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CRULSE I, 1969

Geochemistry on tho Morocecan Shelf

Summary of Crulse Report

Cruise 1 - 1969 proved a highly successful operation,
During the 21 days spent on the Moreccan shelf all but the four
days in.Agadir and Casablanca wore fully utilised. In additien,
two days were spent on a preliminary reconnaissance survey on
the Portuguese shelf and a magnctometer traverse was run from
Plymouth to the main work srea. A total of more than 340

statlons were completed (excluding sub-stations),

The aims of the cruise were to investigate the areas of
interest revealed during the 1968 reconnaissance cruise. Of
particular interest werc the arcas of phosphatic rock on two
of the 1968 traverses, In addition, it was planned to study
further the use of bottom radicactivity measurements in locating

phosphate deposits.

Results of preliminary analyses on board the RRS John
Murray are extremely encouraging; indeed the results far
exceed our greatest expectations, The area of phosphatic

rocks (nodules) was mapped in greater detail. In much of
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the area the rocks proved to be detrital. Only in the more
northerly areas were rock fragments broken off larger (in
situ) masses recovered in any quantities., The rock hauls
often exceed' 100 1lbs in weight. One of the specimens given
to the Moroccan observer is reported to assay 0% P205; in

excess ef any previous published analysis of marine phosphorites.

Unexpectedly a zone of phosphate rich scdiments, unrelated
torthe rock sites, was found on most of the itraverscs. An
almost continuous zone of sediments exceeding 0.25% P205 with
some samples containing more than 3% PEOS vas detected at a
depth of about 200 metres. In addition, a number of phosphatic
areas close inshore were also obgerved. These results, which
could not be foreseen from the 1968 data, arc of great signie

ficance in terms of present day phosphate formation,

The radiocactivity survey is sufficiently encouraging at
this stage to have justified our discussing with the U.K.A.E.R.E.

Wantage, the joint development of improved equipment.

The preliminary rosults indicate that additional rescarch
is required in this arca., No doubt the results of the laboratory
work, which is occupying four students and staff full time, will

reveal further problemsa, particularly with regard to volatiles
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associated with the phosphatcs and the use of remote sensing

of such volatiles, However, at the present time, the maln
matters reéuiring further investigations are: (i) The exact
nature of the phosphatic rock (nodule) occurrences. FPhoto-
graphic studies will, it is belicved, be an-important preliminary
feature of this work. In order that the necessary minimum
sampling, sparker and radicactivity surveys could be completed,
no camers surveys Jere undertaken during the 1969 cruise;

(i1} The possibility of phosphatic sediment at 200 metres

in the area of upwelling to the south (the area nortﬁ of Agadir
is not normally an area of upwelling due to offshore winds);
(ii1) Morc detailed study of the inshore phosphatic sediments.
Only limited sampling has been done inshore; (iv) The area

of phosphatic rock to the south of the Canaries detccted in
1968; (v) The nature of the sediments benecath the shell sands

particularly south of the Canaries.

The carrying of Moroccan and Portugucsc observers proved
very successful. Because of the limited scientific accommoda-
tion, 1t was necessary to incorporate the observers into the
normal watch keeping system. This they also appeared to prefer
to being left as strict ‘obscrvers' outside the scientific

party. They expresscd great interest in the work and results
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and arrangements have been made to provide them with cuts of

samples from theldr respective shelfs.

Finally, it should be emphasised that the success of the
cruise was duc in large part to the wholehearted cooperation
between the officers and crew and scientists. In fact, the
distinction beilween scicntists and others was purely theoretical,
the resglts and programmes being discussed with the ship's
officers who made valuable suggestions on possible modifications

to dmprove overall efficiency.
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The RRS John Murray sailed from Plymouth immediately
after completion of shipyard work, on 5th January 1969. The
magnetometer was streamed on 6th January., High winds and
hravy seas were encountercd immediately after sailing and
persisted for the whole veoyage to Agadir. On 9th January
the weather deteriorated further and the ship sheltered for
19 hours off Puerto de Bayona. Agadir was reached on 1llith
January.

At Agadir two members of the scientific party, Dr Tooms
and the Morocecan cbserver, and a donkey man joined the ship.
The First Officer was flown home from Agadir for medical
reagons and one scientist, Mr O'Brien, was signed off,

On leaving Agadir perfect working conditions were
sncountered. A series of traverses were run in areas of
phosphatic rock detected during cruise 1, 1968, A sparker-
magnetometer traverse was undertaken along each traverse and
sampling carried out on a reverse track., Radicactivity
was measured at selected stations using a bottom counter,

A large number of samples werc collected; many being phos-
phatic. However, whilst good dredge hauls were obtained, the
rather soft metal of the dredges was generally badly bent and

eventually one of the dredges actually disintegrated.
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The Moroccan observer wished to attend a conference in
Rabat and the ship stood off Safi on the 23rd January to drop
him.

