21 

(17.5.) locatton A was photographed In detail. Sulphides were found at the foot of 

an 60 m high escarpment. They were weathered, more or less dlsplaced and mostly 

covered by sediments and talus. 

Bottom operation in thls environment appeared dlfflcult because ~ny tough sttrred 

up the sediments and produced clouds. 

To use the time necessary for the repalr of the grab exploration on May 17 was ex-

tended towards the west for two days, maklng seabeam bathymetry and 2 photo -

profiles. 

On May 19 work at location A contlnued by posltlonlng a dredge by use of an Atnav 

subtransponder Into the sulfide fleld. 

30 kg of sulphldes could thus be recovered. The RFA analysis made on board by a 

student of the unlverslty of Heldelberg showed high Iron (37%) and copper (15%) con-

tents, but less than 0,3% of zlnc. Thls seemed to confIrm the published opinlon that 

the Galapagos sulphldes are copper-rlch and poor In zlnc. Later on, however, hlgh-

grade zlnc ores could be recovered as weil. The same day, another dredge ylelded 

60 kg of sulphldes contalnlng 44% Fe, but Iittle base metals. 

The work at location A continued until May 21 when an eye trouble of M. Spötter, 

one of the technlclans, made an extra port call necessary. On the way to the island 

of Sta. Cruz additional profiles were made along the Galapagos Rlft axls from 86 to 

88°W. On May 23, at Academy Bay, the technlclan dlsembarked and was replaced 

by O. Vossmer. 

Seabpam and photo-surveylng of the Galapagos Ritt contlnued from May 23 to May 26 

when "Sonne" was back at Locatlon A. Station 46 GTV on May 26 ylelded the first 

150 kg of sulphldes sampled wlth the TV-grab after vlsual inspectlon. 

The sampie analysis revealed 0,2 - 2,5% Cu ::>nd 31 - 41% Fe, but low zlnc contents • 

Durlng the work at locatlon A It turned out that certaln morphologlcal details could 

better be dlssolved by the old narrow-beam echo sounder "Schelfrandlot" than by 

the modern Seabeam system. Thls is specially true for steep slopes and vertlcal dls-

placements and the top of narrow mountaln chalns. Therefore an additional detail 

map was produced wh ich covers the area of location A (profiles 66 and 67). 

The work at and around locatlon A contlnued untll June 5, uslng the TV grab, the 

TV-photo sledge and the chaln dredge as maln tools. Some excurslons to the west 

were made to supplement the exlstlng bathymetrlc data. Thls chartlng work contlnued 

wlth profile 110 ff. on the second voyage to Sta. Cruz. In addition to the profiles In 

strlke directlon a numher of cross-sections were produced whlch demonstrate the 
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zero-age zone of the Galapagos Ritt north of the Islands as an uplltted faulted block. 

On June 7 Sonne was back In Academy Bay to collect boxes wlth spare parts. Three 

new sclentlsts boarded, among them Dr. M. Valencia, the representatlve of INOCAR. 

Visits on Sonne were made by the harbour master and by the director of the Darwln 

Station, Dr. G. Reck and his colleagues. 

From Sta. Cruz Sonne headed for the central portion of the Galapagos Rlft at 91,5°W 

and then followed the spreadlng axls towards the west to the De Stelguer Deep. The 

axls, at 92°W was found at very shallow depth, around 1,700 m. 

In addition to the programs carrled out durlng legs one and two, a new geochemlcal 

program was Introduced which Involved MultIsonde measurements in conjunctlon wlth 

water sampling and surface sediment sampllng uslng a Reineck box corer. 

Surprlslngly, the new multiple water sampier attached to the multisonde worked Imme-

dlately weil. Towards the De Stelguer Deep the positive horst structure of the axial 

zone of the GR turns Into a graben. On the way stations 91 to 98 were carrled out, 

three of them photo profiles. The De Stelguer Deep, a deeply submerged basln near 

a spreadlng center offset whlch Is regarded as a place for rlft propagation into older 

seafloor, had already been mapped durlng the GEOMETEP crulses. Some indlcatlons 

pointed to metallogenesls, posslbly in relation to the Implacement of acldlc differen-

tiation rocks. The Inspection of the apparent rlft axls showed much talus, locally covered 

wlth hydrothermal products. There was also some benthos wlth hydrothermal affiliation. 

Further north from the axls In older terrain rock outcrops were photographed whlch 

seem to belong to the acidlc volcanlcs. 

Some profiles (172 - 177) were run at the southwestern margln of De Stelguer Deep 

to better recognlze the continuatlon of the rlft towards the tripie junctlon. 

On June 12 Sonne lett the De Stelguer Deep to contlnue the exploration of the ritt 

between 95,5° and 82°W. At 95° 2'W an axial volcano was found, the caldera of wh Ich 

is In 2,512 m water depth. A photo profile (no. 107) showed hydrothermal products 

on faults probably related to the constructlon of the volcanic cone. 

An Important site wlth hydrothermal actlvlty was found on June 13, south of a man-

ganese anomaly In seawater detected durlng crulse Geometep 3. The fresh rock out-

crops on an axial volcano at 94°55' are covered wlth abundant yellowlsh hydrothermal 

products, and elements of the known hydrothermal fauna can be seen on many photos. 

Hydrothermal actlvlty was also noted 5 mlles further east. 

To allow for a later systematlc investigatlon a special Seabeam map was produced 

before leavlng the place. 

Subsequently the ritt bathymetry (profiles 190 to 201) contlnued untll an axial caldera 

volcano was found at 91°22'W. Thls feature showed an unusual rlch benthos popu-

lation, malnly composed of sponges, Gorgonarlan and Pennacularlan, but no slgn of 

hydrothermalism was seen. 
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Passlng the loeatlon A area on June 17 an additional transponder was launehed to 

Improve the Atnav navigation. On the same day Sonne headed for Guayaquil for the 

seheduled port eall to exchange personnel and reeeive provisions and spares (19. 

to 20.6.). Two englneers, J. Stammer and G. Evers, introdueed a seeond version of 

the TV grab. 

INOCAR sent R.E. Mazon as thelr representatlve for the next erulse, the Direeeion 

General de Geologla y Mlnas O. G. Leon Carrera. Sonne was back at loeatlon A on 

June 22. 

Two transponders had to be exehanged beeause of two week signals. Consequently 

the system was re-eallbrated. The same day, the multiple water sampier was damaged 

durlng recovery after the oeeanographle station 121. There was lot of work for the 

teehnlelan, at the same time on Atnav , water sampier, 2 TV grabs, deeptow and photo 

siedge. 

In addition to the eontinulng work at loeation A during leg 4 a new loeatlon further 

west was Investlgated. Hpre sulphlde outerops were photographed whleh belong to 

a number of more or less extlnet hydrothermal fjelds. The new findlngs were ealled 

loeatlon B or Sonne slte. The presenee of eertaln elements of the known hydrothermal 

fauna suggests that there are stili plaees wlth actlve hydrothermallsm, eontrarily to 

what was known from prevlous eruises. Thls was later eonfirmed when open fissures 

(gjas) were found the walls of wh Ich are eovered with organlsms whleh profit from 

the Inflowlng warm wate. Nearby large fleld of clams were found (Station 186). The 

first sulphides from loeatlon B were reeovered when oeeupylng station 139 on June 

25. They showed the typleal external ehimney struetures produeed by the vent worm 

Alvinella. 

Work at the loeatlons A and B eontinued durlng the whole leg. Posltlonlng of the shlp 

and the towed Instruments beeame more dlffleult when the Atnav navigation computer 

broke down and eould not be repalred permanently. 

The arrivlng Atnav ranges had to be hand-plotted Into achart eonstrueted for the 

purpose. To Improve the seeurity a buoy was anehored west of loeation B on June 

29, whieh earried amlnlranger radio beaeon. ~he buoy behaved weil even In rough 

seas. On July ~O the shlp was anehored by dredge no. 112, whleh eould not be freed. 

Wire wlth dredge and pingers had to be cut off. 

On July 4 the telemetrie box of the TV grab was found flooded agaln. Additional troubles 

durlng the last days were eaused by disturbances of the TV-signals In the wlneh. 

So everybody was happy that the fjeld work eould be termlnated on July 6 wlth the 

sueeessful recovery of Atnav transponders and buoy. 

Sonne reaehed Balboa on July 8 In the nlght and lett next day for Honolulu. The two 

containers wlth equlpment and sam pies were already paeked durlng transit. 
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6. WORKING AREAS 

The working areas of GARIMAS 2 are placed along the Galapagos Rlft axls between 

the Inca Fracture Zone at 85°20' Wand the De Stelguer Deep Fracture Zone at 95°35'W. 

The shlp's track and bathymetrlc results are displayed in a number of single maps the 

extensions of whlch are Indlcated In flgs. 6.1 and 6.2. Dependent on the variable ex-
tension of previous work the amount and character of the InvestIgations carrled out 

durlng crulse SO 32 was qulte different In the different sectlons of the Galapagos Ritt. 

All activltles. however. were restricted to the neo-volcanle zone of the Ritt up to about 

15 miles from the axls, the exact position of whlch was determined durlng the erulse. 

6.1 De Stelguer Deep Area 

The De Stelguer Deep area (fig. 6.3) was vlslted durlng leg 4, June 10 to 13. The Deep 

whlch Is belleved to represent a propagatlng rlft, has been charted already durlng the 

GEOMETEP program, and a bathymetrlc map 1:50.000 was avallable. The rift axls, In 

thls area, follows the floor of a deep rltted valley (profile 179, flg. 6.4). 

Maln alms of the short exeurslon were the visual verflcatlon by photo sledge statIons 

of the exact position, nature and age of the ritt axls and the Inspeetlon of an area north 

of the axls, where unusual rocks and indIcatIons of metallogenesls were found durlng 

previous crulses. 

Some additional profiles (172-177) should locate the southwestern eontlnuatlon of the 

ritt. 

6.2 Galapagos Rift 95°02' - 94°46' W 

The Galapgos Ritt east of the De Stelguer Deep (fig. 6.5) was visited twlce durlng leg 

4 (June 10 and June 12-15. The diseovery, durlng GEOMETEP 3, of a manganese anomaly 

In seawater had induced a more detailed study of the area around 94°55'W whlch re-

sulted In the productlon of a special map 1:20.000 and the diseovery of hydrothermal 

products. Oeeanographle, sediment sampling and photographie stations were earrled 

out. 

At 95°01' a clrcular seapeak was found wlthln the axis (fig. 6.6, profiles 181 and 182). 
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6.3 Galapagos Rift 94°46' - 90°50' W (Galapagos FZ) 

The neo-volcanic zone of the Galapagos Rift between De Steiguer Deep and the Galapagos 

FZ (figs. 6.5, 6.7 to 6.10) was covered by a number of profiles durlng cruise GEOMETEP 

3. These profiles were supplemented during leg 4 of GARIMAS 1 to allow the recognitlon 

of major tectonlc units and of the ritt axis. Within this sectlon the Galapagos Ritt axis 

emerges trom a rlfted depression to a promlnant axial rldge (figs. 6.4 and 6.11 to 6.14). 

At 91°21/22' an axial caldera volcano was encountered. Station work along thls seetIon 

of the GR was limited to a few sediment sampllngs and photographlc profiles. 

6.4 Galapagos Rift 90°50' (GR Fracture Zone) - 86°30' W 

The Galapagos Riff section between the Galapagos FZ and 86°30' had not been in-

vestigated previously. The GARIMAS survey revealed two branches of the rift which 

apparently overlap between 87°05' and 87°20'. The offset Is 14 km. The survey lines 

(figs. 6.15 - 6.19) in general cover the axial portion of the rift, but some profiles follow 

or cut the westem contlnuation of the eastern branch. The area has been touched 

five tlmes during the crulse: on a short visit on May 18 (profiles 24 - 28; stations 23 

and 24 FS), on the way to Sta. Cruz and back to GR 86°, on May 21 - 25 (profiles 

35 - 46, 47, 49 - 58; photo stations 36 - 38, 40, 41 - 44; deeptow station 39), on 

the way to Sta. Cruz, June 5 - 7 (profiles 121 - 139; photo stations 89 and 90) and 

on the way from De Steiguer Deep to GR 86°, on June 16/17 (profiles 205 - 210, photo 

station 119). Wlthln thls sectlon of the GR, the ritt axis drops from west to east (figs. 

6.20 to 6.23). 

6.5 Galapagos Rift 86°30' - 86°04'W 

The section GR 86°30' - 86°04' (figs. 6.24 and 6.25) represents that part of the survey 

area which was investlgated more in detail, but whlch is not yet covered by a complete 

bathymetric map. It includes also the American working areas around the low temperature 

hydrothermal vents at 86°5-11' W (LONSDALE 1977; WEISS 1977; CRANE 1978; VAN 

ANDEL & BALLARD 1979; BALLARD et al. 1979; CRANE & BALLARD 1980 and many 

others). Within thls section the Galapagos Spreading centre Is represented by an uplifted 

horst with a variable rifted axial zone (flgs. 6.26 to 6.33). The mean helght of the 
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gently drops from west to east (fig. 6.34). 

The work carrled out durlng GARIMAS 1 In thls region focused on Seabeam mapping 

and bottom photography. 

6.6 Galapagos Rlft 86°04' - 85°40' W 

The eastern portion of the Galapagos Rlft east of 86°W (flgs. 6.25, 6.35, 6.36) was 

already surveyed durlng the prevlous GEOMETEP cruises. It contalns also the Alvln 

1001 slte where the first Galapagos Rlft sulphldes were found (MALAHOFF et al. 1983). 

As a result of the GEOMETEP cruises detaJled bathymetrlc maps were avallable for the 

GR sectJon 85°35' - 86°04'W. 

Most work carrled out durlng cruise SO 32 agaln focused on thls area. The work was 

supported by the Installation of an Atnav transponder system. To ensure a perfect Seabeam 

and NBES coverage wlthln the Atnav array, a new very detalled morphologlcal survey 

was run In a special 4 square miles box centred at 85°51' W 0°45' N (flgs. 6.35; 6.37-

6.39). 

Thls area was mapped at 1:10.000 wlth 5 m contour intervals. The work carrled out 

east of 86° focused on rock sampling (dredges and TV-grabs) and photo profiJIng. In 

addition, sediments were recovered uslng a Reineck corer along a sectlon across the 

ritt (flg • 6.40). Some oceanographlc stations were occupied as weil. 
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7. SHIP AND MAIN SHIPBOARD EQUIPMENT 

MS Sonne Is a speciallzed research vessel for deepsea mineral exploration and Is owned 

and managed by RF Reedereigemeinschaft Forschungsschiffahrt GmbH In Bremen, 

a subsldlary company of Metallgesellschaft AG and Preussag AG. 

Technlcal details are IIsted in the table below. 

Durlng crulse SO 32 the shlp was malnly used for bathymetrlc proflllng (Seabeam, 

ELAC NSB echo sounder, 3,5 kHz SBP), for deeptow towlng (speclally photo-TV-

siedge), dredglng and predomlnantly heavy equlpment station work. Dredglng was 

done on the starboard slde uslng the fishing wlnches, sledge towlng and heavy grab 

sampllng via the A-frame at the stern, uslng the frlctlon wlnch, and hydrologlcal work 

on the port slde, uslng the hydrographie cable wlnch. 

Durlng the crulse there were no major breakdowns of the shlp's equlpment effectlng 

the program performance. Only durlng the last days signal disturbances occurredln 

the slip ring of the cable wlnch and the use of the fishing wlnches was IImlted at the 

same time by tensiometer breakdowns. 

The appllcatlon of the Atnav system was handlcaped by several fallures of the signal 

processlng unlt. There was also a breakdown of the tape unlts of the VAX computer 

IImltlng the possibllllty of on-line processlng of Seabeam data. 

Other equlpment failures occurring durlng cruise SO 32 could quickly be ellminated 

by the service engineers on board. 
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RV SONNE, technical details 

Flag: Federal Republic of Germany. 
Port of registration: Bremen . 
Ca/! sign : OFCG. 
C/assification: GL + 100 A4 EF + MC. 
Owners: Partenreederei MS SONNE. 
Managing owners: RF Reedereigemeinschaft 
Forschungsschiffahrt GmbH, August-Bebel-Allee 1, 
0-2800 Bremen 41, Te l. : (421) 232059, Telefax: (421) 
239462, Telex: 246062 rfor d. 
Built: 1969, as stern-fish ing trawler at Rickmers Werft, 
Bremerhaven, converted 1977 at Schichau Unter-
weser AG, Bremerhaven and 1978 at Rickmers Werft, 
Bremerhaven. 
Basic dimensions: GRT: 2607, NRT: 1263, Oisplace-
ment: 3834 t, Length o. a.: 86.81 m, Length p. p.: 76.20 
m, Beam 14.2 m, Oraught: max. 6.50 m, Oepth main 
deck: 9.30 m, Service speed: 13 kn . 
Personnei: Crew: 26, Scient ists: 23. 

