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A L3-day cruise was nade in the North Atlantic Occan from 18 August to o
1 October 1967. The cruisc was devoted to a detailed geochemical, geological N‘”\
and geophysical study cf a profile across the Reyljanes Ridge. ‘
T
Leg 1 18 August-14 September. Halifax, Nova Scotia to Reykjavil, %
Jceland (28 days)
14-17 September 1967, Reykjavik

Leg 2 17 September-1 October, Reykjavik, fceland to Narragansett,
Rhode Island (15 days)

Scientific Party

Leg 1. Halifax, Nova Scotia - Reykjavik, Iceland

pr, Jean-Guy Schilling (U,R.I.) Scientific co-leader, Geochemistry,

volcanology

. pr. Dale Krause (U,R,I.) Scientific co-leader, Geology
Dr. James Moore (U,S.G.S., Menlo Park) Volcanology
Dr. Ki-iti Horai (M,I1,T.) Geophysics

Mrs, Mary Chessman (+{,I,T.) Geophysics

Miss Doamic MeGregor (U.R.IL) Gzology . A
Karlis Muehlenbachs (Univ. of Chicago) Geochemistry

_Robert.Cooke (U,R,I.) Geochemistry
Thomas Johnston {U.R.I.) Geology
pavid Pope (U.R.I,) Geology

Arthur Buddington (U,R,I.) Oceanography
Timothy Kennard (U.R,I.) Oceanography

s leg II, Reykjavik, Tceland-Narragansett, Rhode Island

pPr. Gregory Webb (Univ. of Massachusetts) Geology '

#liss Bonnie McGregor (U.R.I.) Geology
Thomas Johnston (U,R,I,) Geology
pavid Pope (U,R,I.) Geology

Arthur Buddington (U.R.I.) Oceanography
Timothy Kennard (U.R,I.) Oceanography

Ship Personnel

~ B. Collinson, Mastex H. Martin, Able Bodied Seaman
C., Sawyer, Chicf itate J. Fratus, Able Bodied Seaman
N. Culeberly, 2nd liate. J. Stohlberg, Jr., Ordinary Seaman
0.J. Palardy, Bos'm A.L. Ellsworth, Ordinary Seaman
M.,C., Gilbert, Ordinary Secaman J. Symonds, Chicf Engincer ";5
R,A, Layficld, Ocdinary Scaman D. Symonds, lst fss't Engineer &
G,P., Robb, Ordinayry Seaman T. Densmorc, 2nd Ass't Engineer :%5
p,P, Neves, Stewaud H. Ellsworth, Oiler §
D. Valles, 2nd Coou F.C, West, Oilex ~
J. Evans, Radio Opcrator G. Alves, Oiler V) f
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Purpose, objective and nethod

A detailed dredging program with camera stations vas undertaken along
a profile across the crestal arvea of the Reykjenes Ridgze (at 60°R) to gain
direct information on the mechanisa of sea floor spreading and to test the
elegant Vine and Matthews hypothosis for the evoluticn of the sea floor 1).
This site was chosen for the large amount of geopnysical data already

available (2).

Petrochemistry, age determinations (K-Ar, palagonite growth, etc.)
rmagnetic properties anc- rare earth geochemistry of the drecdged samples are
being studied, In addition, a cooperative geochemical program was initiated
including some 10 laboratories. Isotope fractionation studies of 0187019,
5r07/s:€0 ard Pb207/Pb206; volatile abundances; electron-probe work and
trace elcment determinations (U, Th, etc.) of the dredged samples will be
undertaken., The program is coordinated by Dr. J-G. schilling at U.R,I.

Beat flow measurements were made aboard the R/V TRIDERT by the G. Simmons’
group at M, I, T,

In order to correlate the above data with the already available detailed
geophysical data (magretic gravity and seismic) for this part of the Reykjanes
Ridge, 2 continuous depth, and total pagnetic intensity, and seismic profiling
measurements were wade along this traverse. Operations on & second profile
across the Ridge, scme 150 km north, was started but time and weather
limitations didn't permit its satisfactory completion,

Symmerical variations about the axis of the ridge for all these
parameters will be tested.