During the latter part of this Agadir-Casablanca leg a
number of pipe dredges were lost as well as a chain dredge with
the ground tackle. This latter loss was due to the swivel at
the head of the ground tackle being snagged. Because of this
iosa of sampling gear a detailed radioactivity survey, planned
for later in the cruise, was carried out. Two-thirds of the
way through this survey the counter was snapged and iost,
Following this loss all remaining traverses were surveyed using
the sparker, proton magnetometer and PDR and Casablanca was
entered one day early, on 30th January.

Bquipment was repaired in Casablanca and roplacements
obtained. The Moroccan observer rejoined and a Portugucse
obscrver also joined the ship. Scientists of the Institute
du Peche Maritime du Maroc were welcomed on board and there
wore useful discussions of environmental conditions on the
shelf.

The weather continued good for the remainder of the
time spent on the Moroccan shelf. Sampling of the traverses
was complcted on schedule on the 4th February 1969. The PDR
fish was rigged during the last traverse so that a comparison

could be obtained of results with the fish and with the hull
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transducer in shallow to deep waters. Midway from the Moroccan
to Portuguese shelf the wind strength increased and the fish
was bought inboard as in heavy weather the fish snatches on

the cable and is liable to be lost and under such conditions
can not be bought inboard without great risk to the crew and
fish. The record with the fish showed no improvement over that
wilh a hull transducer.

Work on the Portuguese coast was commenced 5th February.
Phis work was carrvicd out during contingency time which had
been allowed in case of bad weather after leuving the Moroccan
const. Three traverses were sampled across the wesé coast of
Fortugal following, in each case, a sparker/magnetometer survey.
Again the weather was good.

On the merning of the 7th February the ship anchored off
the quarantine station, Lisbon to drop the observers and three
other scientists. The anchor could not be raised and was
eventually left behind when the ship sailed. No major
scientific work was planncd for the Lisbon-Barry leg, which
was fortunate. High winds and heavy scas were encountered
throughout this leg. The RRS John Murray cntered Barry as

ascheduled on 12th February after a most successful cruise.
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The vast majority of the research was undertaken along

19 traverses across the Moroccan shelf and 3 {raverses across

the Portuguese shelf. On one of the Moroccan traverses only a

sparker/magnetometer line was completed: the results being

insufficiently encouraging to warrant sampling in the available

cruise time. In addition to these sampling traverses, a number

of sparker and/or proton magnetometer lines were run parsllel

to the shore.

The work completed on the various traverses (sec btrack

chart} is summarised below:-

Leg 1. Plymouth-Agadir
Stations 798-799

Leg 2. Agadir-Casablanca
Stations 800-1011

Leg 3, Casablanca~Lisbon

{a)} Moroccan Shelf
Stations 1012~1091

1 Proton Magnetometer Statlion
1 Continuous Seismic Profiling
station

13 Continuous Seismic Profiling
stations and Proton Magneto-
meter stations

92 Dredge stations

58 Grab stations

64 Radioactivity counter slations
§ Gravity core stalions

4 Water bottle stations

34 Dredge stations

37 Grab stations

8 Gravity core stations
3 Water bottle gtations
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Leg 3. Casablanca-Liston

(b} Portuguese Shelf
Stations 1092-1136 3 Sparker and Magnetometer
stations
16 Dredge stations
20 Grab stations
6 Gravity core stations

(Geophysical Data

As mentioned previously, proton magnetometer profiles were
undertaken during leg 1 from Plymouth to Agadir. In addition,
the magnetometer was streamed during most of the continuous
profiling traverses. The records were very satisfactéry although
there was considerable interference on the record when the
sparker was operating. The results have not yet been assessed.

Continuous selsmic profiling traverses were undertaken
along all the 21 sampling traverses. The results were uscd on
hoard primarily to control the selection of sampling sites.
llowever, the data are of considerable interest in their own
right and it is hoped to interpret the records more fully in
the near future. In shallow water (less than 100 fathoms) the
most satisfactory record and good penetration was obtained with
a 1000 joule‘system. To the south of latitude 33030‘N a
considerable amount of folding and faulting of the sediments
was observed with fairly numerous outcrops. In this area

there were also a number of minor unconformities within the
T
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the sedimentary sequence, Further north, on the Moroccan shelf,
the gediments are generally flat lying and few outcrops were
observed. On the Portuguese shelf considerable slumping and
folding of the sediment was cbserved although few rocks were
recovered in the dredge. In contrast to the Moroccan shelf,
a marked unconformity was apparent on the record between highly

folded older rocks and the more recent sediments.