Main engine: 4 x MaK 8 M 281 AK = 4x735 kW. 
Propulsion: 2 x BBC-propulsion motors. 2 x 1100 kW. 
Manoeuvring propulsion devices: Escher Wyss vari-
able pitch propeller, bowthruster 588 kW, 10 t thrust. 
Special rudder with flap. 
Generators: 4 x 88C, 4 x 810 kVA, 380 V, 50 c. 
Ship's network: 380 V, 50 c; 220 V, 50 c by transforma-
tor. 
Stabilized network: 380/220 V, 50 c, voltage stab. 
± 1 %, frequency: stab. ±0.5%, dynamic±1.2%, 40 kVA 
tota l. 
All living rooms and laboratories are fully air condi-
tioned. 
Bunker capa city: 920 t gasoil, 50 t fresh water, fresh 
water production 30 tlday. 
Consumption: 10 t gas oil /day at service speed. 
Maximum service duration: 90 days. 
Sewage treatment, oil seperator. 
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Navigation: 3 radars, direction finder, Decca navigator 
with track plotter, Loran-C-navigator, autopi lot, gyro-
compass, Na~tomat-navigat i o n system with track 
plotter, integrated satellite navigation system 
Magnavox, 2x Loran C micrologic, doppler-sonar, 
EM-Iog, monitors and teletypes, satellite/Omega navi-
gation system, add itional master's control near work-
ing area. 
Acoustic equipment: bathymetric multi-beam-sonar 
system Sea-Beam, Elac NSB echo sounder 3 frequen-
cies 30/20/12 kc, Elac deep sea-echosounder (ENIF) 
combination with pinger reg istrat ion 12 kc, subbottom 
profiler, 3.5 kc, shallow water survey echosounder 
30/210 kc, acoustic transponder navigation system, 
depth indicator, horizontal echosounder, fish finding 
echosounders, navigat ion echosounder, heave com-
pensation system for echosounders. 
Scientific equipment: x-ray spectrometer, deep sea-
TV-system, XBT-sonde, comprehensive measuring 
instrumentation. 
Radio equipment: Short wave SSB 1.6 kW, rad io tele-
phony, wireless teletype, VHF. 
Intercom: telephone, talk-back-system, walky-talkies, 
TV-surveillance system. 
Lifting gear: 1 hydraulic A-fram e at th e stern, SWL 12 t, 
1250 slewable, 2 cranes AK 6000 on the work deck, 
1 central crane, SWL 8 t, max. 14 m outreach, 1 HAP-
crane, 1 derrick crane SWL 5 t, 12 m outreach, 1 jib-
boom up to 3 m, SWL 10 t, 1 core r frame, 24 m, 1 sam pie 
lift with 4 stops in hold, labs, working deck, water 
sam pier station, 1 working platform (dolly) at the stern. 

Winches: 1 Deep tow winch, electro-hydraulic with 
2 storage winches for 8000 m rope or cable each 
18 mm 0, speed up to 120 m/min, "slack-li ne-take-up" 
and "wave compensator", 2 deep sea winches 
(spares) for 7000 m rope, 12 and 18 mm 0, each, 
1 hydrograph ic winch for 6000 m rope or single con-
ductor cable, 4 to 8 mm 0, various working and auxili-
ary winches, 3 measuring systems for winches (con-
trolling tension, speed and length). 
Laboratories (379 sqm) Main deck: geologicallabora-
tory 58 sqm, mechanical workshop 14 sqm, water 
sam pier stat ion. 
11. Deck: wet geochemicallaborato ry 42 sqm, dry geo-
chemical laboratory 38 sq m, chemical store 10 sqm, 
geophysical laboratory 35 sqm, streamer store 
15 sqm, seismic store 30 sqm, registration room 
20 sqm, electronic workshop 13 sqm, mounting room, 
gravimetry/magnetic lab 30 sq m, photo laboratory 
and copy room 17 sqm, drawing office 22 sqm. 
111. Deck: gravimeter !"oom 13 sqm, computer room 
14 sqm, echo sounder room 8 sqm. 
Handling/work space: working deck, free space 
220 sqm, 11 . Deck: free space 200 sqm, accessible 
park ing space for three 20 ft-containers (also refriger-
ated containers), accessible park ing space for 5 lab-
oratory containers on deck, stowage for scientific 
equipmen t 145 sqm (320 m3). 

Geophysical equipment: (for seismic) 6 x JUNKERS 
free piston high pressure compressors 150 bar, deliv-
ery 2.05 m3/min each, sl ipway for airgun array. 

RF Reedereigemeinschaft 
Forschungsschiffahrt GmbH ' Bremen 

August-Bebel -Allee 1 . D-2800 Bremen 41 
Phone (421) 23 2059 · Telex 246062· Telefax (421) 239462 
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8. NAVIGA TION 

The posltlonlng of the shlp was based malnly on satellite navigation (Satnav). Durlng 

statlonary work the satelllte navigation has been supported by acoustlc transponder 

navigation (Atnav) and the bathymetry mapplng system Seabeam. 

8.1 Satelllte Navigation 

The US satelllte navigation system TRANSIT conslsts of flve to slx satellites In polar 

orbit. Each satellite contlnually transmlts on the two frequencles 400 and 150 MHz 

and on each carrier the orbital Information of that partlcular satelllte Is Impressed. 

Whlle measurlng the Doppler shlfts of the two frequencles of the movlng satellIte 

durlng the visible time of 15 to 20 mlnutes, the Ilitegrated computer of the Magnavox 

Satelllte Navigation System calculates the position of the shlp by means of the dead 

reckoned shlp's position. Thls position has been determlned contlnually between 

the two satelllte fixes by recordlng the shlp's speed by Doppler Sonar and the shlp's 

headlng by gyro. 

The preclslon of a satelllte fix depends much on the accuracy of the shlp's position 

durlng the pass. Durlng statlonary work the shlp's speed va lues have the largest 

inaccuracy and the absolute position of the shlp will be worst. A measure of the 

position accuracy Is the offset between a satelllte fix and its dead reckonlng position. 

For the Galapagos Ritt Area W 86 0 the followlng results have been calculated: 

time Interval: 

number of accepted fixes: 

fix rate: 

mean offsets 

June 2.3rd 1984 0:02 - June .30th 1984 2.3:57 

100 

1 flx/115 mln 

latltude 0.242 

longltude 0 • .33.3 km 

The fix rate and the off set are better than va!ues observed durlng earller crulses 

In the southeast Paciflc. 
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8.2 Atnav Navigation 

Another navigation system used In the Galapagos Rlft area was the Acoustlc Transponder 

Navigation System ATNAV 11 manufactured by AMF SeaLink/EG+G. Here the posltlonlng 

Is performed wlth reference to an array of bottom-moored acoustic transponders. 

The system operates on the prlnclple of measurlng the ranges of the shlp to three 

transponders. To determlne the slant range an Interrogation pulse Is transmitted from 

the shlp and the elapsed time untll recelvlng the reply pulse by the trnasponder Is 

measured. Then wlth reference to the preclsely known positions of the transponders 

the position of the shlp wlthln the array can be calculated. Addltlonally the position 

of a deeptowed vehlcle can be monltored by uslng a so-ca lied sub-transponder 

whlch Is attached to the vehlcle. 

Withln the W 86°-area totally nlne transponders had been moored at the top of the 

graben flanks. The length of the array was about 5 nautlcal mlles and the wldth 

about 2 nm, the dlstances between the transponders were about 2 nm (Flg. 8.1). 

The posltlonlng preclslon Inside the callbrated array met the standard (rms 1.4 m). 

Because of several malfunctlons of the calculator, wh Ich was not repalrable uslng 

the shlp's facilitles, It was not posslble to calculate the shlp's position by the Atnav 

system durlng the wh oie crulse. Instead ranges of the transponders were hand-plotted 

on range maps produced tor the purpose. 

Position of the transponder 

No. - XPNDR Frequ. (kHz) Latltude (N) Longltude (VI) 

0 7.5 0°45.5' 85°50 • .3' 

1 8.0 0°45.9' 85°51.8' 

2 8.5 0°44.7' 85°51.6' 

4 9.5 0°46.9' 85°54.2' 

6 10.5 0°45.7' 85°5.3.2' 

7 11.0 0°45.5' 85°49.0' 

8 11.5 0°44.7' 85°50.1 ' 

10 12.5 0°45.0' 85°51.4' 

11 1.3.0 0°45.7' 85°5.3.2' 
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8.3 Bathymetrlc Navigation 

For a number of purposes bathymetrlc orlentatlon proved to be a good navigation 

ald. E.g. knowlng the approxlmate trend of the spreading axls of the Galapagos Ritt, 

and having It recognlzed by a bathymetrlc cross-sectlon, the zero-age zone was 

subsequently mapped followlng the characterlstlc features along-strlke. 

For that purpose the monitor showlng the actual soundlngs In a cross-sectlon, was 

very useful. The Instrument is mounted on the bridge In front of the helmsman. 

Another appllcation was position keeplng during photo sledge deeptow proflllng, 

uslng a bathymetrlc chart and the runnlng swathe. A TV plcture of the latter was 

also transferred to the wlnch operator's place In the geologiealiab. 

A slmllar use was made of the 5eabeam swathe to accurately position the TV grab 

In relation to morphologlcal features such as fault scarps. 

8.4 Buoy Navigation 

After the breakdown of the Atnav navigation computer It was declded to place an 

anchored buoy near locatlon B as an additional measure to avold drlftlng durlng 

sampling. 

The buoy was anchored In 2,530 m water depth on a round volcanlc edlflce near 

85°56W and 0046,5'N (Flg. 8.2). The position of the buoy at surface proved to be 

rather stable. 

The buoy was of the platform type as used tor malntenance work around the shlp. 

5teel barrels carrled a wooden deck on whlch a box wlth batterles (those used for 

the orab) and a small tower were placed, wh Ich supported aMlnlranger navigation 

beacon. The buoy was anchored uslng a 6 mm cable, and 18 mm cable near bottom. 

The platform was operative from June 29 to July 6, 1984. 
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9. RESEARCH EQUIPMENT 

The research equipment used durlng cruise GARIMAS 1 partly belongs to the normal 

outfit of the shlp, such as echo sounders, wlnches, cranes and part of the navigation 

systems. 

On the other hand, the specific alms of the operation requi.red a number of special 

tools, two of them (TV grab and photo-TV-sledge) were used for the first time In a 

research crulse. 

9.1 Echo Sounders 

Research equlpment based on the acoustlcal principle plays an Important role In marine 

geophyslcs. Echo soundings can be used for bathymetric suveylng by elther "Schelf-

randlot" or the newly acquired multi-ray-system SEABEAM, which also serves as an 

practical ald for navigation (see chapter 8.3). The Subbottom Profiler reveals the stratl-

flcatlon of the first layers below the ocean bottom and the Side Scan Sonar Is a mean 

to detect natural features of seabed topography adjacent to, but not directly beneath 

the tools track. Most of the time the three first systems were emp loyed slmultaneously. 

9.1.1 Schelfrandlot (NBES- Narrow Beam EChQ Soungetl, 

The ELAC stabllized narrow beam echo sounder "Schelfrandlot" Is especlally designed 

for intermediate water depths and rough seafloor morphology. A very small beam angle 

(1,4°) and compensatlon of the shlp's mot/ons facillate preclse recording of the bottom 

track wlthout disturbing side-echoes (Fig. 9.1). 

The "Schelfrandlot" has three operating frequencies: 12 kHz, 20 kHz and 30 kHz. 

20 kHz was used as standard frequency. During ATNAV-operations (chapter 8.2) and 

detalled surveylng over the locations of interest frequency has been swltched to 30 kHz 

for two reasons: 



FIG. 9.1 
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RECORD OF THE ELAC NARROW BEAM ECHO SOUNDER "SCHELFRANDLOT". 

100 M-INTERVALS STARTING WlTH 1,300 M. MASTER RECORDER. FOR 

DETAIL WORK , SLAVE RECORDERS WERE SET TO 500 OR 100 M TOTAL 

RECORD INTERVAL 

.... i 
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to avoid disturbance of the acoustic transponder navigation system 

(working within a range of 7.5 kHz to 15 kHz) 

to achleve a better resolution of steeply incllned structures by a sharp 

pulse. 

The emission of a "Schelfrandlot"-pulse (10 KW power, length 10 ms) Is trlggered ex-

ternally by the Seabeam-system wlth a delay of about 500 ms to enable proper Identl-

f1catlon of respectlve reflected signals. 

The NBES worked weil durlng the entlre curise wlth no disturbances and the quallty 

of the recordlngs is falrly good to excellent. 

9.1.2 Seabeam-System 

The multlple-ray system SEABEAM produced by General Instrument Corp. has been 

part of RV Sonne's equlpment slnce 1981. Using SEABEAM the amount of time necessary 

for a bathymetrlc survey can be cut off conslderably, a 50% reduction is posslble 

at least. Features of the seafloor, whlch would not be detectable by conventlonal 

echo soundlng, can easily be discovered (Flg. 9.2). 

These advantages are achieved by a bunch of 16 beams, whlch fan out perpendicularly 

to the shlp's fore and aft axls and whose echoes are registered slmultaneously. Instead 

of a single bottom track Une an ocean bottom swathe of about 0.8 tlmes the water 

depth Is produced In that manner. The single emitted beam has a solid angle of 2 2/3°, 

intervals between two outgolng pulses depend on water depth (rate decreases with 

Increaslng depth). 

In the region of Interest asound velocity vs. depth functlon has to be determlned 

prior to surveylng to correct for the refractlon of ray-pathes at layer boundarles. 

Veloclty-depth measurements have been performed by the multIsonde (see chapter 

9.2). The slanting distances then are converted into horizontal dlstances and depths 

after correction of the shlp's roll and pitch. 
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FIG. 9.2 EXAMPLE OF 5EABEAM RECORDING DURING GARIMA5 1. THE 5WATHE 

WlDTH 15 ABOUT 1.5 KM. LEFT 51DE CONTOUR UNE DEPTH (!N M) 

AT THE 5MALL MARKERS CROSSING THE AXIAL UNE. 

RIGHT SIDE TIME, HEADING AND CONTOUR UNE INTERVAL5. 
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Depth (m) Velo city of sound (m) 
s 

0 1535 

100 1507 

300 1500 

500 1490 

900 1485 Sound velo city profile 

1160 1484 used for onllne pro-

2000 1492 cesslng of Seabeam 

2730 1503 data. 

The whole recordlng unit conslsts of a transmittlng array of 20 magnetostrlctive pro-

jectors, a recelvlng array of 40 plezoelectric IIne hydro phon es, control and steerlng 

unlt, echo-processor, magtape and two plotters. 

To produce quasI-real-time contour strip charts the echo processor In addition to 

the sound velocity profile needs the shlp's speed and headlng. Scale and contour 

Interval can be selected. During GARIMAS 1 standard values have been a scale of 

1:20,000 and a contour interval of 10 m. Only for detalled Investlgatlons of certaln 

locatlons those have been switched to 1 :10,000 and 5 m respectlvely. 

In order to enable later post-processing, depth, dlstance, time and shlp's headlng 

are stored on magnetic tape. Thls allows elimination of major dlstortlons, which are 

due to errors in satelllte navigations or shlp's speed. 

9.1.3 Subbottom Profller 

. In order to determine whether the basaltlc hardrock was covered by layers of sediment 

a subbottom profiler was engaged. Operating frequency was 3.5 kHz, the pulse (length 

1 ms) was emitted wlth 10 KW and an interval of 1 sec. Because of the relatlvely 

low worklng frequency echoes from below the seabed can be recorded. 

The complete unlt conslts of a 10 KW transceiver and control unlt (O.R.E.), an array 

of 16 transducers and an EPC Graphlc Recorder. 

Quallty of records was not at an optimum due to the very rough topography of the 

spreadlng centre and its vlclnity. Particularly a areat number of slde-echoes dlsturbed 

the recordings, yet it was posslble almost every time to determlne the presence of 

sediments coverlng the fresh lava. 
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9.1.4 Deep-Towed Side Scan Sonar 

The AMR-Deeptow system conslsts of a deep-towed carrier and Its shlpboard unlts 

for deep ocean research of the ocean bottom micromorphology. The vehlcle is equlpped 

beslde some control sensors wlth a slde scan sonar and a subbottom profiler. 