Prelimincry results

1. Geology and Geophysics (D,C.Krause, J-G, Schilling and J.G. Moore)

The seismic profiler (air gun) was operated alcng the Nova-Scotian shelf,
over the Cabot Trough and along the Newfoundland coast, Two profiles were
made across the Reykjanes Ridge at the sampling locations. The Nova Scotia
profile showed glacial erosion end post glacial deposition, The Cabot Trough
profile showed nice folding and post-folding erosion and sedimerntation. The
Newfoundland profile revezled little of interest. The profiles along the
Reyl:janes Ridge shoved 200-300 neters. of sediment overlying a rough basement
vhich in places protruded through the gediment. The traverses across the
ridge showed a central irregular, sediment~free province with a central rift,
This central province is flan'ted by a province of irregular basement covered
by 200-300 meters of sediment, the basement sometimes protruding above the
gediment, With the General Oceanics ''garden hose" hydrophone, the R/V TRIDEVT
can profile at full speed (9.5 kt) over the shelf and 8.5 kt over depths of
1C00-2000 = before water and noise becomes excessive.

The magnetic anomalies were casily correlated vith the magnetic survey
of the Reykjanes Ridge, copics of which were kindly furnished by 1. Telwani,
The ficld is lateraliy somaviahit varicble but not nearly so ruch as the

topogrophy.



The topography has a general trend parallel to the ridge, but any one
feature seems to be only several times longer than wide. Some features are
esentially round or oval, probable volcanoes. {There roci: is exposed the
slopes are very steep and irregular both in the central rift and on the
flau:s. 1In general, rocl dredging brought up the basalt forming the rocls
of the median valley. Contrarily, dredging of the protruding bedrock on
the flanks brought up far less rock or none dospite abundant evidence
guring dredging of rochy bottom, the implication being that the rock here
is nore massive (less jointed and fragmented)then in the central province.

Note: A table giving the dates of seismic profiling will be added later.

2. Petrology and Ceochemistry (J-G. Schilling, D.C. Krause and J.G, Moore)

. Numerous fresh basalts (pillows, pillow fragments, glassy crusts with
pahochoe flow structures) were dredged (6 hauls). These samples are linmited
to the relatively flat bottom of the median valley (< 10 km wide). Relative
to the magnetic-lineaments, the median valley, is located over the - ‘
west half of the main positive axial rpagnetic anomaly A (2). Olivine and
plagioclase feldspar phenocrysts are often present, Only a few of these
sanples have manganese coating. When present it is very thin, A very thin
layer of palagonite alteration around the glassy rim is usually present

(see below), Glacial erratics in the median valley are astonishingly rare
for these northern latitudes. This may suggest a very young volcanic activity
for this axial zone (supported by preliminary age estimates from palagonite

grouth, see below).

Inmediztely adjacent to the median valley or on the flanks altered
pillou lavas and volcanic crust fragments were encounteved on both KW and SU
sides., Again manganese coatings are not too common. However, the palagonite

"grouth is much moxe developed, suggesting an older age for the flanks.

Anecular slabs and blocks of metamorphosed basalts (greenstones?) were
recovered on both flanks, particularly on the kW side (D-34 and D-35 over
magnetic anomaly 2 (2). In one of them (D-34) disseminated flakes of native
copper (=1%) was observed. A similar rock (with disseninated native copper)
was recovered some 150 lm north, on the second profile (61°22'N), Glacial
erratics are also much nore prominent on the flanls.

The petrochenistry, petrography, geochemistry and zge dating of these
rocks are at present under investigation. '

3, Palagonite growth and vesicularity (J-G. lloore, J-G. Schilling and
D.C, Krause)

pr, J-G. Moore joined this cruise because of the remaruable opportunity
that the hypothesis of Vine and Matthews provide for testing his ideas on the
rate of palagonitization of submarine basalts (3).

If one assumes that statistically, lavas dredged from each of the bands
of magnetic anomalies have an age corresponding to the Doz1l and Cox time
gcale (&), then the thickness of palagonite oa submarine lavas, which have
been in contact with the water colurn continuously since extrusion, should
increcase auay from the ridge crest.
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Several factors could reduce the apparent or real age of lavas away from
the ridge, such as: 1) younger centers of volcanism off the ridge crest
2) flow or slumping of lavas from the ridge crest doun the flanks over older
anomaly bands 3) eXxposure of older ancmaly bands 3) exposure of older
covered flows to the water column in a sluip scarp or fault scarp. However,
thesc would all tend to producc & weathered ring thinnev than that expected
by the age of the band where the collection was wade. Because of the
limication of fresh basalt to the median valley, possibilities 1) and 2) are
eliminated, This provides a minicum age.

Preliminary results for 4 tigg-called" fresh basalts from the  median
valley are tabulated below (based on 10 thin sections).

