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at Now stations plus a seismic reflection, bathymetric, and magnetic survey of the north
1pagos Spreading Center have provided additional data to further delineate a low heat
1ately 50 km wide running from 85.5°W to 88°W. This anomalous, low heat flow zone
ted to a graben which is found as a continuous, fault-bounded trough, offset by fructure
parallel to the present spreading center. Thin sediment, symmetric magnetic anoma-
roography, and a topographic step between the graben and the present spreading center
he central rift valley of a fossil spreading center which jumped to the south ~4 m.y. B.P.
i measurements appear to be a manifestation of our inability to measure convective heut
area of thin sediment cover. The thin sediment cover appears to be caused by (1) the youth
¢ crest relative to the surrounding sea floor and (2) burial by extrusive activity which
wed after the major components of sea floor spreading jumped to the presently active

instrument package [Klitgord and Mudie, 1974], and a large set
of heat flow measurements has been precisely navigated in
relation to the bottom by using ocean bottom transponders
[Williams et al., 1974]. The resulting survey delincated an
oscillatory heat flow pattern which varies systematically with
distance from the crest. Williams et al. [1974] concluded that
the heat flow pattern represented strong evidence for wide-
spread circulation of seawater into the oceanic crust at the
ridge crest. Williams et al. [1974] and Ribando ¢ al. [1975]
modeled the observed pattern and showed that it could be
caused by cellular convection within the oceanic crust. On the
north flank, Sclater and Klitgord [1973] and Sclater et al.
[1974] reported a low heat [low zone which corrcelated with as
yet unexplained local sediment thickness variations and possi-
bly with a large trough on the southern border of the low heat
flow zone. Sclater et al. [1974] suggested that the cause of the
low zone is high ‘effective permeability” which allows hydro-
thermal circulation and convective heat transfer to dominate
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{ralapagos Spreading Center
the Galapagos Rilt Zone by
izler [1967]) is one of the most
t = plate boundaries. In the past
misive cotlection of geophysical data on this
by vessels of the U.S. Naval
institution of Oceanography,

floor spreading ridge very near the magnetic cquator, the
magnetic anomalies generated by the Galapagos Spreading
Center are of large amplitude and are easily correlated from
profile to profile; however, correlation with the geomagnetic
time scale is more difficult. The crestal sequence of anomalies |
to 2" is of classic shape and agrees in every detail with the
theoretical shape generated by assuming symmetric sea floor

spreading [Sclater and Klitgord, 1973; Anderson et al., 1975].
The older anomalies, however, are another matter. To date the
time scale corrclation has been so dilticult that Sclater and
Klitgord [1973] interpreted a Glomar Challenger 16 profile as
indicating that a segment of sca floor north of the ridge axis
was missing, whereas Hey [1975] interpreted that same profile
as requiring an additional segment of sea floor north of the
ridge axis.

Other geophysical data present further confusing anomalics.
The heat flow has been extensively sampled with more than
300 values now measured on the Galapagos Spreading Center.
A portion of the crest has been mapped by a deeply-towed
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the thermal regime of the flank in a manner similar to that
proposed to occur on the crest. They attributed this renewec
hydrothermal circulation to either (1) sediment thinning so
that basement is in contact with scawater rather than blan-
keted by impermeable sediment as to the north and south
[Lister, 1972] and/or (2) dehydration caused by heating from
below [Anderson, 1972] which opens pluczed cracks and al-
lows renewed circulation to occur. The latter mechanism
should be related to age from the crest. whereas the former
should be related to sedimentation patterns.

In an attempt to determine the mechanism or mechanisms
responsible for the tow heat flow anomaly, we conducted u
geophysical survey of the north flank of the Galupagos Riit
Zone from 2°-3°N_87°-88"W and attempted to map the two-
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i asional extent of the low heat flow zone, the trough, and
inned sedimen: region. We report 16 new heat flow
cirements in o oscdhition to the results of that undesway
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2°N latitude and (2) during expedition Cocotow, leg 4 (Figure
1), we mapped this trough as a uonlmuous lopoamplm feature

ovionding [ QLO\LS o % >
iy o A e ASASL® AN - uu uu. COTOS .Lxu.xc\.

o asical survey. Our results help to resolve the tectonic

alt-88°W. We hu\'u reconlourcd the region from 1°S 10 4°N
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-.~os of the above-mentioned anomalous features of the
G.lopagos Spreading Center.