The slde scan sonar operates on a frequency of 100 kHz and an acoustlc souree level 

of 117 dB at 1.2 KW power output. The bottom refleeted signals are transmitted dl-

altally via an 18 mm eoax eable to the surface and then reeorded on a graphie recorder. 

Dlgltally slde scan signals ean be dlsplayed slant range corrected wlth the flsh depth 

as Input. The swathe wldth of the observed ocean bottom was two flmes 200 m. 

Wlthln the Galapagos area W 86° the subbottom profller was used as an altimeter In 

order to keep the flsh exactly at 50 m altltude above ground. 

On 3 profiles In the 86°W Galapagos Ritt area the Deeptow-flsh has been engaged. 

Initial problems wlth the signal reeordlng beeame worse durlng the last two deeptow 

deployments. As areactIon to this malfunctlon the applleatlon of the tool has been 

abandoned for the rest of the cruise. 

9.2 Oceanographle Equlpment 

9.2.1 Multisonde 

The Multisonde of ME Meerestechnik-Elektronlk, Trappenkamp, Is a hlgh-preclslon 

~ multl-senslng STD-probe, whieh provldes the opportunlty to gather fast and slmultaneous 

Information about the vertleal and horizontal distribution of a great number of different 

hydrophyslcal and -ehemlcal parameters (see Tab. 9.1). Beslde the parameters IIsted 

In Tab. 9.1 the sallnlty Is on-fine caleulated from the pressure, temperature and con-

ductlvlty readlngs applylng the recently developed so-called "UNESCO-Formula". 

The MultIsonde is a versatile measurlng instrument capable to monitor up to 32 different 

param eters. 

The system conslsts of two parts - the underwater measurlng unlt and the board unit. 

The underwater unit Is equlpped wlth slx different probes and is tested for a water 

depth clown to 6,000 m. The unlt is deslgned to measure preferably eontlnuous vertlcal 

profiles, but, mounted in a deep towed vehicle, It Is also capable to measure horizontal 

profiles. The underwater unlt Is eonnected to the board unlt via a hydrographie wlnch 
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and a 8 mm diameter coaxlal cable. The board unlt displays all parameters and provides 

three analogue outputs for on-line graphlc recording. The digital output is recorded 

on magnetic tape and addltlonally quasi on-line plotted on a computer graphlc screen. 

Last not least the Multisonde provides the posslbility to trigger twelve release mechanlsms 

mounted in a rosette water sampier. 

9.2.2 Water Sam piers 

Water sampling during the Garlmas crulse was carrled out wlth the rosette water sampier 

trlgQered via the Multisonde. The electric-mechanlcal release mechanlsms mounted 

in the rosette sampier were tested for water depths down to 6,000 m. The rosette 

sampier was equlpped wlth ten plastlc water sampiers of the Nlskln type, each capable 

to recover 5 liters of sea water. The Nlskln water sampier features all plastic construction 

wlth a free flushlng design by large Inlets. The sampllng tube Is completely metal-free. 

Four of the mounted sam piers were supplled wlth a tripie thermometer tube for three 

thermometers. Each of the thermometer tubes was equlpped wlth 2 reversal thermo-

meters. 

9.2.3 Current Meter 

Current measurements above the sea floor were carrled out wlth an "Aanderaa RCM 

5", whlch Is a cycle countlng "savonius" rotor type current meter. The RCM 5 Is a 

self-recordlng Instrument. It Is pressure-proved to a water depth of 6,000 m. Dependlng 

on the measurlng Interval the recordlng and battery capa city reaches up to 2 years. 

More technlcal data are presented In Tab. 9.2. 
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TAB. 9.2 

• 

SPECI FICA TlONS 

MEASURING SYSTEM: 
Self balaneing bridge with sequential measur · 
ing of six ehannels and reeording on magnetie 
tape. A ten bit binary word is used for eaeh 
ehannel. 
Measuring Speed: 4 seeonds eaeh ehannel. 
The channeis are : 

1. REFERENCE: 
This is a fixed reading that aets as a eontrol 
on the performance of the ReM, and also as 
an identification of individual instruments . 

2. TEMPERATURE: 
Sensor Type : Thermistor (Fenwal GB32JM19) 
Ranges: 
Low Range: - 2.460 C to 21.40oC (standard) . 
High Range : 10.080 C to 36.oooC. 
Wide Range : - O.34oC to 32.1 7°C . 
Accuracy: ± 0.050 C. 
Resolution: 0.1% of range selected. 
63% Responce Time : 12 seeonds. 

3. CONDUCTIVITY: (optional) 
Sensor Type: I f;lduetive cell. 
Ranges: 0 - 77 mmho/cm., (standard). 

25 - 72 mmho/em 
25 - 38 mmho/em 

Resolution: 0.1 % of range . 
Calibration Accuracy: ± 0,025 mmho / cm 

4. PRESSURE: (optiolial) 
Sensor Type: Bourdon tube driving apo· 
tentiometer. 
Ranges: 0·100 PSI, 0·200 PSI, 0-500 PSI, 
0-1000 PSI , 0·3000 PSI . and 0·9000 PSI 
0·3000 PSI is standard. 
0·9000 PSI is available for RCM5 o nly 
Accuracy: ", . 1% of range . 
Resolution: 0 .1% of range. 
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5. CURRENT DIRECTION: 
Sensor Type: Magnetie compass with needle 
elamped on to potentiometer ring. 
Resolution : 0.35° . 
Accuracy: ± 7,50 C for eurrent speed within 
2,5 to 5 em/see ., ° r 100 to 200 em/sec. 
± 5° for speed within 5 to 100 em/see . 
Maximum Compass Titt: 120 from horizontal. 

6. CURRENT SPEED: 
Principle: Rotor with magnp.tic coupling 
through instrument case. The number of 
rotations during the per iod between 2 samp-
lings are eounted by an eleetronie counter. 
This counter has a pre·eircuit with a ehoice 
between ten dividing factors, suited for samp-
ling intervals from 0,5 to 180 minutes. 
::;tandard is 4 rev/count. 
Range : 2.5 to 250 em/see . 
Accuracy: ± 1 cm/sec., or ± 2% of the aetual 
speed, whichever is greater. 
Starting Velocity : 2.0 em/see. 

CLOCK: 
Type: Quartz erystal 
Accuracy: Better than ± 2 see/day within 
OoC to 200 C. 
Sampling Intervals: 0.5 , 1,2,5,10,15,20 , 
30, 60 and 180 minutes, seleeted by interval 
seleeting switeh. 
External Triggering: For calibration purposes, 
a six volts positive pulse to terminal on top 
end plate will activate the instrument. 

RECORDING SYSTEM: 
Type: Reel to reel 1/4 inch magnet ic tape . 
Coding ' 10 bit binary words (short a nd long 
puls%) in serial form 
Storage Capacity : 10 .000 samplings us ing 600 
feet of mag netie tar>c on 3 inch Ip.cl s. 

TELEMETRY: 
Acoustically: 
By switching on and off carrier from acoustic 
transducer . 
Frequency: 16,384 KHz ± 5 Hz. 
Detection Range : Typically 800 meters with 
Hydrophone Receiver 2247. 
By Cable : 
5 volts negative, short and long pulses from 
terminal on top endplate. May be used fo r 
real time readings and for ealibration purposes 
by use of Printer 2860. 

POWER: 
Battery: 9 volts, non-magnetic. Leelanehe 821 
Size: 63 x 50 x 80 mm. 
Capacity: sufficient for 10,000 samplings. 

MOORING: 
Spindie designed for 15 mm. maximum dia · 
meter rope. Gimbal mounting permits 
27° deviation between spindie and instrument 

EXTERNAL MATERIALS: 
Pressure Case: Cu Ni Si alloy (OSNISIL) a nd 
stainless acid proof steel. Epoxy coated . 
Vane: 8 mm PVC plastic. 
Other plastic parts: Polyamid & Polystyrene. 
Other metal parts: Stainless acid proof steel 
and nickel plated bronze. Epoxy coated. 

RCM4 RCM5 
DEPTH CAPABILlTY: 2000m 6OO0m 

NET WEIGHT: 
Recording Unit, in air 

in water 
Vane Assembly, in air 

in water 

DIMENSIONS: 
Recording Unit: height 

Overall length 
Overall height 
Vane size 

diameter 

GROSS WEIGHT: 
Recording Unit 
Vane Assembly 

13.7kg 
9 .2 kg 
12.9kg 
8.1 ky 

15.8kg 
11.0kg 
13.4kg 
8.5kg 

510mm 535mm 
128mm 

1370mm 
750mm 

370 x 1OO0mm 

19.1 kg 
20.6 kg 

21.0 kg 
21.1 kg 

PACKING: (RCM4 & RCM5) 
Recording Unit: 
Plywood Case 190x230x610mm 
Vane Assembly: 
PIYlNOod Case 155x400x 1 020 mm 

SPAR ES: 
A set of recommended spares is delivel ed wit h 
each instrument. (rotor, bearings, o -rin'ls e Ie. ) 

WARRANTY: 
On" year aganist faulty materials and work 
ma nship. 
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9.3 Photo-TV-Sledge 

9.3.1 General Descrlptlon 

Thls photo-TV-sledge comblnes a television system and a photographlc system to 

provlde realtime television, recorded television and colour photography. The overall 

cO!'lcept of the photo-TV-sledge fs showi1 In Flg. 9.3. The system Includes the TV-

camera, TV-flood IIghts, photographlc camera, strobe IIghts, batterles and control 

data transmission. All of the survey underwater equipment Is mounted on an Instru-

ment platform (siedge). The underwater components are connec-ted wlth a system 

control console aboard the shlp by the da ta transmission system (telemetry) whlch 

allows the use of an armoured single wlre coax tow cable. The requlred poser for 

the underwater components of the television system (Incl. flood IIghts) Is supplled 

by two power suppliers, mounted In the control console. They provlde up to 640 VDC 

at i.6 amperes. 

9.3.2 Television System 

The television system conslsts of a low light level camera, two -flood IIghts mounted 

In the sledge and a shlpboard monitor and video recorder. The underwater camera 

IncJudes a motorlzed leng assembly and a silicon Intenslfler target (SIT) camera tube. 

The leng is a f /1.3 mini element design whlch has a focal length of 15 mm. The lens 

has a diagonal fleld of vlew of 550 In air and 400 In water. The two flood IIghts supply 

2 x 250 watt of incandescent light power for illumination. Wlth the use of the realtIme 

television on the monitor It Is posslble to make dec!slons affectlng the exploration 

work of the sledge (e.g. actuatlng of the photographie camera) . 

9.3.3 Photographic System 

The photographlc system Is a general purpose Instrument proven for use In a varlety 

of deep ocean appllcations. The used photographlc camera takes approx. 3200 exposures 

of 35 mm standard film per loadlng, and approx. 6400 exposures uslng thln-base 

film. A digital data chamber wlth light emittlng dlodes displays time, date and altltude 

(dlstance to the ocean floor). The a!titude Is measured wlth a short-range acousUc 
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soundlng devlce. Each time the carnera takes a photo; It records the dlstance In 

meters to help to Interpret the resultlng photographs. 

The camera Is used wlth three strobe IIghts and companlon power tracks. The strobe 

lights are fast recycling, high energy light sources, to provlde an output of approx. 

600 Ws, where the flash duration Is so short that under most condltlons photographs 

are sharp even If the camera or subject Is In motion. 

The whole system is powered by four battery packs whlch supply 28 VOC from recharge-

able nickel cadmium batteries. A master battery pack controls trlggerlng of the strobes, 

as weil as actuatlon of the camera shutter and film drive. Three auxlliary battery 

packs are provlded to assure contlnuous power for the strobes durlng a deep ocean 

mission. There are three posslbilitles to actuate the system 

- actuatlon by a programmed Interval 

- actuation by a bottom swltch 

- actuatlon by a remote signal. 

The photo and TV equipment used is listed in Table 9.3. 

9.3.4 Telemetry System 

The telemetry system conslsts of a system control console aboard the shlp and a 

telemetry canlster mounted In the siedge. The system control console Includes power 

supply and all clrcult boards Involved In codlng-transmlttlng and recelvlng-decodlng 

of the telemetry signals. A front panel wlth control swltches allows the user to control 

the underwater TV-system C3fnd actuate the photographlc system. The telemetry 

canister Includes some circult modules Identical to those In the control console. It 

provldes operating power for the television camera, couples the TV video signal to 

the coaxlal cable, and separates the light and television camera OC loads from the 

video signals. 
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TAB. 9.3 PHOTO AND TV EQUIPMENT USED DURING CRUISE SO 32 

~ 

1. Benthos Standard Camera Model 372 for 800 exposures of 35 mm standard 

IInes; 

2. Benthos Survey Camera Model 377 for 3200 exposures of 35 mm standard 

film; 

3. Benthos HI-Intenslty Flash Model 383; 

4. Benthos Altimeter Model 2110; 

5. Benthos Master Deep Sea Power Pack Model 391; 

6. Benthos Auxlllary Deep Sea Power Pack Model 392; 

7. 3 x Hydro Products Stobe Light Model PF 730 B; 

8. 3 x Hydro Products Battery Pack Model BP 708; 

9. Hydro Products TV-Camera Model TC 125 SIT; 

10. 2 x Hydro r.l roducts Flood Light Model LQ-7S-1,6A; 

11. Hydro Products Telemetry System; 

12. JVC Video Recorder Model HR-7600 MS; 

13. Preussag Pinger Model. 
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9.4 Electro-hydraullc TV Grab 

Durlng numerous crulses for deep seafloor exploration common sampllng technologles 

often had turned out to be almost Inefflclent, when hard, consolldated sediments or 

rocks had to be recovered. Thls was malnly due to 

- low penetratlon Into the soll or low cuttlng forces, whlch ylelded minimal or even 

no recovery; 

- geologlcally bad or worthless sampies because of blind sampllng; 

- loss of equlpment because of gettlng entangled with the rocky seafloor. 

Since 1982 Preussag Offsnore Technology department has therefore deslgned and 

constructed a TV-eQulpped deep sea grab in order to overcome these disadvantages. 

Consequently the Instrument Is the prototype of a new generation of tools developed 

for controlled sampllng of sediments and rocks In the deep sea. 

After varlous pretests of components and shallow water trials, the final clamshell grab 

was then successfully tested at 950 - 1,760 m In the Red Sea and at 2,680 m in the 

Medlterranean Sea (Febr. and March 1984). Thus, GARIMAS 1 was the grab's first 

m!sslon for non-testlng purposes and Its first one in rocky, hostlle seafloor environment. 

The grab successfully accomplished Its task and recovered for the first time rocks 

from the deep ocean floor. 

9.4.1 Description of the Grab System 

Baslcally Its mechanlcal lay-out Is slmllar to common clamshell dredges. However, 

its c10sing mechanlsm to achleve high cuttlng forces, the shape of jaws to realize 

a neutral grabllne (for not dlsturblng any sediment sampies) as weil as Its drlving are 

the maln components that have been newly deslgned. 

All components of the steel constructlon - each one zlnc-plated to mlnlm!ze corrosion 

- are bolted and may easlly be demounted by means of few tools avallable on board 

In order to facilitate maintenance or repair work. 
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The two jaws are opera ted by two hydraulical differential cylinders made out of stalnless 

steel. A proceeding version of the grab was equlpped wlth a pneumatlc closlng system. 

However, thls prlnclple Is not sulted fOi de~p sea applicatlons, but reasonably used 

down to a depth of some 500 m only. An electrohydraulic drivlng unlt has therefore 

been developed. The unlt Is pressure-compensated and centrlcally placed rlght above 

the jaws, protected agalnst any damage by 10 mm steel plates. 

The direct current electrlcal motor Inside the ollhydraulic equlpment Is capsulated 

under keros~ne for reduclng frlctlonal losses and for Isolatlng reasons. 

The power supply is realized by two zlnc-Iead-batterles speclally revlsed to wlthstand 

submerged service at great depths. 

The TV-monltorlng system basically conslsts of 

a black and whlte low light level video camera; 

two flood lights and one spot light; 

aserial working bldlrectional telemetry transmission 

and a control center wlth :me monitor on board. 