Thiclkness of palagonite Thickness of Mn coating
(in microns)’ (in microns)
D-18 : . 300 I 30 .
D-20 60 A . -
p-21 100 ' -
D-22 | . 60 -

[}

1C years
1500 years

%riae constant subject to vevision is: 10
100 M

n

Vesicularity may indicate depth of eruption, Clues on the past tectonic

- history of the ridge may possibly be gained by comparing “depth of eruptions®
with depth of collection, Preliminary vesicularity results for the 4 above
mentioned samples (based on 10 thin sections) are compared with those obtained
on the submarine extension of the east rift zone of Kilauea, Hawaii, see Fig. 1.

Other factors than pressure 2lone, such as chemical composition, temp-
erature of lavas etc., 2y control the amount and size of vesicles, However,
it is noteworthy that the vesicularity for a given tidepth of collection” are
comparable for the two volcanic regicas. Further femarl:s must await additional
determinations and petrochemical data for the Reyl:janas Ridge samples.,

&, Magnetic properties of the dredged rock samples (J-G. Schilling, J. De Boer,
and D.C, Krause) : :

These measurements are being carried out by Dxr. Jelle De Boer at Vesleyan
University. One large fresh pillow lava 20" x 12 % 12 was brought up by
chance on the camera frauwe Station 20, D-19. The position of this sample is
well over the central positive magnetic anomaly, Its tep can be identified
with relatively good confidence (3:26°) from 1its shape , and settling of pheno-
crysts.

An attempt -to detennine its pagnotic polarity ues made (Che pesition.of.
this pillow relative to cha gravitatienal field and wagnetic field during
eruption of this lava ic cufficiently well krnown fo% tiis northern latitude
vhere the horizontal component of the magnetic ficld is small.)



S
. High and very stcble veminent magnetization (Jn = 7:2 X 10-2 cmuécm3) with
normal polarity, and relatively low susceptibilily (51 107% emuf/cm’) were
obtained on this sample. : )

These results support the idea that the positive awial magnetic anomaly
over the ridge is produced by rnormally magnetized matertal, much of which may be
ponded lava flows.

Tuo or three other pillous from the flanks and the nedian valley way allou
a similar study. In addition, the opaque mineralogy and other magnetic properties

of these dredged rocks are under investigation.

5, Heat flow measurements (K, Horai and M. Chessman)

These measurements were made by Dr. K. Horai and iirs. H. Chessman from
G. Sirmmons' group at M,I.T,

Ten heat flow values wvere obtained on the crest of the Reyiijanes Ridge near
60°N and 30°W. Temgperature gradients were measured using the 'Ewing type'
thermograd instrument modified ot M,I,T, by Ericwson and Smith, The instrument
consists of the temperature wccorder and six thermistovs., Five of these are
separated by 15 inches on the core barrel of a gravity corer. To measure the
absolute vater temperature, the sixth thermistor is mounted on the weight stand
which remains above water, The recorder is attached to the cable about 15 meters
above the weight stand., When three to four temperature probes penetrated the
top iCO to 200 cm of the sedinent, this was suificient to define an unambiguous
thermal gradient, In five cases four probes penetrated O give an especially
good thermal gradisnt (Figure 2). Station #15 is based on the penctration of
only two probes, The other Four stations are based on the penetration of three
probes, Thermal conductivity of the sediments was measured using needle probe
method on shipboard after the sedirents reached room tecuperature within three
days of recovering the core. Izan thermal conductivity obtained by averaging
geciprocally the thermal cenductivities measured at every 13 cm on the relevant
portion of the core was combined vith thermal gradient to give the heat flow,

The results are summarized in Table 1 and Figure 2. 41l the heat flouw
stations are located on the crestal zone of the Reyl:janes Ridge that is the : °
porthern extension of the nid-Atlantic ridge to the southwest of Jceland, 1In
this crestal_zone, heat flow values vary considerably, the lowest being
0.80/: cal/cm“sec at station O 2rd the highest 6.71/?ca1/cm2sec at station 10,

The second highest valuz, 5,604 cal/cm*sec, is found at station 28, some 26 miles
west to station 10, Existence of high heat flow zone over station 28 is pro-
nounced by two adjacent stations, 27 and 29, which are nore than iz'callcmzsec.
These high heat flovs are separated from the high at station 10 by two intermediate
values, 1,47/%cal/em®scc at statiom 11 and 1.74, cal/emsec at. station 26,
jndicating that the tuwo narrou high heat flow zomnes are symmetrically located on
both sides of the crestal axis. Heat flow at station &&, 3.55/?cal/cmzsec,

located to the west of crestal auis should beleng to one of these high heat flow
zones. Average of the present 10 values on the crestal zone of the Reylijanes

ridge is 2.09/7cal/cn’ scc.