REGIONAL SETTING

1-e Galapagos Rift Zone is the central ridge segment of the
":nagos Spreading Center (Figure 1). The easternmost seg-
+e o of the spreading center, the Costa Rica Rift [Grim, 1970],
« unded by the Panama fracture zone, a transform fault
2w boundary betwzen the Cocos Plate and the Panama
[; w1 (which may be part of the Nazca Plate), and by the
fooador fracture zone. To the west, a scgment of the Gala-
r Spreading Center runs from the Galapagos fracture zone
w0 the Nazea-Pacific-C iriple junction at 2°N, 102°W
(Fiztre ). The crust generated by the Galapagos Rift Zone is
distupted to the nort 3 J}-" the Cocos and Carnegie
't to be hot spot trails from
[Morgan, 1973; Hey, 1975;
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and from 84°W 1o 88°W (Figure 2). The results of these two
detailed surveys and additional Lamont-Doherty Geological
Observatory lines in the area were used in the revision of the

Selater and Kliszord [1973] map. The major new feature of

Figure 2 is the trough trending cast-west from 2° to 3°N and
offset in at least three places by fracture zones. The trough
appears as a steeply walled graben with step-faulted sides as
shown in the seismic reflection profile trending perpendicular
to the trough along 87°W latitude (Figure 3). Sclater et al.
[1974] conducted a deep-tow bathymetric and magnetic survey
of the graben at 2°N, 86°W. They found basement exposed
along the boundary scarps, stair step faulting on the southern
flank, and a uniformly sedimented graben floor. The inferred
fracture zones appear as shoal regions with little sediment
cover connecting offset troughs. Tholeiitic pillow basalts re-
covered from the trough at ~2°30'N,
fresh with little manganese and plentiful glass, possibly in-
dicating that the trough is znomalously young for its present
position relative to the Galapagos Rift Zone crest.

HEAT FLOW MEASUREMENTS

Sixteen new heat flow stations were occupied in and near
this graben on the north flank of the Galapagos Rift Zone
(Table 1). All geothermal gradients were measured with a 4-m
Bullard probe. Thermal conductivities were measured on a
core within the trough at 2°30'N, 87°30'W by using the needle
probe method of Von Herzen and Maxwell [1959]. Individual
station conductivities were assumed by using both these new
values and previous measurements withir the survey area from
Langseth et al. [1966], Sclater ard Klitgor:. [1973], and Sclater
et al. [1974]. All conductivity values from these independent
sources were within 10% of each other. Each station was
evaluated for instrumental performance, and the local envi-

ronment of each was described in detail (Table 1b). In the”
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measurements (Figure 4). The low heat flow zone on the northi
flunk of the Galapagos Rift Zone can be traced as o contin-
vous feature from $3730°W to 88°W. Low heat How wus
consistently measured within and just to the north of the
graben (Figure 3). Thirty values within the low-zone average
1.3 = 1.13s.d. HFU (1 HFU = peal/em*s, | HFU X 4187 =
1 mW . m?), whereus 13 from the flanks which have high heat
flow average 4.72 + 0.77 s.d. HFU. The thermal gradients of |

majority of stations, four geothermal gradicnts were mi
sured. These were evaluated for systematic variations both
between and among individual data populations. All were
linear over the entire measurement range to an accuracy of
+10% (appendix).