The wlde angle camera wlth an automatie focus Is symmetrleally plaeed between 
2 the jaws and covers an observation area of some 25 m when movlng over the sea-

floor at a 2.5 m dlstanee. High resolution (500 lines) as weil as Its high sensltivlty guarantees 

good vlsuallnspeetlon of geologleal formations. Once the jaws are closed after sampling, 

the eamera vlsualizes the grab's content, thus provldes the Information before returnlng 

on board whether sampling has been suceessful or not. This way, expensive down-time 

of the vessel may be avolded. 

Control facllitles provlde two different modes of worklng. The first one belng the normal 
one, when eommands tor jaw operation (eloslng or openlng) as weil as for IIghtnlng 

are submitted from the eontrol center on board the vessel. Once the data link breaks 

down the system automatleally swltches to an automatie or emergeney mode: One 

flood light is turned on and the jaws elose or open respeetively after a soll eontact 

of more than 20 seeonds. 
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9.4.2 Operation of the Deep Sea Grab 

The grab is handled over the ship's stern ramp by means of the A-frame and then 

released In opened condltlon at a speed of some 80 m/mln. After havlng reached 

the seafloor (1,700 - 2,900 m In the Inspected area) lightning is turned on and seafloor 

observation may start by slowly movlng above the ground at 1 m/sec accordlng to 

the shlp's headlng. Dependlng on the dlstance between the sea bottem and the grab, 

whlch Is roughly measured by a chaln hanglng freely vertlcal below the grab the track 

to be inspected ranges between 2 and 8 m. 

Once a target has been detected sampling is only posslble If the target Is rlght below 

the grab as any steerlng Is absolutely impossible. After soil contact cable has to be 

released untll the grab is closed because the shlp keeps drlftlng. Durlng thls critlcal 

phase of almost 30 sec It may happen (and It actually occurred twlce) that the grab 

overturns, entangles the rope and damages the cable. 

If sampling has not been successful, jaws may be reopened on command and sampling 

may be repeated. Dependlng on the number of closlng and reopening actlons, there 

Is enough energy avallable for missions of 4 to 8 hours. 

Heavlng the grab Is perfermed at less than 50 m/min limlted due to chemlcal degasification 

of the batteries. 

9.4.3 Maintenance 

After each mission varioLls components always have to be checked 

state of charge of batteries 

Voltage and current are measured during openlng of jaws. If those values fall short 

of certaln limits, both batteries, each one havlng a weight of some 70 kg, have 

to be replaced by a new set and recharged for about 12 hrs. Due to easy handling 

facllitles, battery exchange lasts rnerely some mlnutes. 

On the average, depending on time and number of samplings, some three missions 

could be performed wlth one set of batterles. 
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denslty and quantity of battery acid 

Durlng decompresslon of batterles whlle surfaclng, gas removes from the acid 

and escapes through special valves. However, it may happen that also acid Is 

entralned or even seawater penetrates and dllutes battery cells. Usually the denslty 

Is checked by means of an aerometer and leavlng acid Is replaced. 

dlaphragm for oll and kerosene pressure compensatlon 

Because of cooling down from roughly 30°C (on board) to 1°C (near the bottom) 

as weil as because of the envlronmental hydrostatlc pressure of some 300 bar, 

the volume of oll and kerosene wlthln the hydraullc unlt is dlmlnlshed which is 

compensated by 6 dlaphragms. Thls reductlon of volume turned out to be in the 

order of magnitude of 2 - 3 I. In order to ovoid any entrainment of sea water the 

dlaphragms had always carefully to be inspected because they could be damaged 

by smalI, sharp chips of hard basa!tlc rocks. 

9.4.4 Results and Conclusions 

Generally the grab worked almost satlsfactorlly. In splte of some fallures the devlce 

performed 29 emissions with a total time of submergence of more than 100 hrs and 

recovered about 5 tons of rocks and sediments, Includlng one ton of massive sulphldes. 

Mechanlcally, the grab worked perfectiy, though one experlenced that still a few 

components mlght be Improved: 

dlaphragms turned out not to be reslstant agalnst UV-light; 

some parts of the pressure compensatlng system on top of the batterles were 

oxidlzed by battery acid; 

the encapsulation of battery poles needed to be Improved as some seallngs leaked 

and caused creeping currents. Additionally, leaklng oll formed bubbles, floated 

around the camera and sometlmes deterlorated the vlew on the sea floor; 

leakage of battery acid due to degasiflcatlon must be avolded as It represents 

a permanent danger to operating and sclentiflc statf; 

handling of heavy batterles may be further tacilitated by ergonomie improvements. 
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Electrlcally, fallure of the telemetry caused some trouble and downtIme. New types 

of plugs, different seallng of the telemetry box and avolding creeping ciments by 

a modlfled Insulatlon of battery cells may be the most strlking improvements that are 

necessary to Increase the efflclency of tlle grab. 

Concernlng the performance of sampling and geologlcal observations the grab operated 

weil. Nevertheless on a long term rallge one should alm at findlng reasonable technical 

solutions for: 

heave compensatlon, as vertlcal oscillatlons induced by the movement of the 

vessel renders observations difficult under bad weather condltlons; 

detectlng steep slopes just in front of the grab In order to avold crushlng; 

avoldlng the cable to get entangled wlth the grab. 

Extensive and expensive modlflcatlons would therefore be necessary, however. 

9.4.5 Technlcal Data 

dimensions 

width 
helght 
depth 
welght In air 

drlving 

electrical motor 
hydraullc worklng pressure 

power supoly 

zinc-Iead batteries 
capacity 

operation 

max. depth 
cutting force 
penetratlon 
closlng time 
content 
sampling area 

open 

2,1 m 
3,05 m 
1,30 m 
2,9 t 

34 W at 24V dc 
220 bar 

2, 4 stand by 
230 Ah 

10.0üO m 

closed 

1,95 m 
2,40 m 
1,30 m 

35 KN ~ 3,5 t (Independent of eepth) 
max. 0.7 rn 
20 se5 
0.8 m 
1.05 x 2.0 m 



ELECTRO-HYDRAULIC 
GRAB SYSTEM 
with TV • • monltorlng 
Electro-hydraulic Grab System wlth TV Monltorlng 

Fig.:9.4. 

The grab system Is speclally deslgned for exploration and taklng of sampies In hard rock sediments. 

This requires an extremely powerful drive force to crush rocks caught between the jaws in order 

to ensure a fully closed grab after sampie taklng. Theiaws are provlded wlth teeth to break and 

colleet the sediment. Four large flaps allow analysis and photography of the sedIments prior to 

openlng the grab forsample taklng. The grab is driven by an electrohydraulic power pack havlng 

a battery power supply wh ich can be changed wlthout the use of tools In less than aminute. 

A black and white TV-system allows the observation of the sea floor and ass1sts the operator in 

decidlng where to take a sampie and whether the taken sampie Is good. Sould It be necessary, 

the grab can be reopel1ed on the sea floor in preparation to take a new sampie. Thls saves a lot 

of expensive shlp 's time and makes sampllng more efficient. 

Techn lcal Data: 

CapacIty 
Penetration up to 
Cutting Force 
Operating Depth 
Weight in air 
Battery Power supply 

I •• 1 ••••• 
2 "." •• y p.,k 
3 .41-.1111"1 .I •••• t. 
4 "y".nll, p •••• p.,k 
5 lV-.y .... 

o 8 ~3 , 
0,7 m 
3,5 t 
unll!"llited 
2,9 t 
12 V 



- 85-

9.5 TV Spider Grab 

As a second TV grab (for redundancy reasons) was not yet avallable (though under 

constructlon) a simple mechanlcally worklng grab for rock sampllng has been constructed 

by Preussag Offshore Engineering. It should actually be tested and applied only In 

ca se of loss of the TV-grab or If long down time of the grab should delay the preset 

program. 

The design based on a steel frame which had prevlously been used as rlg for soll 

mechanlcal Instruments. Below thls frame, .3 grips have beer. hlnged bolted and biased 

in horizontal position. Once mechanlcal released by soll contact, these grips should 

be able to selze large blocks on the seafloor. Due to lack of any hydraullc drlvlng 

reopening of grips was impossible. 

By means of a TV-system the grips, the releaslng mechanlsm as weil as the soll sampie 

could be observed durlng the whole mission. 

After having approved Its mechanlcal functlon on deck, the TV-splder grab has been 

launched twlce. Sampllng has never been successful, however. 

It proved extremely dlfflcult to place the grab rlght above a selected sampie and to 

selze blg blocks wlthout losing them whlle lifting. 

Thls Is why reopenlng of grips is absolutely essential for successful sampllng. The further 

development of a purely mechanlcal worklng devlce has therefore been glven up. 

Instead a new hydraullc version wlth 6 grips (slmllar to the type of orange peel buckets) 

will be deslgned, based on the experlence that has been galned durlng the development 

and testlng of the electro-hydraullc TV-grab. 
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9.6 Dredge 

During 53 stations a rock dredge to recover hard rocks, Includlng massive sulfides, 

was used. 

The dredge conslsts of a 100 x 40 cm rectangular mouth, a thlll and a 130 cm long 

chaln bag (40 mm mesh), with a 10 mm mesh net inserted. The total welght Is 275 

kg. The dredqe is preceded by a swlvel whlch in turn Is connected wlth the end 

of the bag by a 4 tons safty wlre. 

The dredge was mostly operated at the starboard slde,. uslng the 18 mm wlre of the 

fIshing wlnch. A plnger was mounted 200 m above the dredge. 

In general, the drege was lowered to the seafloor wlth the wlre In vertlcal position. 

After arrival at the sea floor, the shlp moved apart until the wlre was In a 300posltion. 

Subsequently the movement of the dredge was controlled by the wlnch operator. 

In some cases the installed Atnav transponder array was used for the pOSition deter-

mination of the dredge, uslng a sub-transponder fixed to the wlre 190 m above the 

dredqe, and 10 m below the plnger. Several tImes, the dredge was flxed to rocks 

In the extremely rough zero-age volcanic terrain, but could be freed by adequate 

shlp operations. However, two dredges went lost. 

9.7 Reineck Box Corer 

In order to recover undlsturbed surface sediments for geochemlcal investlgatlons, 

a co~ventional box corer of the Reineck type was used. The dimensions of the -

stalnless steel frame are 2,80 x 1,77 x 2,30 m (helght), Its welght Is 160 kg. 10 lead 

welghts totalllng 500 kg were avallable. The boxes used have a cross sectlon of 

40 x 20 cm and a length of 60 cm. 

The Reineck corer was handled at the starboard slde, uslng the fishing wlnches. 

A pinger mounted 30 m above the corer controlled the bottom approach. 

Most coring stations yielded full core boxes. 
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9.8 Analytical Equlpment 

The maln Instruments of the analysis center used durlng GARIMAS 1 was the Phlllps 

PW 1410 x-ray fluorescence spectrometer for quantitative work, and the Phlllps 

PW 1965/60 proportional detector used to identlfy minerals by x-ray dlffraction. 

Complementary Phlllps equlpment are: 

Generator PW 1120/90 

Automatlc Interface PW 1425 

Channel control PW 1390 

Programmer PW 1395 

Motor control PW 1394 

Single pen recorder PM 8203 

Goniometer supply PW 1373 

Hewlett-Packard9815 A desk top calculator Is used to operate the analytlcal equlp-

ment In automatlc measurement mode. 

Supplementary equlpment are: 

Stereoscoplc mlcroscope for sam pie examinatIon 

Disc mlll for sam pie grlndlng 

Mortar and pestle for sam pie preparation 

Hand held balance for sampie welghlng 

HydrauJlc Press for sampie pelletlzlng. 

9.9 Computers 

Durlng crulse SO 32 several computer systems have been used. Some of them belong 

to speclflc exploration systems, ~uch as the satellIte navigation, Atnav navigation, 

Deeptow and Seabeam. They are not descrlbed here. The followlng two systems 

were used for data reductlon and presentatlon. 
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9.9.1 VAX-11/750 

The newly installed main research computer-system conslsts of the followlng maln 

components (fig. 9.5): 

- VAX-11/750 central processor unit (CPU) with 3 MB memory 

- dual disc-drive 2 x 70 MB 

- 2 tape drives 800/1600 bpl selectable 

- 3 CRT -terminals with graphie option 

- printer terminal with graphie option 

- line printer 

- 3-pen calcomp plotter 

- data acqulsition system: Interfaces for parallel and serial data transfer 

- scientific and qraphlc software fibrary. 

The main purpose of this system was to collect and interpret navigation and bathy-

metric data, and to support the cruise management. 

9.9.2 PDP-LSI-11/23-Syst~m 

The Microcomputer PDP-LSI-11/23 wlth Its peripherical devices is deslgned as a 

multl-purpose computer for flexible applications on different crulses and shlps. The 

computer system consists of 

the central processor unit (CPU) with memory-handler, 256 Kbyte memory, 

4 serial interfaces and fine-time clock, 

one double flo ppy dlsc unit (external memory, 1 Mbyte), 

one line-printer wlth hard-copy facility, 

one 1/2 inch magnetic tape unit wlth selectable 800 or 1600 bpl recording 

denslty (spool diameter 8 inch), 

, - one plotter (paper size A3) providing 8 different colour or pen slze possi-

bIlitIes, 

one video-terminal with graphie screen. 
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The computer works wlth Fortran 77 and Calcomp plot routines. Fig. 9.6 shows the 

configuation of the system. 

During the Garimas cruise the system was used for 

data storage on 1/2" magnetlc tapes, 

online plots during measurement, 

da ta pre-processing and reduction. 

The system was applied for the data handling of Multlsonde-, current meter- and 

Deeptow measurements. 
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FIG. 9.6 COMPUTER SYSTEM USED FOR THE REGISTRA TION AND PROCESSING 

OF OCEANOGRAPHIC DA TA DURING SO 32 
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9.10 Damages and Losses 

Durlng crulse SO 32 the folJowlng equlpment losses and major damages occurred: 

15.05.84 

17.05.84 

19.5.84 

27.5.84 

30.05.84 

01.06.84 

02.06.84 

06.06.84 

12.6.84 

22.6.84 

Station 11 GTV 

Telemetry box of the TV grab flooded through damaged plug. 

Station 19 D 

Chaln dredge includlng swivel sheared off at boftom and lost. 

Station 25 FS 

Lid of battery box lost and one TV bulb imploded; 70 m of TV cable 

damaged and removed. 

Station 50 GTV 

Cable stopper damaged. 

Station 66 GTV 

Cable entangled In TVgrab, partly damaged. 

Station 76 FS 

Benthos flash unlt damaged by entrance of seawater through the cracked 

bulb protection. 

Cable tension measurement unit worn out. 

Atnav computer breakdown. 

Sta tion 90 FS 

One Hydroproducts flash box flooded. 

Station 105 MS+H 

One reversal thermometer Includlng housing torn off. 

Station 121 MS+H 

Damage of multiple water sampier unit du ring handling. 6 I\!iskln sampiers 

damaged. 

Station 124 GTV 

Pole houslng of TV grab battery flooded through a Slingsby plug. 



.30.06.84 

04.07.84 
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Station 162 D 

Dredge fixed at bottom. 2550 m cable, swivel, Plnger and chaln dredge 

lost. 

station 182 GTV 

Telemetry box of TV grab flooded. 

Part of the damaged equipment could already be reaplred on board. 
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10. LOGISTICS. TRANSPORT. SUPPL Y AND COMMUNICA TlONS 

The opportunlty of the passage of MS Sonne through the Medlterranean Basln was 
used to load most equlpment and material destinated for crulse GARIMAS 1 already 

In Athens and Malta. Food supply was taken over In Cadlz prior to the Atlantls passage. 

Last air frelght was recelved on May 9th In San Crlstobal. Panama. Next day. tollowlng 

the passaqe through the Canal 480 tons of fuel were taken over In Balboa. 

The next short port call was In Academy Bay. Sta. Cruz. Galapagos, on May 23, 

due to a mlnor accldent. to replace one technlclan. The offlcial call at the same 

place was on June 6. Air trelght contalning spare parts was recelved and personnel 

exchanged. 

The maln port call, however, was on June 19/20 In Guayaqull. One container had 

arrlved trom Hamburg which Included material for a new TV grab and 4 boxes air 

trelght wIth spare parts trom Germany and the USA. Some people were exchanged 

and a vold container taken over tor the transport back trom Panama. 

The final port was Balboa whlch was reached on July 8th and lett tor Honolulu next 

day. The GARIMAS personnel dlsembarked. One box Jett Panama per air trelght; 

the remalnlng equlpment and material was shlpped In two 20 ft. containers to Hannover, 

where they arrlved on August 31st. 1984. 

Durlng the crulse there was a good communlcatlon by telex and phone wlth the 

company ba ses In Hannover and Berkhöpen, wlth equlpment suppllers In Europe 

and USA. and wlth the agents In Panama and Guayaqull. 