Corrections which ought to be considered but which vere not carried out in
report are: ‘

1. Effect of cempactiors of the core on conductivity. Cores were generally
shorter than the penetration, later pressure built up inside the barrel
since the water outlet in the weight stand had a smaller diameter than the
core barrel,

2, Topographical effects of the bacins in which stations were taken.
Possible sedimentation cffocts are believed small due to small deviation

from straight line in thermal gradients,



Table 1

DREDGING STATIONS TR41

.- —

Station i Dredeg, it atitude Jureitude Date Depth (m)
5 D-1 56°43'% - 28049'0 9/1/67 1070
Samples recovered - med stcre, corals, glazs sponges, ang, erratics (anorthositic)
260 %z auna, boulder (basaltic?)
6 AD-7 50°43'N 28052'W 9/2/67 1225
Samples recovered - 1 @#21lon erratic cobbles, éead horn-corals and shells
8 D-10 59°47,5'N 28°55'W 9/2/67 1800
Samples recovered —‘glass sponges, 3 1bs blaék pebbles .
8 A\ B-11 . 59%7.5"N 28055y 9/2/67 2130
Samples recovered =~ 1 1b small pebbles, broken branchinz corals
13 A p-17 60°02.6"N 29937,5%1 9/4/67 1070
Samnles recovered - 1 gallon erratic cobbles, 1 gallon corals, mudstones, 1 foot
diameter altered pillow
14 ~5-18 59°59,5'N o 29932'W 9/4/67 @ﬂ
'Samples recovered -~ 30 1lbs fresh basalts (crust and slabs), few erratic cobbles, v
plass sponges
20 /p-19 59°59,5'N ~ 29925.5'W 9/5/67 CR\ q%
Samples rccoveggg-?)one large fresh pillow (12'x 18", 120 1bs) ‘—”////
21 ~"D-20 60°02'R 29°23'W 9/5167 @ o
Samples recovered - fragments of fresh pillow lava, volcanic glass,.few erratics,
pastropods, corals (solitary), glass spongzes '
22 p-21 60°03 "N 29926 'y 9/5/67 - 965
Samples rccovered - 10 1bs fresh pillow lava fragments
23 v/ D-22 © 60%01'N 29°29'W. 9/6/67 @ o
Samples recovered - 5C 1bs fresh basalt (plag. & oliv, éhenocfvsts)
24 D-23 60°02.5'N - 29%0'w 9/6/67 1125
Samples recovered - mainly branching corals - scme horn covals, 2 fragments of

altered pillow lava
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Table 1

DREDGING STATIONS TR41 (continued)

Station & Dredge Jatitude longitude ‘pate pepth (m)

25 %-24 60°02,5'N 29°38'y 9/6/67° 1245

Samples racovered - 10 1bs aud with olacial drift cobbles. corals, glass sponzes

30 D29 5°11,5'N 30°03'V 9/7/67 1310

Samples rocoveréd - none

33 YD-32 60°11.3"N 30°03.5'd 9/7167 1435

Samples recovered - glacjal drift cobbles, fragment vesicular basalt?
: ‘,i’ e N .
36 b, D33 ) 66°11.5'N 30°03'W 9/1/67 1450
N \S{“’ | 4/ .
d - glacial drift, cobbles and boulders (quarzite, gneiss), one
fracment sltered pillow lava, corals

35 45234 50°11'N 29°29'W 9/7/67 1250

Samples rescovere

Samples recovered - one large boulder mafic rock slabs of greenstone (with
disseninzted native copper)

- 36 FD-35 60°12.5'N 30°02'W 9/8/67 1225

Samples socovered - brcken shells, coral, freshly brolen fraements of mafic roclk

35 X P-37 - 60°02'N 29°36'W 9/8/67 1200

Samples recovered - misc., sponges, branching and horn corals, sea urchins and
other biological samples. One large altered pillow lava
(120 1bs) znd 5 1bs altered pillou lava fragments

39 Jp-38 59059.1'N 29°30.5'0 9/8/67 4 "

Sarples recovered - 7 bags fresh pillow lavas and pillou lava fragments and glass
crusts (one single erratic cobble)

49 'D-39 59057,2'N 29°25'y 9/8/67 1100
acples recovered - 500 1bs nmud with sponge spicules_and small shells

3] Aao 50055y 29°20'w 9/8/67 1175

Sacples recovered - branching and horn corals, few erratics, 3 1bs altered pillow
lava frorcents, 3 1bs greenstone?