Sediment; Rock and Water Samples

Sampling stations were sited at approximately 2 mile or
less intervals along cach traverse. The ﬁast majority of dredge
stations produced rock samples. These stations were largely
selected on the basis of the combined sparker and PDR records
and rarely exteeded 0.2 mi in length. In addition to the rocks
unconsclidated sediment was obtained at most of the dredge and
grab stations. However, in the less shallilow waters, over 100
to 200 metres, the samples in the grab tended to wash nut during
recovery.

Gravity core stations were collected at a number of
localities to stﬁdy the distribution of elements within the
sediment and also to investipgate the composition of the inter-
stitial waters in comparison with the overlying sea water.

Several of the cores exceeded & it in length. The cores were
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normally sectioned immediately on being bought inboard. As far.
75 possible, interstitial water was squeezed from the sediment
a5 soon as possible after sectioning. However, the rate of
squeezing was relatively slow and it was not possible, therefore,
to squecse all the samples as soon after collection as ideally
desirable. Accordingly, splits of certain samples were squeezed
immediately after collection s that the effect of delayed
squeezing could be assessed.

The vast majority of rock samples collected were limestones
or arglillaceous limestones. However, few rocks were collected on
the five most northerly traverses on the Moroccan shelf and on the
Portuguese shelf, Many of the limestones were phosphatic (Fig. 2).
These phosphatic rocks were often conglomeratic with commonly a
glauconitic cement. Partlcularly on the more southerly traverses
the vast majority of rock samples were boulders,

Unconsolidated sediment samples varied in composition from
sand to shell sand to muds. In the cores granulometric banding
wag observed and there was gencrally a marked change of colour
over the first few centimetres, probably reflecting variations
in the oxidation reduction potential.

Ship board analysis of the sediment camples disclosed a
zone of abnormally high phosphate contents at a depth of appro-
ximately 200 metres on the Morcccan shelf which was unrelated to

the occurrences of phosphatic rocks (Fig. 2). High phosphate
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contents were also observed in the vicinity of the phosphatic
rocks and at a number of localities close inshore. It is
possible that these inshore occurrences are more extensive than
indicated on the map as sampling was not normally extended very
¢lose inshore,

Only a few analyses of sediments was completed on the
Portuguese shelf and although some relatively high phosphate
coutents were observed, it is not possible at this time to make

any definite statements on distribution.

Nadicactivity Counter

Following the encouraging results obtained in the laboratory
on correlating high radicactivity with high P205 contents in rocks,
trials were made on this cruise using a bottom counter loaned by
the Atomic Energy Research Establishment, Wantage. Difficulties
were encountered due to the sensitivity of the electronics to
shock. This was a feature of this unit which, due to shortage
of time, 1t had not been possivle to fully check before sailing.
Because of this feature, it was nccessary to pay out enough
electrical cable to ensure that the counter was stationary on
the bottom which increased the risk of snagging and probably
contributed to the eventual loss of the counter., The counter
was.only marginally negatively buoyant and weight had, therefore,

to ve attached to cause it to sink rapidly.
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Counting at point sites raises a number of problems. In
particular, the counting was normally carried out at the end or
begihning of a dredge station and the results cannot be strictly
correlated with the dredge station. To overcome this it would
Ye ncccseary to use a towed counter. This would have the
‘advantage of giving a continuous record and would permit a
recovery line to be attached to the counter for use if the
clectrical cable parted when the counter was cnagged. It is
hoped’ to develop such apparatus in collaboration with the Atomic
Energy Research Establishment.

Counts ranging between 5 cps and 120 cps were.recorded.

At a number of stations the counts were also integrated over a
period of 100 seconds and a very good correlation was observed.
The majority of the higher counts could be correlated with phos-
phate dredge stations. However, a number of low counts were
recorded where phosphate was dredged and vice versa. This is
tentatively attributed to the fact that the counter was offset
from the actual dredge site., It is proposed to investigate
such anomalies further in the future using the underwater
camera and by carrying out additional dredge stations. During
the present cruise the limited time available was insufficient
to carry out such an investipgation without sacrificing certain
other aspects of the programme which wer: rated as of higher

priority.



(14)

- Stations Worked

In the foliowing list of stations many of the dredge sites
are given only a single lccation, This ia the location of the
commencement of the dredge station. Such dredge stations were
generally of a tenth of a mile or less in extent. For longer
dredge stations the location of the start and finish of the

statioh is given,
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Geochem. Cruise 11
RRS John Murray
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