Most communlcatlons went via San Franclsco Radio. 

The agent In Panama was: 

Wllford Be McKay S.A. 
Edlflclo Portuarlo 
Apartado 782 
BaJboa/Pa~ama 
Telex RCA 8811; phone no. 62-4956 

Tiie agent In Guayaqull was: 

Transoceanlca CJA Ud. 
P.O.Box 1067 
MaJecon 1401 
Guayaqull/Ecuador 
Telex 3371, 3641; phone no. 511360. 
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11. PROGRAM PERFORMANCE 

11.1 Morphologlcal and Structural Mapplng 

The scattered occurrences of hydrothermal actlvlty and metal formation along mld-ocean 

rldges requlres detalled mapplng efforts before startlng wlth time consuming and expensive 

station work. Due to Iittle sediment cover in the neo-volcanlc zone the seafloor morphology 

fairly weil reflects the forces presently active in the area. Constructural features IIke volcanic 

cones can be recognized by circular to lobated outlines of morphologlcal hlghs, whlle young 

faults are Indicated by steep, linear escarpments whlch usually trend in the directlon of the 

ritt. The records of the stabillzed narrow-beam echo sounder ("Schelfrandlot") even allows 

to recognlze the dlrection of dipping of the faults which in turn statlstlcally indlcates the 

directlon towards the rift axls. 

The early recognition of the axis is of paramount importance, slnce most easily accesslble 

hydrothermal products are found within the zero-age zone. 

The most efficlent mapplng tool available on R/V SONNE is the Seabeam system which pro duces 

on-Une bathymetric maps at a swathe wldth whlch corresponds to about 0,8 limes the water 

depth. These maps are supplemented by the records of the stabillzed narrow-beam echo soun-

der running at 20 or 30 kHz, which present a more precise plcture of steep slopes, high peaks 

and narrow holes. 

The third instrument usually running during mapplng is the 3,5 kHz subbottom profiler. 

Normally designed to measure the thickness and layering of the uppermost 30 - 100 metres 

of sediments, within the neo-volcanic zone ist is used to In dicate trends in sediment cover 

which result in achanglng reflectibility. 

Within the survey area, morphologlcal maps (1:20.000 and 1:50.000) were available 

only from the De Steiguer Deep and the axial zone between 85°35'W and 86°/4'W 

which were produced during Sonne cruise 22 (GEOMETEP 2) and 26 (GEOMETEP 3). 

A number of Isolated profiles followed the Galapagos Ritt axis from De Stelguer Deep 

to the Galapagos Fracture Zone. During cruise GARIMAS 1 additional profiles were 

run along and across this seetion of the GR allowing for a rather precise position of 

the spreading axis. A detailed map was produced of a small area at 95°W which showed 

abundant Indlcations of ongolng hydrothermal actlvlty. 

The GR between the Galapagos FZ and the detail study area at 86°W was surveyed for the 

first time during GARIMAS 1. At most places the rlft axis could be located as weil as major 

disturbanees. Some additional profiles and ground checks will be required. In the 86° detail 

survey area a number of supplementary profiles were run to extend and improve the 

existlng map. To get the best out of both "Seabeam" and "Schelfrandlot".systems in the 

locatlons A and B areas a new 1:10.000 map wlth 5 m contour intervals was produced 

from new closely spaced profiles based on the Atnav navigation system. 
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11.2 Water Sampllng and Physlcal Measurements 

11.2.1 Water Sampllng 

The geochemical propertles of seawater and Its suspended maUers are Important Indl-

cators for hydrothermal actlvlties at the floor of the ocean. For thls reason a wa ter 

sampling program was carrled out on selected positions along the Galapagos Ritt to 

determine characterlstlcal hydrothermally orlglnated constltuents in sea water and 

suspended matter. 

21 water sam pies were recovered from 10, 500, 1000, 2000 meters water depth and 

above the boftom using the rosette water sam pier equlpped wlth 10 Niskln bottles 

each wlth 5 I sampllng capacity. In general 40 I were recovered from every sampllng 

depth. The sampies were taken at 13 different stations. On each station a vertlcal 

Multisonde profile was recorded. 

The sampllng positions were selected uslng the information derlved from structural 

mapplng and from bottom observations which were carried out with the photo siedge. 

A compilatlon of water sampllng station data is presented in Table 11.1. 

The water sam pies were flltered on board applylng for one portion a 0.45 J.I membrane-

filter and for the other portion a glass fibre-filter (GF Jc Whatman). Analyses on filter 

and filtrate will be done at Hamburg University. 

11.2.2 MultIsonde Measurements 

The detectlon and discovery of hydro thermal anomalies along the Galapagos Ritt was 

one of the main tasks of the Garimas 1 cruise. Beside geothermal, geochemical, hydro-

chemical and photographical methods the measurement of hydrophysical parameters 

is one of the most effectlve techniques to delect such hydrothermal anomalles. For 

thls purpose the Multisonde was applied for vertlcal and horizontal proflllng wlthln 

the deeper water portions above the Galapagos Rlft. Additlonally, the MultIsonde measure-

ments provided essential information about the whole water column (e.g. sound velo city 

data to callbrate the Seabeam measurements). 

Mounted into the photo siedge, the MultIsonde was used for horizontal proflling and 

to trigger the photographic devlces. Addltionally to the 13 stations IIsted wlthin Tab. 

11.1 three other Multisonde profiles were carrled out durlng the first leg of Garlmas I 

(see Tab. 11.1). 

The Multisonde used during Garlmas I provlded the posslbillty to measure 7 different 

hydrophysical parameters. Out of these the temperature and the light attenuation 
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are of special Interest, when searching for hydrothermal anomalies. 

The temperature probe failed durlng the first tour rneasurements. It was replaced by 

a very slmllar probe from the Bathysonde. The relative accuracy of thls probe was 

as good as that of the original probe. Its absolut accuracy was about ±.0.02°C. Thls 

was tested by maklng parallel measurements wlth reversal thermometers. 

Due to an unrepalrable fallure the dlssolved oxygen probe dld not furnlsh any measure-

ments. Unfortunately, also the light attenuation showed mlsfunctlons durlng the first 

5 measurements. The probe could be repalred. From station No. 120 MS+H until the 

end of the crulse tlle sound velocIty probe falled to work. 

A short pre-evaluatlon of the on board processed measuring da ta dld not reveal any 

anomaly of measurements, but further evaluation will be done uslng the more com-

prehenslve facilltles avallable in the ho me laboratorles. 

11.2.3 Current Measurements 

Explorlng hydrothermal anomalIes at the ocean floor, the knowledge about the deep 

ocean currents ls of major importance. Especlally the transport of hydrothermal effluences 

Is of g~eat Interest. A current meter was moored together wlth a transponder of the 

underwater navigation array. It was suspended over i'l period of 39 days. The whole 

set of station data Is presented withln the station record (Tab. 11.2). 

A short pre-processing of the recorded data showed that the Instrument worked wltholJt 

failures. 

Some first selected data gathered from the Multisonde and current meter measure-

ments are presented withln Chapter 11.8 of thls report. 



,. 

TAB. 11.1 OCEANOGRAPHIC STATIONS 

STAT. NO. DATE POSITION WATER DEPTH RECOVERY DEPTH MAX.MEAS.DEPTH REMÄRKS 
SO-32 

1 MS 13.05.84 1 19.600 2820 m 2820 m Temp., 02,L.A. defect 
85 27.300 

15 MS 16.05.84 o 44.926 2786 m 2580 m Temp., L.A. defect 
85 55.028 

93 FS-tMS 09.06 . 84 2 17 .87 2161 m 2158 m O2 , Temp., L.A. defect 
93 05.41 

104 MS+H 12.06.84 2 30.723 2637 m 2630,2620,2610,2600, O2 , L.A. defect. 45 1 recovery 
95 19.309 2590,2580 ,2570,2560, 

2550 m 
105 MS+H 13.06.84 2 36.558 2623 m 2000 m Temp., 02,L.A. defect. 40 1 recover) 

94 55.285 
109 MS+H 13.06.84 2 36.732 2662 m 500 m O2 , L.A. defect. 40 1 recovery 

94 56.025 
111 MS+H 14.06.84 2 38.100 2623 m 10 m O2 , L.A. defect. 40 1 recovery 

94 56.600 
I~ 115 MS+H 14.06.84 2 35.700 2587 m 1000 m O2 , L.A. defect. 40 1 recovery 

94 50.000 
120 H 22 . 06.84 o 45.934 2580 m 10 m 45 1 recovery 

85 53.887 
121 MS+H 22.06.84 o 45.832 2540 m 500 m O2 , SV defect. 35 1 recovery 

85 54.035 
131 MS+H 24.06.84 o 45.856 2488 m 1000 m O2 , SV defect. 35 1 recovery 

85 54.913 
132 MS+H 24.06.84 o 45.754 2562 m 500 m O2 , SV defect. 35 1 recovery 

85 54.671 
138 MS+H 25.06.84 o 45.799 2497 m 2000 m O2 , SV defect. 40 1 recovery 

85 54.726 
167 MS+H 01.07.84 o 46.008 2580 m 2525 m O2 , SV defect. 45 1 recovery 

85 54.896 
178 MS+H 03.07.84 o 45.810 2592 m 2589,2554,2041,1532, O2 , SV defect. 5 1 recovery per 

85 54.656 1021,509,105,53,13 m sampli ng depth 
185 MS+H 05.07.84 o 46.077 2580 m 1500, 1000, 150, 20 m O2 , SV defect. 5 1 recovery per 

85 55.169 sampling depth 
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TAB. 1-1.2 

RECORO CURRENT MEASUREMENTS 
RESEARCH VESSEL : SONNE 
CRU ISE : SO - .32 Garimas 1 

I STATION No.: SO - .32 - 002 es 
~A AREA . Galapagos Rift 

85° Area 
PROTOCOL . J. Post 

CURRENT METER MOORING + 
CURRENT METER PROFILER -
SURFACE DRIFT BUOY -
UNDERWATER DRIFT FLOAT -

1. 2. 
SU SP ENDING RECOVERING POSITION CHECK POSITION CHECK 

DATE : 13.05.84 
START OF OPERATION 12.50 
REACHING OP DEPTH .13.40 
END OF OPERATION 13.09 

I LAT N 00 ° 45.71 ° , ° I 0 , 
POSITION I LONG . W 85°53.17 ° I 0 , 0 , 

WATER DEPT H ( m I j ( ml _im) (m) 
ECHO SOUNDER (UNCORRJ - I 

MATTHEWS CORRECTED 2320 
BRINE CORRECTED -
WIND SPEED kn 11 
WIND DIRECTION q,( 210 
SEA STATE m 1.0 ---_ .. 
SWELL m 1.5 -
CLOUDINESS )(/8 6 I 

CURRENT METER 1 2 3 4 5 6 7 8 
INSTRUMENT No. 6742 
REC. START DATE 13.05.84 

TIME 13.05 
RECEND DATE 22.06.84 

TIME 11.15 
OPERATION DEPTH 2210 

. REMARKS · The selected recordlng interval was 5 mlnutes. 

Time is recorded in local time. 

PREUSSAG AG, DEPT OF MARINE TECHN OLOGY . HANNOVER, FED. REP GERMANY 
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11.3 Visual 5eafloor Investiga tions 

\, 

Visual instruments to inspect the seafloor available during crulse SO 32 were television 

cameras mounted In the photo siedge, in a tripod and the TV-grab, and photo cameras 

for 24 x 36 mm films. These methods proved to be very usefuf to identify the nature 

of morphologlcal features, to estimate the relative age of the oceanic crust through 

its sediment cover, to find places with hydrothermal actlvity and products and to recognize 

faunal elements and distribution patterns. 

Usually locations for vfsual observations were chosen on the basis of bathymetrlc 

maps or at least a 5eabeam swathe. In prospecting areas only the photo sledge was 

used for the purpose. Generally the comblnation of TV and photography was applled. 

Only once the TV was replaced by the multisonde, and the camera was released by 

bottom tough of a messenger weight, to be able to react immedlately when heat anomalies 

would be reglstered by the multisonde. Normally, however, the seafloor was observed 

contlnuously by TV, and the camera released manually. Thus overlapplng photos could 

be shot at Important sites, and recording rates could be reduced in uniform environments. 

Good plctures were obtained at bottom dlstances between 3 and 10 metres. 

Off bottom the position of the sledge was controlled by plnger signals whlch determined 

the distance to the ocean floor. Typlcal photo profiles were about one nautical mlle 

long. After termination of the station or after completing one 30 m film, the latter was 

developed Immediatelyon board. With the exceptIon of 2 negative films, all photos 

produced durlng GARIMA5 1 are sUdes. 

A total of about 22,000 usable bottom photos were made. Whlle the interpretation 

of the black and white TV records is dlfflcult and ambiguous, the photos clearly show 

the nature of the seafloor. In a data field on each photo the followlng information 

is presented: first row: hours, minutes; second row: seconds, days; thlrd row: bottom 

dlstance in metres up to 9,9 m maximum. The results of photographlc stations occupied 

.durlng cruise SO 32 are summarized in Table 11.3. 

Outside the photo stations, TV observation was malnly used to select sampie points. 

For this purpose the TV grab was slowly moved over prospectlve areas. Outside the 

neo-volcanlc zone of the rlft this operation was rendered dlfficult by sediment tur-

bldity in the water caused by the up and down movement of the instrument. In the 

main worklng area objects to recover are partly buried by unconsolldated sediments. 

Discrlmination between sulfides, breccias and certain types of ponded lava requires 

much experlence. 

The total number of TV profiles obtained durlng GARIMA5 1 Is 96, 64 of whlch were 

comblned with photographing. 



TABLE 11.3 

STATION NO. 

09 
16 
21 
23 
24 
25 
32 
33 
36 
37 
38 
40 
41 
42 
43 
44 
45 
52 
53 
56 

64 
(69) 
76 
84 
87 
88 

89 
90 

93 
94 
97 

98 

99 

101 
103 
107 
110 
112 
114 
116 
118 
119 
122 
126 
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GARIMAS 1 (SO 32) 

LIST OF BOTTOM PHOTOGRAPHIES 

RECORDING TIME 

15.05. 02.05 - 04.46 
16.05. 14.48 - 21.14 
17 .05. 15.01 - 16.17 
18.05. 15.34 - 16 . 45 
18.05. 21.47 - 23.07 
19.05. 08.24 - 10.54 
20.05. 14 . 55 - 17.07 
20.05 . 20 . 27 - 22.31 
21.05 . 15.41 -17.45 
21 . 05 . 22 . 48 - 23 . 41 
22.05. 04 . 14 - 04.57 
22.05. 20 . 20 - 21 . 07 
24.05. 14 . 23 - 15.36 
25.05. 00 . 46 - 02 . 21 
25 .05. 07 . 14 - 07 . 32 
25.05. 15 . 23 - 16.26 
26.05. 02 . 33 - 04.1B 
27.05. 05.04 - 07.59 
28 .05. 11 . 19 - 11.57 
28.05. 23.40 - 00.41 
30 .05. 14 . 10 - 16.24 

01.06. 10.14 - 11.36 
03.06. 17 . 45 - 19.21 
04.06 . 14 . 25 - 16.51 
04.06. 23.25 - 03 . 03 
05.06. 17.12 - 19.00 
08.06. 20.01 - 21.57 
09.06. 15. 36 - 16.29 
10.06. 
10.06. 
11.06. 
11.0b. 

11 .06. 
12.06. 
13.06. 
13.06. 
14.06. 
14.06. 
15.06. 
16 .06. 
16.0b. 
23.0b. 

24 .06. 