Pt o)
L2 ’rﬁ-hl 50040,5'N 28°37,5'U 9/9/67 1315

Sa=ples_recovered - mone
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Table 1
DREDCING STATIONS TR41 (continued)

Station ¥ Dredee # 1atitude longitude Date DEPth.(m)

&3 L D-t3 $1°39,5'N 26°60.5'U 9/10/67 990
Samples recovered - 7 baps crystalline and metamorphic roclks, large coquina stones,
— /vShelLb, sponges and bio-specimens

5 //<g¥§$” 61°23.S ot 27°24.5'0 9/10/67 970
Samples recov;;égl- none |

46, ‘/1)/;-46 61°22'N 27°24'W 9/10/67 @
Semples recovered - 60 1lbs ang boulaer (greenstone) vith disseminated native '

» copper, altered pillow fragments,
and bio-specimen

1 gneiss boulder, corals
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Table 2
CAMERA STATIONS TRé&1
Station # Caméra # 1atitude Longitude Date Depth (m)
5 c-1 50043'N 26°49'0 9/1/67 1252
Sediments and numerous debris, some SpORGeS, site of-dredge D-1;
over magnetic anomaly 2° (ST flan!h)
6 c-2 59°42'H 5°52,5'y 9/2/67 1300

10 c-3 © 59%52,5'n 29°08'0 " 9/6/67 . 1345
Sediments and numerous kboqges, site ot necat flobfﬂ-idl'SQer East
edge of magnetic anomaly 17 (SE flanl)

15 c-4 - 59°55.5'W 29°16'W _ 9/4/67 - 1250
Sediments, abundant sponges; East edge cf magnetic anomaly-A*

o
16 c-5 57 56'N 29°22'y 9/4/67 1090
. Sediments, sponges and rock cebris? between dredge sites D-39,
D-40; over nagretic anomaly A7
17 c-6 - 55956,5'N 29°24'W . 9/5/67 1175
Sediments, sponges and rock dgbris? betuveen dredge sites D-39,
D-40; over maganetic anomaly A

18 c-7 59°55,5'N 29°28'y - 9/5/67 1110
lava flow and patches:of sediments with sponges; over center of
magnetic ancmaly A”

19 c-8 5¢°959.5'N 29°34' 9/5/67 980
Pillow lavas + freghly buried by sediments; over West edge of"
magnetic anomaly A”

20 c-9 5905¢,5'n 29°25.5'y 9/5/67 950
Color film; well developed and fresh pillou lava field, site of
dredge D-19 (large pillow brought up on carera frame); over central
part of magnetic anonzly A

21 Cc-10 63°00"i: 29°27'y 9/5/67 870

Well developed and fresh pillow lava field between dredge site D-19
and D-22: over masnetic anozmaly A”
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Table 2

. CAMERA STATIONS TR41 (centinued)

Station i Camera { latitude Jongitude Date Depth (m)
2, c-1 60°01'1 290935 9/6/67 1045
25 c-12 60°03,5'N 29°33'y 9/6/67 . 1265
37 c-13 50°12,5'N 30002y 9/3/67 1440

Sediments, recently buried bed rock? dredge site D~36; over East
side magnetic anomaly 2% (M flank)

42 c-14 59°42'N 28°33'y 9/9/67 1405
Sediments, coarse texture, few rock debris?, between dredge site
D-41 and D-42; over magnetic anoxaly 3”7 (SE flank)

*1)  J.R, Heirtzler, X. Le Pichon and J,G, Baron, Magnetic anomalies over the
Reyl:janes Ridge, Deep~Sea Research, 13, 427-443, 1960,

2) and more recent magnetic survey kinﬂly rade available by M, Talwani of
lzmont Geological Obszervatory. '



Table 3

CORING STATIONS TR41 (Gravity cores)

12

Depth  Core. Leitgth
‘Station #  Core # Iatitude Longitude Date (m) cm)
5 G-6 59°43'N 28°49'W 9/1/67 1093 50
Core description - brown mud and silicecus spicules
6 G-8 59°42'N 28°52.5'W 9/2/67 1390 55

Core description - tan clay and sand
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Figure 3. Map showing heat flow statiohs and heat flow values (in
calfcm® sec). Bathymetric contours are in meters.
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