The 16 newly reported heat flow stations, which bring the
total number of measurements from 2°=3°N, 86°--88°\W (o 43,
are systematic enough to be contoured, a rarity with heat flow
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Poe
PABLE B Heat Fiow Meuasurements on Cocotow 4 [
Depth, Penetra- !; j
Station Latitude Longitude m tion,em  A7T/AZ K Q ”J |
JTHF23 3PN 8O°32.0"W 2136 440 0.87 1.8 1.57 f ‘
26HF24 2°57.1'N 86°59.5'W 2870 320 354 1.8 6.38 3 el
29H F25 2943 4'N 86°34.7W 2690 440 2.8 1.84 5.04 ‘ 1 £
30HE268 2°29.5'N 877003 W 2880 0 P
JTHF27 2°09.1'N 8§7°01.3'W 2824 440 248 1.84 4446 { &
32HI28 2°02.1'N 87°03.3'W 2503 440 31 184 5.60 Py
33HF29 2°18.3'N 86°30.1"\W 2878 440 2.61 1.8.4 4.69 | £
34HE30 2°30.2'N 8O3 1W 3096 440 0.29 1.8 0.52 £
35HF3 2°41.5'N 86°52.9"\W 2721 440 0.63 .84 1.16 i 38
36HF32 2940.3'N LYARRICIANS 3214 440 0.00 1.84 0.00 i E
3TH 33 2°32.0'N 8§7°13.3"\ 29006 440 0.14 1.84 0.26 bE B
38134 2°204'N 877152 W 2736 440 230 1.84 +.50 i
39HE33 2°33.3N 87°26.4'W 2590 440 0.70 1.8 1.27
40H 1736 2°38.9'N 87°29.8'W 1910 440 1.38 1.8.4 2.50
4201137 2°21.'N 87935 1"W 2593 440 1.89 1.84 3. K i
G3H 38 2°19.7'N 87°44.5"W 2580 440 2.10 1.8 3.9 B
G439 2°34.1"N 87°352.6'W 2682 440 0.24 1.84 0.4 i , }
45HEH0 4700.2'N 8774417\ 1610 0 ot ok E
464 S°16.3'N 887378 W 3050 300 1.97 1.8 3.5 I ;
AT/AZ s the thermal gradient in 10 *C/m, K is thermal conductivity in meal/em s°C, Q is heat £
How in pcul/cm? s.
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TABLE 1b. Evaluation of Heat Flow Measurements on Cocotow 4
Statinn Ipstounantal Doarfarmagnaa D'nl;71: Lacal FEnciranmont
2723 4goodgradients § Ontopof 366=mk: Well-sedimented:
28HF24 2 gradients, partial 6 Station at base of 183-m gentle slope.
penetraiion, 30° tilt No clear cause of tilt or partial peretration.
29HE23 4 good grodients 8 Half way up 110-m scarp. Well sedimented.
Low. rolling hills.
30HI268 bounced 0 On side of large scarp of trough wall.
3IHE27 4 gradients & Flat terrain: > 36-m sediment.
32HE28 2 gradients, 2 oflscale becuuse 7 On top of 183-m hill. Well sedimented.
of high heat flow Generally flat relief.
33129 4 cradients 3 On top of small 91-m hitl. Well sedimented.
341130 4 gradients 8 Atbase of 1100-m scarp in trough floar.
> 36-m sediment.
35HF31 4 gradients 8 Gentle, well-sedimented flat terrain.
J6HE32 4 lincar gradients, full 8 On top of hill (183-m high). 72-m sediment.
penetration
3THF33 4 gradients 8 On scarp, 183-m sediment. Just off 386-m
deeper Hoor of valley and 110-m shallower
hill.
3SHE34 4 gradients 8 Gently undulating, well-sedimented sz floor.
IIHF3S 4 gradients 8 Half way up 183-m scarp. 18-m sediment
72-m relief.
4 gradients 8 Atbottom of 512-m scarp in trough.
' Rock scarp. 36-m sediment. 72-m relief.
42HE37 4 gradients 8 Atbase of 183-m hill. Flat to south.
> 36-m sediment.
4 gradients 8 Flat, gentle terrain. At base of 366-m hill.
4 gradients 8 Intrough floor. Well-sedimented 183-m
scarps on both sides.
bounced 0 On top of Cocos Ridge. Hard bottom.
Shallow.
202 il 2 gradients, 6 Flat, well sedimented. No indication

partial penetration

why there is tilt or partial penetration.

ments from instruments of
titution of Oceanography,
tution, and Lamont-Doherty
m heat flow probes of three
{the 4-m Bullard probe from

READING CENTER

1 0 to 10 depending upon instrumental performance, tilt, perctration dep:h.
1! conductivity was estimated or assumed. Local environmental descriptions ure from
wder and seismic reflection records in arca of each station. All are iwo-dimensionai only.

and

Scripps, a 2-m outrigger short probe from Woods Hole. and
outrigger probes on Ewing piston corers from Lamont-
Doherty and Woods Holej. Thus it is highly unlikely that the
low heat flow values are due to experimental error, and fur-
ther, the low heat flow zone and the graben appear to be

AT FLOW SURVEY OF FOSSIL GALAPAGOS
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: aausally related. Below, we will attempt to test causality by