01.56 - 03.14 
21 .37 - 22. 1 5 
00.45 - 01.28 
12.23 - 12.52 
18.46 - 21.54 
16.18 - 18 . 08 
12.57 - 15.41 
22.47 - 23.23 
04.57 - 06.57 
16.37 - 18.42 
00.19 - 02.40 
02 . 48 - 04 . 27 
17 .39 - 21 .33 
05.33 - 10.57 
05 . 23 - 07 . 08 

NO. OF PHOTOS 

726 

708 
726 
124 
126 
675 
711 
728 

714 
144 
179 
190 
244 
484 
105 
284 
341 
749 
221 
474 
319 
005 
285 
385 
456 
401 
261 
217 
128 
202 
120 

074 
056 
444 
202 
314 
045 
135 
388 
335 
339 
410 
722 
415 

F 

F 

F 

F 

F 

C 

F 

F 

F 

F 

F 

C 

C 

C 

C 

C 

C 

C 

C 

F 

F 

C 

F 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

REMARKS 

T: 04.05 - 06.34 

+ statistical 

about 50% of track photographies 

T: 28.5., 17.49 - 19.28 
T: 28.5., 23.22 - 00.41 
T: 29.5., 18.36 - 20.41 
T: 30.05.,01.44 - 02.37 
T: 30.05., 07.10 - 07.51 
T: 30.05., 23.16 - 00.03 

T: 1 2.11 - 1 2 .26 

from 23.47 no data field 

at 500 m break down of telemetry 
flash failure, underexposed 
poor quality 
11 

11 

poor quality 
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TABlE 11.3 continued GARIMAS 1 (SO 32) 

lIST OF BOT TOM PHOTOGRAPHIES 

STATION NO. RECORDI NG TIME NO. OF PHOTOS REMARKS 

127 24.0b. 09.37 - 10.31 33b C 
133 25.0b. 01.07 - 04.12 74b C 

141 2b.Ob. Ob.41 - 08.37 241 portly poor quality 
143 2b.06. 19.05 - 19.55 lOb C 

144 27.06. 00.30 - 01.17 118 C 
155 27.06. 00.10 - 01.1b 118 C 
145 27.06. 04 .46 - 07.24 235 C 
149 28.06. 04.35 - 05 .35 075 C 
150 28.0b. 08.13 - 10.02 1 b2 C 
151 28.0b. 20.08 - 23.05 744 C 
153 29.0b. Ob.59 - 09.04 310 C 
154 29.06. 11.17 - 12.1b 40b C 
155 29.06. 18.19 - 19.59 533 C 
15b 29.Gb. 23.19 - 00.45 216 C 

163 01.07. 02.48 - 07.22 bOl negative film 
1 b9 02.07. 01.52 - 02.22 ObO C T: 01.02 - 01.1b 
172 02.07. 17 .38 - 20.42 454 C 
173 03.07. 02 • 27 - 03.53 143 F 

177 03 .07. 19.34 - 22.54 747 C 

180 04.07. 14.03 - 15.57 295 C 

181 04.07. 21.05 - 00.27 456 C 

184 05.07. 14.0b - 22.30 743 negative film 

186 Ob.07. 01.5b - 04 . 12 748 C 

C = working capies, original un-cut 

F = original framed 

T = time on photos not corresponding to ship's time 

---
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11.4 Sediment Sampling 

Durlng GARIMAS 1 only 16 stations were devoted to sediment sampling. Thls sub-pro-

gram started already in 1980 wlth Sonne cruise 12 (GEOMETEP 1), wlth the alm of 

recognlzlng hydrothermally actlve sections of the spreading centre through metal 

dispersion halos. To compare Identlcal strata, the Reineck box corer was used for 

sampling the uppermost 40 cm of the sediment column wlthout disturbances CTable 11.4). 

14 corlng attempts ylelded sediment sampies. The station locations were placed in 

pairs north and south of the spreading axis to account for the effects of the residual 

current transport. The usua l sediments encountered along the eastern portion of the 

Galapagos Rift are foramln ife ral nanno oozes (FNO) wlth detrital and volcanogenic 

compon ents. The surface layer, in some cases representlng the whole recovered core, 

Is oxigenated and brown coloured. The manganese content Is increased by dlagenetlc 

transport from below. Deeper '5tratas are grey to olive coloured and represent a re-

duclng environment. 

11.5 Rock Sampling 

Rocks were sampled tor two reasons: first volcanic rocks could be investigated to 

detect alterations and precipitates orlginatlng from hydrothermal activity, and, secondly, 

metal sulphldes were recovered from known places. 

The maln Instruments used for rock sampling were dredges andTV grabs descrlbed 

in Chapters 9.4 and 9.6. 

Usually the sampie places were chosen on the basis of a tedonlc Interpretation of 

morphologlcal data uslng bathymetrlc maps or Seabeam swathes. Wlthln the Atnav 

navigation field, stations were also occupied as a result of the position determination 

of discoverles made on single photos. 

In reconnalssance areas dredges were opera ted up slope after the Instrument had 

reached the bottom and the ship had advanced about one mile. To dredge sulfides 

from a known fjeld, the dredge was thoroughly position ed within the fleld and sub-

sequently torn only a short distance across the seafloor. Usually the position of the 

dredge was controlled by a pinger mounted 200 m above the dredge. Withln the Atnav 

arraya subtransponder was also attached. The TV grab was only lowered at known 

sulphlde places. After reachlng the seafloor the shlP slowly moved across the prospective 

zone. The navigation was done uslng both Atnav ranges and Seabeam bathymetry. 



STATION NO. N W I WA TER DEPTH RECOVERY 
I 

(M) (CM) 

SO .32-91 GK 02°11.50' 92°5,64' 2240 .36 

SO .32-92 GK 01°58,20' 92°7,12' 2215 - I 
I 

SO .32-95 GK j 02°.39,66' 94°14,0.3' 2782 16- I 
SO .32-96 GK 02°25,77' 94°18,54' 2497 .37 r 

I 

SO .32-100 GK I 02°44,16' 95°1.3,09' .3097 .39 

I 
i 

SO .32-102 GK 02°.30,7.3' 95°19,5.3' 2.314 21 I 
i 

i I 

SO .32-106 GK 02°.30,.30' 95°1,28' 2699 
I 

i - i 
I ! SO .32-108 GK ; 02°41,2.3' 94°54,56' 2549 .38 I I 

SO .32-11.3 GK 02°.30,.35' 94°55,12' 2652 I 40 
! 

I I 
i I , 
I 

SO .32-117 GK i '01°59,72' 92°4,51' 2.306 .38 ! 
-

i SO .32-140 GK ! 00°4.3,74' 85°56,08' 27.35 I 200 9 
; I , [ SO .32-142 GK 00°5.3,27' 85°24,8.3' 2549 200 9 I 

: 
SO .32-146 GK 00°48,5.3' 85°54,81 ' 2781 40 

85°54,59' : 
, 

SO .32-147 GK 00°50,70' 2692 i 40 

SO .32-148 GK 00°40,45' 85°56,50' 2714 i 40 i 
! i SO .32-187 GK 00°45,07' 85°5.3,20' i 27.31 200 9 

\ , , , , \ , i 

TAB. 11.4 GARIMAS 1 (SO .32): SEDIMENT STATIONS 

DISTANCE FROM 
AXIS (KM) 

N 9,.3 

5 1.3,9 

N 11,1 

5 11,1 

N 1.3,0 

5 0,4 

N 10,7 

5 1,9 

5 11,1 

5 5,2 

N 6,5 

N .3,7 

N 8,.3 

5 11,1 

5 1,9 

I REMARKS 
I 
I 
I 

FNO 

I some basalt chips 
I 

i FNO, oxidlzed I 

i FNO, base reducing i 

! FNO, base reduclng 
I : 

I 
! ! FNO, oxidized ! 

i I I Sediment lost 
I 
, FNO, oxidized up to .38 cm 
I 

FNO, oxidized , , 
! 
! 

1 FNO, top oxidized 
, 
1 FNO, top oxidized 
, 

FNO; .3 attempts 

FNO; top and base oxidlzed 

FNO; base reduclng 

FNO; top oxidized (0-11 cm) 

FNO, oxidlzed, 
+ basalt glass e.hlps 
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Since all Investigated sulphlde occurrences were inactive and partly covered by sedI-

ments, recognition was not very easy. 

Therefore, followlng sampling a rock outcrop, t.he contents of the qrab were Inspected 

a few hundred metres above bottom after the sediments accompanylng the rocks 

were washed off. In case the rocks proved to be of volcanlc nature, the grab was 

reopened and the operation repeated. 

Durlng GARIMAS 1, a total of about 5 tons of rocks were hoisted to the surface, one 

ton belng massive sulphldes. 29 TV grab stations were occupled, and dredges were 

employed 53 tImes. 

11.6 Technlcal Tests 

Due to the Innovative character of some of the technlcal systems employed during 

GARIMAS 1 some shlp time had to be devoted to test operations. Usually, however, 

testlng was comblned wlth station work presentlng part of the research program~ 

In thls case, components of a new system were tested separately and exchanged 

from time to time. The TV-photo siedge, e.g., was fitted out wlth between 1 and 4 

strobe Iights in varying arrangements. Also different cameras and release mechanlsms 

were used. 

The main instruments tested during SO 32 were TV-photo siedge, deeptow, two TV-grabs 

and the spider grab. 
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11.7 Sampie Preparatlon and Analyses 

Water, sediment and rock sampies obtained during cruise GARIMAS 1 were described 

and subdivided into various serles already on board immedlately after recovery. Sedi-

ment sampies were stored in plastlc tubes and bags, rock sampies In plastic bags. 

Only a small portion of the analysis work was carrled out durlng the cruise, those 

mineraloglcal and chemlcal determinatIons whlch were necessary to guide the sampllng 

strategies. 

11.7.1 Seawater and Suspended Matter 

Water was collected at 1.3 stations. After taking a 50 ml sampie for phytoplankton 

determinatJons. The water (.30 - 50 I at one station) was subdivided into two portions, 

one passlng a membrane filter. The solids, after cleaning with destll!ed wa ter were 

used for mlcroscopy and determination of inorganlc components (maln constituents, 

metals). The acldified filtrate was stored for chemica! analysis as weil. 

The second half of the collected water was passed through a GF/C Whatman glass 

fibre filter. The sollds were destlnated for the determination of partlculate organlc 

substances, the filtrate, after adding 0,.3% mercury chloride, for the analysis of dissolved 

organlc carbon, nutriants and organ!c substances. 

11.7.2 Sediments 

From the 40 cm long square box core subsampies of equallengths were produced 

by punchlng It wlth circular plastic liners after executlon of pH and Eh measurements. 

No chemlcal analyses were made on board. 

11.7 • .3 Rocks 

Rock sampies (basalt, breccias, fresh and altered sulphldes and other hydrothermal 

products) were examined and described on board after recovery and subsequently 

sub-sampled for various determinatIons and tests. For chemical analysis, the Phillps 

PW 1410 x-ray fluorescence system comblned with the HP 9815 was used. 
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11.7 • .3.1 5ample preparation 

Each sampie was ground In the disc mill for .3 mine to ensure a consl!>tent grain slze 

from sampie to sampie. Groun d sampies were mixed with binding agents and further 

ground in the porcelain mortar and pestle to have a unlformly slzed mixt ure. The 

type and quantlty of binders differed; Borlc acid (1.5 g) was used for sulfide sampies 

(.3.5 g), and a commerclal brand, 50mar Blend (1 g) was preferred wlth basalt samp!es 

(4 g). The somewhat large amount of 5 9 was to make sure that there was always 

sufflcient depth for x-ray penetration. Pellets had salt back. Presslng was don e 

at 15 t. 

11.7 • .3.2 Calibra tion 

The Instrument had not been used for massive sulfide analysis prior to 50 .32, and 

its calibration and programming occupied the first week. 

A qualitative elemental scan !dentlfied what elements can be measured without inter-

ference and whlch analyticalline can be used for each element. The peak posItions 

for the selected Iines were then determined exactly to avoid inaccuracies that may 

have arlsen from slight shlfts from standard positions. Other operating variables 

like voltage, current, analyslng crystal, counting time have also been established 

in the course of thls preparatory work. These were then coded and stored in the 

programmer as the set of instructlons that enabled the Instrument operate automa-

t1cally. 

Callbratlons were done by HP-9815 A. A simple linear relatIonship was used; y = 
ax + b. The coefficlents were determlned by regression analysis on measurement 

results from a rela tively large number of Geometep 111 sampies that had been very 

accurately analyzed by wet chemlstry. Finally; HP- 9815 A was programmed to operate 

the XRF spectrometer automatically. 

11.7.3 • .3 Measurements 

Of the chemically analyzed elements in the Geometep iIJ sulfide sampies, only As, 

Zn, Cu, Co, Fe were found free of Interference In the x-ray scan, and hence, were 

callbrated fore Some of the Garimas sampies wlth high Cu content (e.g. 15%), or 

low zinc content (e.g. 0.5% and lower) fell outside the ca libration ranges. Due to 

lack of assayed basaltic sampies the Instrument could not be calibrated for basalt. 

XRF analyses on basalt sampies recovered durlng the campalgn were therefore seml-

quantitative. The Philips PW 1965/60 detector for x-ray diffraction mineral determinations 

was only partJally operatlonal during the cruise. 
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TABlE 11.5: SAMPlE SERIES 

SEDIMENTS 

D Documen~t~n,PREUSSAG 

CP Sediments for chemical analysis 

HH Sediments Unlverslty Hamburg, Geologlcallnstltute (Tse) 

BGR Sediments for geochemical work at BGR (Marchlg) 

BS Sediments Unlverslty Braunschwelg, Geologicallnstltute 

ECS Sediment sam pies Unlverslty of GuayaqulJ (Valencia) 

VOlCANIC ROCKS 

DR Documentatlon, PREUSSAG: representatlve sampie 

KS Untverslty Karlsruhe, Petrographlc-Geochemicallnstltute: representatlve 
sampie 

GKS Same (Laschek): sampies of fresh glass 

CB PREUSSAG: mlnerallzed rock sampies, for chemlcal analysis 

CC PREUSSAG: ferro-manganoan coatlngs and crusts from rock surfaces 

HD Unlverslty Heldelberg, Institute for Sediment Research: altered basalts, 
secon dary pro ducts 

SP Sampies for special determinatIons 

EC Rock sam pies for the Ecuadorlan representatlves 

SUlPHIDES AND OTHER HYDROTHERMAL PRODUCTS 

DS 

GT 

DH 

HDS 

ClS 

CXS 

MBS 

ECS 

SPS 

CS 

CO 

MS 

MO 

Documentatlon, PREUSSAG 

Geotechnlcal investlgations 

Oxidlzed sulphldes, sulphlde Impregnated basalt, basalt with other hydro-
thermal products (PREUSSAG) 

Same (Unlversity Heldelberg) 

. Same (Unlverslty ClausthaJ) 

Sulphldes and minerallzed brecclas, IFREMER/COB 

Sulphldes, Unlverslty Marburg 

Sulphldes for the Ecua dorian representatlves 

Sulphlde sampies for special determinatIons 

Sulphldes for chemlcal analysis 

Oxidlzed ma t erial f rom sulphlde sltes, for chemical analysis 

Sulphldes for mlneraloglcal analysis 

Oxidic products for mineraloglcal analysis 



MB 

XS 

YS 

MS GA 

MS GB 

MO GA 

MO GB 

MB GA 

CSIB 

MSIB 

CSGA 

CSGB 

COGA 

COGB 

CBGA 

MT 
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Sulphldic basalts for mlneraloglcal analysis 

Sulphldes, oxides, silicates and altered basalts for mlneraloglcallnvestl-
ga tlons (ore mlcroscopy), Unlverslty Marburg (Tufar) 

Sulphlde sampies from Loc. A (1-11) and B (12-13) for microanalytlcal 
and mineraloglcal analysis, Unlversity Clausthal (Halbach) 

/J sampie sulphldes locatlon A, mlneralogy 

/J sampie sulphldes location B, mlneralogy 

/J sampie oxides locatlon A, mlneralogy 

/J sampie oxides locatlon B, mlneralogy 

/J sampie sulphldlc basalts locatlon A, mlneralogy 

/J sampie silicate mud locatlon B, chemlstry 

/J samp!e silicate mud locatlon B, mineralogy 

/J sam pie sulphldes from 16 station sampies CS (loc. A) 

/J sampie sulphldes from .3 station sampies CS (Ioc. B) 

/J sampie oxides from 15 station sampies CO (Ioc. A) 

/J sam pie oxides from 6 station sampies CO (Ioc. B) 

/J sampie sulphldic basalt from 11 station sampies CB (Ioc. A) 

Sulphldes for processlng tests 

ORGANIC Material 

Bio Faunal sam pies obtalned from dredge hauls, Unlv. Hamburg/ Senckenberg 
Institute Frankfurt. 

The complete lable of a sampie Is: 

SO .32 - 147 GK 25-30 D 48 = Sonne crulse 32, station no. 147, Reineck corer, 

25-30 cm from top aore, sampie se ries D, sampie no. 48 of that serles (of the whole 

crulse). 
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11.8 Data Collectlon, Reductlon and Processlng 

11.8.1 MultIsonde 

The board unlt of the MultIsonde provldes three different posslblllties to control and 

record the measuring data. 

I. Durlng the measurement all parameters are dlsplayed on-line on the front 

panel of the unit to control the measurement. 

11. Three analogue outputs are avallable, which can be connected wlth an analogue 

multl-channel graphie recorder. This facillty provides the possibillty to have 

a quick-look control of measurlng data and occurrences of anomalies. 

iii. The most effective technlque to control the measuring data on-Une was newly 

developed applying the transportable PDP /LSI-11/23 computer system. The 

measuring data are recorded on a 1/2 inch magnetic tape and on-Une plotted 

on the graphie screen of the computer. Additlonally, the computer system 

provides a hard-copy facllity to take a copy of graphie plotted on the screen. 

After the measurement a preprocessing of the MultIsonde data including calibration, 

correction and reduction of data Is carried out on board. Examples of a hard-copy 

and preprocessed plots are glven in Figures 11.1 to 11.4. 

11.8.2 Current Measurements 

The Aanderaa RCM 5 is a self-recording current meter. The current data are recorded 

on a 1/4 inch tape. After recovery of the instrument the tape is read wlth a special 

tape reader (Aanderaa Type 2650) and restored via a 24 V interface on the 1/2 

inch magnetlc tape of the computer system. Similar to the Multisonde data reductlon 

procedure the current data were preprocessed on board including 

converUon of the original readings into physlcal units; 

calibration, correction and reduction of the converted data; 

preparation of data listlngs; 

preparation of scatter plots and time series (Figs. 11.5 - 11.7). 
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FIG.11.2 
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FIG.11.5 SCA HER-PLOT OF CURRENT MEASUREMENT 
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11.8.3 Satelllte Navigation 

The position raw data (satelllte fix positions, dead reckonlng positions) and Information 

from narrow beam echo sounder, doppler sonar and gyro were recorded on tape 

every minute. From thls tape the slgnlflcant data were extracted and the posItions 

corrected back wlth a linear algorythm from fix to fix. 

As a result a dlsc flll wlth corrected positions, water depth, shlp speed and headIng 

was avallable for all users (Table 11.6). 

11.8.4 ATNAV-navlgatlon 

The first step after ca libration was to determlne the geographlcal coordinates of 

the transpon der array wlth correspon ding sat.-fix-data and range data. Three pairs 

of values are necessary to calculate the coordinates of the orlgin and Its angle wlth 

geogr. north. Wlth a lot of such tripies It Is posslble to determine mean values and 

standard deviatIons. The calculatlon stops successfully If the standard deviation 

of the coordinates of the orlgln Is equal or less than the accuracy of the satellite 

na vi ga t10n syst em. 

Durlng normal station work wlth ATNAV, the shlp's and, If In operation, the deep 

towed Instrument carrler's position data were stored on the mag tape of the PDP 11/23. 

Geogr. coordinates were obtalned from thls raw data by the help of the predetermlned 

transponder coordinates. 

These values have been stored and could be used In the same way as the satelllte 

pOSItions. 

... 11.8.5 Seabeam 

The Seabeam system wrltes date, time, 16 water depths and the correspondlng cross 

track values on Its own mag tape. 

Uslng the newly Installed central computer VAX 11/750 these data have been comblned 

wlth the position values and were wrltten on a second tape. On the basis of thls 

tape It Is posslble to produce new contour line swathes In a geographlcallattlce 

chart (Flg. 11.8) whlch can subsequently be used to produce bathymetrlc maps. 
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DAY HON DAY HOUR HIN SEC LATITUDE LONGITUlJE [Jl:;Pl'H SPl:;ElJ HEAIJING 

IGG G 14 1G 23 0 2 35.7773 -94 ~0.0633 2600 O.~ 107.33 
16G & 14 1& 24 0 2 35.7741 -94 50.0579 2604 0.4 106.6~ 

IGG 6 14 16 25 0 2 35.7713 -94 50.054G 2603 0.4 107.00 
166 6 14 16 2G 0 2 35.7699 -94 50.0510 2602 0.2 107.17 
IGG 6 14. 1G 27 0 2 35.7G75 -94 50.0505 2602 0.9 107.11 
16& 6 14 16 29 0 2 35.7&70 -94 50.0459 2599 0.3 106.93 
IGG G 14 16 29 0 2 35.7663 -94 50.0446 2~90 0.2 107.00 
1G6 6 14 16 30 0 2 35.7662 -94 50.0427 2&02 0.2 107.17 
IGG 6 14 1G 31 0 2 35.7G39 -94 ~0.0409 2609 0.2 107.1'/ 
1GG 6 14 16 32 0 2 35.7622 -94 50.0396 2609 0.4 107.00 
16G G 14 1G 33 0 2 3S. '7600 -94 ::;0.OJS4 2602 0.::; 101.S0 
166 6 14 16 34 0 2 3~.7593 -94 50.0349 2&02 '. , _ 0.2 10~.00 .... 
16G G 14 1G 35 0 2 J::i .1SU '/ -94 ::;0.0:.31'1 2~,-)9 O.~ 106.~3 

.... 
\0 

166 6 14 16 36 0 2 30.7~5'J -94 50.02'J0 4&02 '0.4 106.~3 I 

IGG G 14 1G 37 0 2 ~::;. '/~2J -':)4 ~O. 026" 2~,-)~ 0.4 10'1.00 
1G6 6 14 16 38 0 2 3~.'lb03 -94 bO.0262 2t1Y9 0.3 lO'l.33 
1G6 6 14 16 39 0 2 ~:L "~OO -94 ~0.019~ 'J60~ O.~ 106.~() 

TAB. 11.6 EXAMPLE OF A SATELLITE NAVIGATION DATA PLOT 

,' ,' 
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·44' 

FIG.11.8 EXAMPLE OF A SEABEAM SWATHE REPLAYED WlTHIN A GEOGRAPHIC COORDINATE 

MAP AFTER MERGING OF SATELLITE NAVIGATION AND ECHO SOUNDING DATA. 
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12. SOME FIRST RESUL TS 

12.1 Morpho-Tectonlc Structures 

Crulse GARIMAS 1 for the first time provlded the opportunlty to obtaln Seabeam data 

along the whole eastern half of the Galapagos Rlft, between the De Stelguer and 

Inca Fracture Zones. From the total of 265 bathymetrlc profiles, along, oblique and 

perpendicular to the Rift axls, the maln morpho-tectonlc features of the neo-volcanlc 

zone could be reconstructed~ includlng normal and transcurrent faults, overlapplng 

spreading centres and volcanic edlfices. One major outcome of the crulse is the 

location of the zero-age axls (slmpllfled in flgs. 6.1 and 6.2). 

Withln the survey area the Galapagos Spreadlng Centre shows remarkable along-strlke 

dlfferences, but also an apparent symmetry, whlch seems to be related to the Galapagos 

hot spot. The central portion of the Galapagos Spreadlng Centre, north of the Islands, 

Is uplltted to 1,700 m, with local peaks rlslng to 1,400 m. From 89°10' to 92°33' 

the neo-volcanlc zone is developed as a linear axial volcano wlth IIttie tectonic 

differentiation (flgs. 6.14, 6.20). Four lateral displacements, incJudlng the important 

Galapagos fracture zone, do not substantlally change the general trends. The Gala-

pagos FZ occupies the summit region of the Galpagos Spreadlng Centre. 

West of 92°33' the rldge slopes down towards the De Steiguer Deep (to 3,400 m), 

on the rlm of which some clrcular axial volcanoes are developed. Half way there 

is a conjugate spreadlng centre whlch, however, does not change any trends. The 

axial portion of the spreadlng centre between 92°.33' and 95°25' Is submerged In 

respect to the marginal high (flgs. 6.4,6.6, 6.11), and the amount of submergence 

Increases towards the De Steiguer Deep. 

On the opposIte slde, east of 89°10' a slmllar trend can be noticed, but the submergence 

of the axial portion of the rlse is less pronounced or not developed to a major dIsplace-

ment at 87°10' W which Is not yet sufflclently covered by geophyslcal profiles to 

classlfy it as a propagating ritt cr conjugate (overlapplng) spreadlng centre. East 

of this lateral displacement of the ritt axls the spreadlng centre Is developed as an 

uplifted rlse wlth a compllcated rifted axial zone (figs. 6.26 to 6.33). Towards the 

In ca Fracture Zone the axls slopes down to more than 2,600 m. 

The general morpho-tectonic Information derlved from the bathymetrlc data could 

locally be supplemented by vlsual data. TV and photo profiles clearly display the 

tectonlc style present in the different seetIons of the GR and In relation to the age 

of the crust. 
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Whlle the presently actlve volcanlc belt Is mostly devold of tectonlc features, swarms 

of gjas (open, up to a few m wlde fIssures) and small normal faults cut the seafloor 

wlthln the neo-volcanlc zone along-strike, qenerally arranged In an "en echelon" 

pattern. On slightly older terrain some faults develop to major displacements, whlch 

accordlng to strong brecciation, seem to be deeply rooted. 

Normally, several sub-parallel, closely spaced faults form a graded escarpment, 

several tenths to about 200 m high. Important masses of weil sorted talus pile up 

at the foot of the escarpments. 

Outside the neo-volcanlc zone, fault escarpments are the only morphologlcal feature 

to be recognlzed In vlsual profiles, except for the upper parts of major basalt plllows. 

Most of these faults seem to be Inactlve or dormant. 

12.2 Volcanlsm 

Constructlonal features produced by volcanlc events are generally superlmposed 

by tectonic dlsplacemehts. Only locally round and lobated morphologlcal structures 

can be classlfied as volcanlc ediflces already on the morphologlcal Seabeam maps. 

There are a few smalI, up to 300 m high caldera volcanoes along the Galapagos 

Rlffaxis and on the marginal highs. 

More clearly the different volcanlc formations can be recognlzed on slde scan sono-

grams obtalned wlth the deeptow flsh. The best Information on the volcanlsm along 

the Galapagos Riff, however, were obtalned trom the photographie records. 

Several different lava types could be dlstlngulshed (see chapter 13). 

Freshest f10ws are nearly sedlment-free, and the glassy surfaces are stili glimmering. 

Wlth age and dlstance from the axis the lava surfaces are increasingly covered by 

sediments glvlng easlly rlse to mislnterpretatlons. Usually, at about 2 km from the 

rift axIs only the upper parts of pillows are visible, whlle all other lava types become 

undiscernable. The lava production appears to be dlscontlnuous, and mostly located 

in the deeper parts of the Inner rlft. Most flows origInate In longitudinal fissures and 

extend as subhorizontal covers rather than walls or piles. The type of lava produced 

depends mainly on quantity and slope angle. No signIficant chemlcal dlfferences 

could be detected so far. The typlcal pillow lavas are malnly formed from small eruptions 

and at the front of major f1ows, whlle the varlous types of ponded lavas belong to 

major volcanic events and preferably fill the deeper portions of the rlft. The rugged 

lava lake topography Is favoured by a combinatlon of ponded lava f10ws and fIssure 

swarms produced by extenslonal forces. 
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12 • .3 Hydrothermal Activlty and Products 

Hydrothermal activlty has locally developed along the Galapagos Spreadlng Centre 

and a number of distlnct products Indlcate present or past actlvlty. 

The dlscovery of such Indlcations requlres conslderable exploration effort. Ongolng 

hydrothermal actlvity can be detected by physlcal and geochemical anoma.lles In 

the surroundlng seawater, but also by the presence of certaln faunal elements related 

to the sources. Near metal-rlch hydrothermal vents also the sediments are enrlched 

In certaln metars, IIke manganese, iron and zlnc. 

On seafloor photos black manganese stalns on sediment and rock surfaces indlcate 

hydrothermal sources nearby. The most consplcuous hydrothermal products are sulphldes 

of iron, zlnc and copper, whlch, together with silicates and sulfates, form near hlgh-

temperature vents. The occurrences, when already extlnct, are usually more or less 

oxldlzed and exhibit varlous colours. 

At the beginning of cruise GARIMAS 1, the sulphlde occurrences found during Alvin 

cruise 1001, were relocated and subsequently photographed and sampled. Though 

the presence of elements of the hydrothermal vent community Indlcates some ongolng 

activity, most sulphldes photographed or sampled are heavily oxldlzed and partly 

covered by sediments. The occurrences are found outside the actual rItt valley along 

the southern slope of a 60 m high horst structure. Most materIal Is more or less dlsplaced. 

The base metal contents of the sampIes analyzed on board (Table 12.1) are very 

variable. At the Alvln slte ("locatlon A") about one ton of sulphides was recovered 

durlng GARIMAS 1~ 

A second Important group of hydrothermal sltes, subsequently called locatlon B or 

"Sonne slte" were dlscovered during the crulse around 85°55'W and 0046'N. A prelimlnary 

evaluation of the vlsual profiles indlcate at least 7 single sulphlde sltes, some of them 

showing fresher appearance than the Alvln slte. Nearby, also low temperature thermal 

water was observed In gjas, the walls of whlch were covered by sessile benthos. 

There were also large clam fields. 

The hydrothermal products at locatlon Bare very variable. There are even zlnc-rich 

sulfides and silicate mounds. 

Besldes the two maln locatlons wlth sulphlde formation, a number of places along 

the Galapagos Ritt showed Interesting Indlcatlons of hydrothermal actlvlty durlng 

crulse SO .32, but could not yet been sampled (Table 12.2). 
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Station SampIe Fe % Cu % 

26 D 1 45.45 0.42 
26 D 2 37.79 15.54 
28 D 1 43.99 0.07 
28 D 2 44.30 0 .05 
28 D 3 37.20 0.43 
46 GTV 1 44.35 0.14 
46 GTV 3 42.43 2.58 
46 GTV 4 (77.28) 1.24 . . 
49 GTV ~ 30.95 14.02 
60 GTV DS 11 u.d. 7.98 
60 GTV DS 13 36.47 13.63 
60 GTV (82 33) 1 22 
60 GTV fJ 34 .92 2.43 
61 GTV fJ 43.82 3.85 
61 GTV 36.12 (27.58) 
65 GTV fJ 32.43 12.60 
67 D fJ 20.24 0.20 
68 D ~ 36.40 9 .19 
72 GTV ~ I 25.88 1.66 
73 GTV fJ 18.12 0 .08 
80 GTV ~ I 

i 
38.24 7.99 

MS = massive sulfides 
OS = oxid sulfides 
Sp = special sampIe 
aB = 01 tered basal t 
(X) = mocroscopy 

- -_.-

TAB. 12.1 

Zn % Co ppm As ppm Focies Pyrite 

0.20 69{, 65 MS XX 

0.27 1167 49 MS XX 

0 .22 145 37 MS XXX 

0.26 263 61 MS X 

0.22 21 101 O.S. 0 

0.35 351 66 MS (X ) 

0.21 1853 35 MS (X) 

0.30 737 144 O.S. 
3.57 49 57 MS (X) 

6.71 u.d. 18 Sp. 
0.27 1117 46 So. (MS) 
o 41 609 (510) O.S. 
0 . 36 1312 89 MS (X) 

0.30 409 44 MS (X) 

0.19 365 8 Sp(MS) 
0.61 260 45 MS (X) 

0.20 5 u.d. o.B. (Xl 
0.63 519 77 MS (X) 

6.81 20 89 MS (X) 

0.66 17 4 o.B. (X ) 
. . 

0.38 425 51 MS (X) 

METAL CONTENTS OF SULPHIDES FROM LOCATION A (ALVIN SITE) 
(Det. K.P. Eilmes) 

Marcasite 

XX 

X 

X 

XX 

m 0 r 

(X) 

(X) 

(X) 

(X) 

(X) 

(X) 

(X) 

(X) 

Chalcopyrite 

XX 

p h 

(X ?) 

(X) 

(X ?) 

(X) 

iXJ 

(X) 

(X ?) 

(X) 

Spholerite 

I 

(X) 

(X) 

~ 

I\) 
-l=' 
I 
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TAB. 12.2 

85°.39' 

85°4.3' 

85°51' 

85°55' 

86°05' 

86°06' 

86°12' 

- 125 -

HYDROTHERMAL SITES FOUND DURING 

CRUISE SO .32 (GARIMAS 1L 

(87 FS, 15.4.3): HB, S In sediments 

(09 FS, 16.00): ox. S-chlmney ? 

Alvln slte ("location A"): S, HP, HB 

Sonne slte ("locatlon B"): S, HP, SI, HB 

(17.3 FS, 4.15): HB 

(181 FS, 22.00, 22.57 - 0.22): HP, HB 

(45 FS, 4.12): HB (clams) 

86°26' (14.3 FS, 19.49; 172 FS, 19.27 - 19 • .39), HP, ox. S 

9.3°.39' (94 FS, 2 • .35): S-chlmney ? 