2 pamining other geophysical parameters of the eraben svstem

1833

be interpreted as representing the magmetic anomalies from a

fossil ridoe svstem on the naeih Aol £l rresents et

ridge crest. The Cocotow survey has provided magnetic pro-

A

MAGNETIC ANOMALIES AND A FOssit RibGE CREST

.. Asmentioned earlier, Sclater and Klitgord [1973] interpreted
he rnagnetic anoinalies from the Glomar Challenger 16 profile
are 5a) as indicating Lo them that a section of sea floor was
~ nissing north of the Gulupagos Rift Zone. Hey [1975] pro-
ro-lalternatively that the Glomar Challenger 16 profile might

3

1SR BN W AT 10 Ry

files which confirm this latter interpretation. The Cocotow
4/Tripod combined profile at §7°W (Figure 5a) shows repeti-
tion of anomaly 3, a pattern which is diagnostic. of anomalies
about a fossil ridge crest [Herron, 1972]. Furthermore, this
repeated anomaly 3 sequence appears to. be symmetric about
the trough (Figure Sa). This suggests that the trough is a fossil
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Fig. 5. Mugnetic anomalies and topographic profiles on Galapagos Spreading Center. Profiles are compared to synthetic

anomalies gencrated by assuming that fossil ri

dge jumps exist to the north of the present crest.
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anomaiv 2" time (3=4 m.y. B.P.) and after anomaly 3 time (6

extinet ~2 m.y. B.P. (Figure 6)

m.y. B.P.}. Furthermore, we can correlate anomalies over the
entire northern flank of the Galapagos Rift Zone from the
crest to the intersection with the Cocos Ridge and from
85.5°W 1w 88°W (Figure Sa). On the Glomar Challenger 16
profile at §5.5°W, the fossil ridge is delineated by repeated
anomalies 2', indicating to us that the ridge became inactive
more recently than at 87°W. (A possible repeated anomaly 3
sequence to the north indicates an older fossil ridge or the
crossing of a fracture zone. We have no further data on this
seament of sea floor.) At 88°W the Cocotow 4/Tripod profile
(Figure Sa) shows that two fossil ridges might have existed, the
symmetry about anomaly 3 and the younger
metry about anomaly 2 (Figure 5a). Though a
=xists near the double 2 symmetry on the Tripod
> possibility of the generation of the extra anomaly 2

i the south flank (Figure 5a). Coco-
aitd 92.5°W also show anomaly 2
ridge which became inactive at that

herefore conclude from the mag-
Nazea acereting boundary has had a
v with a well-developed older fossil
85.5°W to 88°W which became
5) and a younger fossil ridge

extinci ~< m,¥

of u fracture zone can be eliminated because of

TorPOGRAPHIC EVIDENCE OF THE OLDER FossIL RIDGE

Vogt et al. [1969]. Sclater et al. [1971]. and Anderson and
Sclater [1972]} have demonstrated that a fossil ridge produces a
distinct topographic signature, since subsidence from the ridge
crest is a function of age only [Sclater et al., 1971]. Any age
discontinuity should produce a topographic discontinuity. The
fossil rift valley on the north flank of the Galapagos Riit Zone
is at the crest of the anomalous shoaling in topography noted
by Sclater and Klitgord [1973] (Figure 3a. Glomar Challenger
16 profile). Further. on the Cocotow 4 profile at 87°W, a
distinct topographic step exists to the south of the fossil crest
marking the boundary between crust generated at the fossil
ridge and that generated at the presently active Galapagos Riit
Zone crest (Figure 3a). A companion step in topography
which should exist to the south of the present crest is obscured
by the Carnegie Ridge. Similar topographic and magnetic
patterns have been identified on the flank of the Galzpagos
Spreading Center between 91°W and 93°\W [7réhu., 1973 Hey.
1975]. The present crest of the active Galapagos Rift Zonz has
a topographic peak, whereas the fossil ridge has a graben or
central rift valley. The change in topography might indicate
that the cessation of spreading on the fossil ridge took place
over a finite time in which the spreading rate dropped slowly to
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;. producing crestal topography characteristic of very slow
eading ridges [cf. Anderson and Noltimier, 1973].