94°50' (114 FS, 18.10): HP 

94°55' (112 FS, 4.57 - 5.49): HP, HB; (116 FS, 0.22 - 1.09; 1 • .38): HP, HB 

95°02' (107 FS, 14.42 - 15.11): HP 

95°16' (101 FS, 19.25): HP, HB 

S = Sulphlde 

HA = Hydrothermal vent benthos 

HP = Hydrothermal products 

ox = oxldized 

SI = Silicates 
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13. ABBREVIA TIONS 

The followlng abbreviatIons are used in thls cruise report and other reports of cruise 

GARIMAS 1. 

A) EQUIPMENT 

FS 

SB 

NBES 

SBP 

TB 

TT 

MS 

K 

GK 

GR 

P 

G 

GTV 

STV 

D 

FS 

FSMS 

CS 

H 

DFow 

Forschungsschiff , research vessel 

Seabeam System 

Narrow-beam echo sounder. Stabillzed echo sounder "Schelfrandlot" 
of ELAC, 20 and 30 kHz 

Subbottom profiler, sediment echograph, 3,5 kHz 

Bottom plnger, 16 kHz 

Transponder of the Atnav navigation system 

Multisonde of ME Meerestechnlk-Elektronlk 

Kasten corer 15 cm 

Reineck box corer 

Gravlty corer 

Piston corer 

Grab 

TV-gulded electro-hydraulic grab 

Spider grab 

Dredqe, DC chain dredge 

Photo TV-sledge 

Photo-multisonde-sledge 

Eulerian current measurement 

Water sampling station 

Deeptow vehicle, furnlshed wlth SSS=Side Scan Sonars and 2,5/3,5 kHz 
SBP=Subbotfom profller 

B) SEAFLOOR FORMATIONS 

GR Galapagos Ritt 

FNO Foramlnlferal nanno ooze 

Sed. Sediment 

KS Collapse structures 

Pi Pillow 

PL Pillow lava, hummocky pillow flows 
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pp Protuberance plllow lava 

5 Sheet lava, ponded lava 

SL Lobated sheet lava 

SP Platy sheet lava 

SC Curtaln fold/ropy sheet lava 

55 Scrambled sheet lava 

SPL Sheet lava wlth single pillow protruslons 

T Talus 

TP Dispiaced plllow fragments 

TS Dispiaced sheet lava fragments 

H Hydrothermal indicatlons 

HF Hydrothermal fauna 

HK Iron-manganese crusts 

HH Sulphldes 

HM Sediment dlscoloratlon 

HP Hydrothermal products (on cracks and rock surfaces) 

HA Hydrothermal rock alterations 

HO Turbld waters 

FB Vagrant and sesslle benthos 

FE Endo-benthos. 
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14. STATION LlSTS 

The followlng station lists contaln the coordinates and wa ter depth of stations occupied 

du ring cruise SO 32. They are based on corrected satellite navigation (SATNAV) 

outside the 86°W area Oocation A and B) and on Atnav naviga tion inside that area. 

In GTV stations the coordinates are those of the last sampling operation, If several 

took piace. D station locations are approximate and correspond to the estlmated 

sampling point. 

The second list contains the approximate position of the photo profiles, whlch partly 

are more than one mile long, according to SATNAV readings. 

Not listed stations are tests. 



1 MS 
2 es 
3 [I 
4 D 
5 [I 
6 [I 
7 [I 
8 [I 

10 GTV 
11 GTV 
12 [I 
13 D 
14 n 
15 MS 
17 D 
18 D 
20 D 
22 GTV 
26 D · 
27 D 
28 D 
29 D 
30 [I 
31 D 
34 D 
35 GTV 
46 GTV ' 
47 STV 
48 [I 
49 GTV " 
50 GTV 
51 GTV 
54 GTV 
55 GTV 
58 D 
59 GTV 
60 GTV . 
61 GTV . 
lt3 D 
65. GTV 
67 [I 
68 D 
70 GTV 
71 GTV 
72 GTV • 
73 GTV 
74 GTV 
75 D 
77 GTV 
78 D 
79 D 
80 GTV # 

81 D 
82 GTV 
83 GTV 
85 GTV 

1 19.600 
o 45.703 
o 45.217 
o 44.755 
o 44.662 
o 44.716 
o 44.890 
o 45.387 
o 45.183 
o 44.933 
o 45.155 
o 45.012 
o 44.785 
o 44.926 
o 45.382 
o 45.273 
o 45.036 
o 44.922 
o 45.005 
o 44.874 
o 45.035 
o 44.981 
o 44.952 
o 45.005 
o 44.875 
o 44.970 
o 44.944 
o 45.001 
o 44.940 
o 44.813 
o 45.061 
o 44.887 
o 44.999 
o 44.974 
o 44.928 
o 45.041 
o 44.948 
o 44.976 
o 44.977 
o 45.039 
o 45.026 
o 45.015 
o 45.161 
o 44.870 
o 45.017 
o 45.097 
o 45.014 
o 45.064 
o 45.064 
o 45.054 
o 45.010 
o 44.853 
o 45.014 
o 45.058 
o 44.931 
o 44.977 
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GARIMA5 1 

5T A lION LOCATION5 AND WA TER DEPTH 

(EXCEPT FOR PHOTO PROFILES) 

-85 27.300 
-85 53.168 
-85 50.293 
-85 51.137 
-85 51.181 
-85 50.509 
-85 50.496 
-85 50.181 
-85 50.544 
-85 50.671 
-85 54 . 720 
- 85 50.508 
-85 51.053 
-85 55.028 
-85 52.134 
-85 51.344 
-85 51.071 
-85 50.61.0 
-85 50.566 
-85 50.510 
-85 50.490 
-85 50.476 
-85 50.547 
-85 50.462 
-85 50.575 
-85 50. '703 
-85 50.602 
-85 ~0.711 
-85 50.848 
-85 ~0.888 
-85 50.701 
-85 50.657 
-85 50.858 
-85 50.748 
-85 50.925 
-85 50.708 
-85 50.630 
-85 50.662 
-85 50.696 
-85 50.700 
-85 50.857 
-85 50.675 
-85 50.683 
-85 50.665 
-85 50.701 
-85 50.778 
-85 50.724 
-85 50.723 
-85 50.822 
-85 50.771. 
-85 50.815 
-85 50.604 
-85 50.754 
-85 50.724 
-85 50.730 
-85 50.540 

2820 
2537 
2515 
2624 
2625 
2620 
2640 
2627 
2625 
2602 
2755 
2605 
2655 
'2786 
2623 
2623 
2522 
2605 
2608 
2577 
260~:; 

2555 
2610 
2584 
2587 
2603 
2608 
2602 
2610 
2608 
2550 
2606 
2602 
2610 
2639 
261 2 
2613 
2615 
2613 
2616 
2613 
2620 
2653 
2605 
2610 
2613 
2603 
2649 
2652 
2605 
2613 
2613 
2616 
2603 
2610 
2613 

86 D 
91 GK 
92 GK 
95 GK 
96 GK 

100 GK 
102 GK 
104 MS+H 
105 MS+H 
106 GK 
108 GK 
109 MS+H 
111 MS+H 
113 GK 
115 MS+H 
117 GK 
120 H 
121 MS+H 
123 GTV 
128 D 
129 [I 
130 D 
131 MS+H 
132 MS+H 
134 D 
135 D 
136 D 
137 D 
138 MS+H 
139 D 
140 GK 
142 GK 
146 GK 
147 GK 
148 GK 
157 D 
158 D 
159 D 
161 [I 
162 D 
164 D 
165 D 
166 D 
167 MS+H 
168 [I 

170 D 
171 [I 
174 D 
175 D 
176 STV 
178 MS+H 
179 GTV 
182 GTV 
183 STV 
185 MS+H 
187 GK 

o 4:5.321 
2 11.502 
1 58.199 

2 39.664 
2 25.769 
2 44.158 
2 30.726 
2 30.723 
2 36.558 
2 30.300 
2 41.225 
2 36.732 
2 38.100 
2 30.349 
2 35.700 
1 59.715 
o 45.934 
o 45.832 
o 44.860 
o 45.005 
o 44.901 
o 45.911 
o 45.856 
o 45.754 
o 45.831 
o 45.965 
o 44.762 
o 44.675 
o 45.799 
o 46.020 
o 43.743 
o 53.273 
o 48.534 
o 50.702 
o 40.446 
o 46.043 
o 45.931 
o 45.874 
o 45.769 
o 45.766 
o 45.941 
o 46.076 
o 46.109 
o 46.008 
o 46.065 
o 45.906 
o 45.970 
o 45.902 
o 46.051 
o 46.050 
o 45.810 
o 46.105 
o 46.159 
o 45.767 
o 46.077 
o 45.069 

-85 50.519 
-92 5.643 
--92 7.116 
-94 14.032 
-94 18.539 
-95 13.092 
-95 19.526 
-95 19.309 
-,94 55.285 
-95 1.280 
-94 54.562 
--94 56.025 
-94 56.600 
-94 55.1.16 
-94 50.000 
-92 4.511 

' -85 53.887 
-85 54.035 
-85 50.502 
-85 50.552 
-85 50.238 
-85 54.275 
-85 54.913 
-85 54.671 
-85 54.521 
-85 54.182 
-85 50.806 
-85 50.453 
-85 54.726 
-85 54.840 
-85 56.078 
-86 24.825 
-85 54.812 
-85 54.586 
-85 56.500 
-85 54.952 
-,85 54.885 
-85 54.549 
-85 54.922 
-85 54.773 
-85 54.343 
-85 54.891 
--85 54.749 
-85 54.896 
-85 53.747 
-85 54.863 
-85 54.686 
-85 54.396 
-85 54.218 
-85 54.248 
-85 54.656 
-85 54.906 
-85 54.766 
-85 55.173 
-85 55.169 
-85 53.204 

2652 
2240 
2215 

2782 
2497 
3097 
2314 
2637 
2623 
2699 
2549 
2662 
2623 
2652 
2587 
2306 
2580 
2540 
2602 
2608 
2598 
2520 
2488 
2562 
2555 
2592 
2566 
2590 
2497 
2576 
2735 
2565 
278:~ 

2692 
2714 
2540 
2485 
2510 
2480 
2566 
2567 
2586 
2569 
2580 
2600 
2572 
2562 
2576 
2610 
2605 
2511 
2580 
2583 
2523 
2580 
2711 
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GARIMAS 1 

APPROXIMA TE LOCA TION OF PHOTO PROFILES 

STATION NO. DEGR. MIN. N DEGR. MIN. W 

09 FS 0 45 85 42/41 
16 FS 0 44/43 85 55/51 
21 FS 0 45 85 50/51 
23 FS 0 52/54 86 59 
24 FS 0 49/51 86 34/33 
25 FS 0 48/47 86 19/18 
32 FS 0 46 85 54 
33 FS 0 45 50/51 
36 FS 0 55/54 87 06/04 
37 FS 0 52/53 87 11/12 
38 FS 0 50/51 87 19/18 
40 FS 0 56/55 88 10/11 
41 FS 0 48/47 89 29/31 
42 FS 0 47/48 88 49/46 
43 FS 0 42 87 45 
44 FS 0 44/40 87 45 
45 FS 0 48 86 15/12 
52 FS 0 45 85 53/51 
53 FS 0 41/40 85 55/56 
56 FS 0 45 85 51 
64 FS 0 45/46 85 51 
76 FS 0 45 85 40 
84 FS 0 49/48 86 11/12 
87 FS 0 45/44 85 40 
88 FS 0 46/45 85 50/51 
89 FS 0 52/50 86 49/48 
90 FS 0 56/52 90 22/21 
93 FS 2 18 93 05 
94 FS 2 37/30 94 06/10 
97 FS 2 31/33 94 17 
98 FS 2 33/35 94 18/17 
99 FS 2 42/43 95 15/14 
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STATION NO. DEGR. MIN. N DEGR. MIN. W 

101 FS 2 .39/.36 95 16/14 
10.3 FS 2 .37/.35 95 25/24 
107 FS 2 .38/.36 95 02/00 
110 FS 2 .38/.39 94 56/55 
112 FS 2 .39/40 94 55/56 
114 FS 2 36 94 50/48 
116 FS 2 37/3.3 94 55/54 
118 FS 1 57/59 91 22/20 
119 FS 0 50/47 89 47/45 
122 FS 0 46/45 85 55/50 
126 FS 0 45 85 51/50 
127 FS 0 45 85 51/50 
133 FS 0 46/47 85 56/52 
141 FS 0 47/46 85 59 
143 FS 0 49/48 86 26 
144 FS 0 48/47 86 18/17 
145 FS 0 48 86 07/05 
149 FS 0 48/47 86 00 
150 FS 0 47/45 85 57 
151 FS 0 46 85 54/5.3 
153 FS 0 46 85 56/55 
154 FS 0 46 85 55/54 
155 FS 0 46/47 85 56/54 
156 FS 0 46/45 85 55/54 
163 FS 0 47/44 85 55/54 

~ 

169 FS 0 46 85 54 
172 FS 0 48/50 86 27/26 
173 FS 0 48/47 86 06/05 
177 FS 0 46/45 85 55/53 

180 FS 0 46 85 54/5.3 

181 FS 0 48/49 86 06/04 

184 FS 0 45/46 85 51 
186 FS 0 46/47 85 56/55 



PHOTO TABLE 1 

a) Photo-TV siedge: instrument package for visual sea-floor investigations 

b) Same, details of instruments 

c) Sea-floor observations in the geological laboratory 

d) Launching of the photo-TV sledge 

e) Development of diapositive films. 
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PHOTO TABLE 2 

a) Basalt fragment. Folded surface of a glassy ponded lava flow 

b),c) Electro-hydraulic TV-grab 

d) Specimen of hydrothermally altered and mineralized basalt breccia produced 

at one of the major marginal faults of the Galapagos Rift valley at 85°50'W 

e) Fragment of a black smoker sulphide chimney from the same location. 





PHOTO TAßlE 3 

a) A geochemist and a processing engineer examining the load of rocks collected 

by the TV grab 

b) Fresh massive sulphides from the Galapagos Rift at 86°S0'W 

c) Strongly oxidized sulphides from the Galapagos Ritt at 8SoS0'W. 





PHOTO TABLE 4 

Bottom photos of part/y oxidized massive sulphides in the Galapagos Ritt at 8soS0'W. 

Primary and secondary hydrothermal products. Surface area 17 m2
• 




	a-00000a
	a-00000b
	a-00000c
	a-00000d
	a-00000e
	a-00001
	a-00002
	a-00003
	a-00004
	a-00005
	a-00006
	a-00007
	a-00008
	a-00009
	a-00010
	a-00011
	a-00012
	a-00013
	a-00014
	a-00015
	a-00016
	a-00017
	a-00018
	a-00019
	a-00020
	a-00021
	a-00022
	a-00023
	a-00024
	a-00025
	a-00026
	a-00027
	a-00028
	a-00029
	a-00030
	a-00031
	a-00032
	a-00033
	a-00034
	a-00035
	a-00036
	a-00037
	a-00038
	a-00039
	a-00040
	a-00041
	a-00042
	a-00043
	a-00044
	a-00045
	a-00046
	a-00047
	a-00048
	a-00049
	a-00050
	a-00051
	a-00052
	a-00053
	a-00054
	a-00055
	a-00056
	a-00057
	a-00058
	a-00059
	a-00060
	a-00061
	a-00062
	a-00063
	a-00064
	a-00065
	a-00066
	a-00067
	a-00068
	a-00069
	a-00070
	a-00071
	a-00072
	a-00073
	a-00074
	a-00075
	a-00076
	a-00077
	a-00078
	a-00079
	a-00080
	a-00081
	a-00082
	a-00083
	a-00084
	a-00085
	a-00086
	a-00087
	a-00088
	a-00089
	a-00090
	a-00091
	a-00092
	a-00093
	a-00094
	a-00095
	a-00096
	a-00097
	a-00098
	a-00099
	a-00100
	a-00101
	a-00102
	a-00103
	a-00104
	a-00105
	a-00106
	a-00107
	a-00108
	a-00109
	a-00110
	a-00111
	a-00112
	a-00113
	a-00114
	a-00115
	a-00116
	a-00117
	a-00118
	a-00119
	a-00120
	a-00121
	a-00122
	a-00123
	a-00124
	a-00125
	a-00126
	a-00127
	a-00128
	a-00129
	a-00130
	a-00131
	a-00132
	a-00133
	a-00134
	a-00135
	a-00136
	a-00137
	a-00138
	a-00139