Galapagos Rift Zone because we measure only the conductive
heat transfer with present techniques appears valid. A signifi-

. SEDTV=NT THICKNESS ON THE GALAPAGOS RIFT ZONE

L{._L\.»J—\.—l—l—l.—&—k.u MJ-&—LU—L{H—HCfH—H—eHFHHfHH—k}HL(FH 3T —\’vrl—

flocr interface appears to be by convective heat transport wheén

purther evidence for the existence of the fossil ridge at
-"N is found from an examination of the variation in
dment thickness to the north of the presently active crest.
«diment thicknesses at ~2-km intervals were determined by
v the Cocotow 4 seismic reflection profile at 87°W (Figure
om the crest of the Galapagos Rift Zone at 0°50'N to the
coos Rifoe at 3°30'N (Figure 7). Sediment thickness in-
es liseody with distance from the crest to ~2°N; it then
s to the fossil graben and then thickens again to the Cocos
. A sedimentation rate of 40 m/m.y. was determined
v anomalies | 10 2’ on the presently active crest, Extrapo-
«1 of this rate to the north produces an age for the fossil
of ~4 1y, B.P. and an age distribu tion in general agree-
«twith the magnetic anomaly identificati of Figures 5a,
ad 6. We feel that the corre yetween thase various
ol geophysical data is. def i
ia Tossil ridge centered on t :

¢ then constructed a plot of haat flow v
vof the presently active crest {
: 73 The 100 heat flow m
¢ ¢ 7y show a gross correlati
1 liow increases from the crest us
=5, decreuses as sediment thict
“nd then increases again as
»from the fossil ridge to t
simniler 2orrelation was firs
“wea Ridgs and at

s fer framt b
SCr rom  ay

ive evidence for the exist-

tan of Lo impermeabl
et refic D Williams et al,

Ti974)and

dre cause
conelusion of Li
heat flow is measurad

one

the sediment cover is not sufliciently thick to blanket basement
relief. ,

Sclater et al. [1974] classified the local environment of each
heat flow station which they occupied north of the Galapagos
Rift Zone. They attributed the low heat flow measurements in
the region to local outeropping of basement caused by sedi-
ment thickness variaticns. We propose here that a further
effect of sediment thickness variations is also evident in the
heat flow distribution on the north flank of the Galapagos
Rift Zone. L.ow measurements were recorded by us not only in
sediment ponds near rock outcrops but also in areas with flat
relief (Table 1, station 35HF31) (Figure 3) and no outcropping
rock (Table 1, station 27HF23). These low measurements still
correlate with sediment thickness, however, in that although
the sediment cover is uniformly draped over the basement, it is
thin (generally <150 m thick). Perhaps convective transfer of
heat by hydrothermal circulation is possible through a uni-
form sediment cover as long as it is thin [4nderson and Hobart,
19751, as seen on the south flank of the Galapagos Spreading
Ceoier where high heat flow is found in >350 m of sediment
cover [Williams et al., 1974]. Though the sedimentary cover
reciaiced to prevent convective heat transfer on the south flank
is [5s than that on the fossil ridge, the topographic relief is
also less, and as Anderson and Hobart [1976] point out, it is
probably this ratio which controls the heat transfer mecha-
nisms.

The variation in the sediment cover appears to be tecton-
ically controlled. But why there is so little sediment in the fossil
rift vaiicy remains problematical. If an instantancous ridge
p had occurred in this region, the sediment cover would
not thin on the fossil crest but would be similar to that at the

juiip boundary. The lack of sediment in the graben suggests

that extrusive activity might not have ceased when the accret-
int plate boundary jumped to the south. A possible explana-
tion for the existence of the above-mentioned fresh basalts in
the graben is that subsequent volcanic extrusions occurred
after the ridze jump. This volcanic activity might have covered
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(Top) Sediment thicknesses derived at 2-km intervals from seismic refiection profile of Cocotow 4, track along

57\ fongitude (Figure 3), plotted versus distance from crest of the Galapagos Rift Zone. (Bottom) Heat flow values
plotted versus distance from crest of Galapagos Rift Zone. Sources are this paper, Sciuter and Klitgord [1973), Sclater et al.
[1974). Van Herzen and Anderson [1972), Langseth et al. [1966], Von Herzen and Uyeda [1963], and Auderson and Hobart

(1976].

the floor of the graben, burying sediment. If this is truc, then
the original graben must have been much deeper than it is
now,

The existence of the low heat flow zone, its correlation with
thin sediments, and the correlation of this environment with
hydrothermal circulation on active ridges (Lister, 1972; Wil-
liams et al., 1974] suggest that the convective hydrothermal
activity on the fossil ridge continued long after the major
component of sea floor spreading jumped to the presently
active center.

TECTONIC IMPLICATIONS OF THE RIDGE JUMP

Sclater and Klitgord [1973] reported that the Carnegie Ridge

P2 el T

truncates crust of anomaly 2° time from 88°W to 86°W,
whereas the Cocos Ridge truncates anomalies 4 to S from 88°W
to 86°W. They concluded that since the Cocos Ridge wus ‘age
progressive” from southwest to northeast, whereas the Carnegie
Ridge appeared to be 3-4 m.y. old over the same geographic
interval, the two ridges were tectonically unrelated and therelore
could not be hot spot trails formed as the Cocos ad Nasesa plates
moved over the Galapagos hot spot. Hey [1975] suggested that
this geometric dilemnma could be resolved if a fossil ridge
existed to the north of the present crest. Then the Carnegie
Ridge would be truncating older aged crust than that proposed
by Sclater and Klitgord [1973]. Our mapping ol the fossil ridge
north of the Galapagos Rift Zone has removed the Sclater and
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raBLE 2. Averages of the Departures of the Individual Interval
prermal Gradients From the Average Gradient at Each Station
com Tauble la and From Additional Heat Flow Stations in the

Arci From Anderson and Hebarr [1976—Fable—t- —

TABLE 3. Calculation of the Average Differences Between Deepest
Measured Thermal Gradient (340-440 cm) and Shaliower Gradients
in Percent of Deepest Gradient

B 70 150 290 390

—algebraic departure 0.2 —-38 54 0.3
nean gradient, %

+ absolute value of de- 5.8 6.3 9.0 4.2

wure from mean gradient, %

/- depth in centimeters.

iivord [1973] objection to the hot spot trail origin for Cocos
wd Carnegie ridges.

I: is interesting to note that the present ridge from 95°W to
$3°Wis the only segment of the Galapagos Spreading Cen-
exhibiting topographic, magnetic, and petrologic charac-
ristics of the ("v" apagos hot spot ge oct"*micz\l anomaly [Vogt
{ Johnson, 1'173; Anderson et 2i., 1 run is, shoual topog-
! unoma.uus!y high magneati shitudes, and
nely hich FeO* and ons have been
rped over this segmentof t! Spreading Center.
ov [197S] sugzsests that the ed to the south to
nain near the hot spot. This
iusion, since only that g
crochemical effects of pro=
2 wouth.

:d to a graben, tha
cean ridge syst
ind that the
nniing related to the

RoM

BADENT
PRADIENT
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AVPENDIX: VARIATION OF

THE SL‘RF:\(‘i:’ To G
pape {in the
Cocotow, leg 4,
'alu“'”«-d at

cmper 1uu., gradients reporizd
r i) Arnilerson and Hobart |13
npps Insmmion of Oceanogranh
iepths of 70, 190, 290, and 390 ¢m from thermisior sensors
‘dat 0, 140, 240, 340, and 440 ¢m {rom the auriucc of the
:nt when the 4.5-m probe achieved full penciration. The

! number of such stations was 27 (Tubie | and Anderson
& Hobart [1976, Table 1]. Table 2 gives the average of the
nertures of the individual gradients from the average
thent at each station with regard to sign in the first row and
noul regard to sign in the second. The small values in the
tow show that there is no measurable bias with respect to
“hiiie., the sum of positive and negative departures from
werage gradient is close to zero at all the depths. The
noee absolute values of the departures for the four depths,
v, 6%, 6%, 9%, and 4%, do not indicate any trend but
rgive us a measure of the accuracy of the measurements,
mstrumental contribution to these errors is believed to be
ssmadler, [tis presumed that these errors are principally

4 by variations in thermal conductivity existing naturally
sediment or produced by the inixing of the sediment by
crietration of the probe. An attempt was made to in-
ate this latter hypothesis by assuming that the deepest
CHL(Ey90) Was the true oneg, since it is least disturbed, and

vVer-

e — d//Algchmic_
- O O O O 00— = d= d= Depth d, cm Diflerences, %

Differences, %

70 -0.5 9.0
190 =21 9.4
290 2.7 6.8

The following equation was used to derive the algebruic und ab-
solute value difierences: —%ZH (g) d — (g) 390, (g:) 390.

calculating the average differences between this gradient and
the shallower ones (gu40, 100, and g7) in percent of the deepest
one. Table 3 shows again that the differences balance well with
regard to sign and that the absolute values of the departures
are on the average 9.0, 9.4, and 6.8%,. or about the same as
when the gradients at the different depths were considered.
These results confirm that the 2-m probe with which most of
the Scripps Institution of Oceanography and Japanese heat
flow stations have been taken penetrates the ocean mud far
enough to yield reliable temperature gradients.
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