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PREFACE 

This report was prepared on the USC&GS ship Oceanographer during 
and immediately after a survey of portions of the Juan de Fuca Ridge 
and Blanco Fracture Zone. The results are preliminary and subject to 
possible revision and modification . Depth soundings are not corrected 
for variation of sound velocity with depth, and the batbymetric, magnetic, 
and gravity profiles are not finalized. Shipboard identifications of 
some of the very fine-grained rock samples are tentative. This report 
is intended for r estricted circulation and should not be copied or re
produced without not ing the preliminary nature of this report. The rocks 
collected during this study are in the petrology collection of the National 
Museum of Natural History. 

William G. Melson 
Chief Scientist 
Geophysics of the Juan de Fuca 

Ridge Project 

iii 



ABSTRACT • • 

IM'RODUCTIOB • 

BATHYW!TRY • • 

• 

• 

• 

• • • • 

• • • • 

• • • 

• .Methods and Scope 

Juan de Fuce Ridge • 

Blanco Trough • • • 
Parka Se&110unt • • • 

(X)lfl'E!fl'S 

• • • • • • • • • • • • • • 

• • • • • • • • • • • • • • • 

• • • • • • • • • • • • • • 

• • • • • • • • • • • • • 

• • • • • • • • • • • • • • • 

• • • • • • • • • • • • • • • 

• • • • • • • • • • • • 

ff:TROLOOY • • • • • • • 0 • • • • • • • • • • • • • • 

Juan de F'Uca Ridge • • 

Blanco P'racture Zone • 

• 

• 

• • • 
• • • 

• • • • 

• • • • 

• • • • • 

• • • • • • 

MlGIE'l'ICS • • • • • • • • • • • • • • • • • • • • • 

GRAVITY • • • • • • • • 

DRBOOIJrG • • • • • 

PreH ure Recorder 

Tension Recorder • 

• 

• 

• • • • • • • • 

• • • • • • • • • • 

• • • • • • • • • • 

• • • • • • • • • 

AGIS OF ROCIB AJID BATBYMrrRIC FEATURIS • • • 

• • • • • 

• • • • • 

• • • • 

• • • • • 

• • • • • 

ACICltQiU:OOtsftS • • • • • • • • • • • • • • • • • 

RBPBRBlfCZS • • • • • • • • • • • • • • • • • • • • 

T 

.!!E. 

viii 

l 

4 

5 
5 
5 
8 

10 

10 

10 

17 

22 

24 

2~ 

26 

26 

27 

28 



1. 

OOMEBl'S ( Cl:>ntinued) 

FIGURES 

Survey area and its major bathymetric :features • • • 

2. I.oc,ati.on of survey area in relation to ,previous 
detailed magnetic surveys • • • • • • • • • • • • 

4. 

Survey lines for geophysical study of Juan de 
Fuca Ridge -· t.E>C&GS ship Oceanograpber 1 

October 15-16, 1968 •••••••••• . . . 
Bathymetric and magnetic anomaly profiles 

across Juan de Fuca Ridge • • • • • • • • • • • • 

5. Batbymetric p.ro:files of Blanco Trough and Parks 
Seamount in Blanco Fracture Z.One, and positions 

6 

7 

o:f rock dredges 1 1 2 1 5, and 6 • • • • • • • • • • 9 

6. 

7. 

Profile o:f dredging locality in Blanco Fracture 
Zone and positions of dredges 13, lli., and 15 • 

Prellm1nary ugnetic anomaly up o:f region near 
Juan de P'uca - Blanco Trough Junction • • • • 

8. Southermnost .magnetic profiles o:f survey c0111pared 

• • 16 

• • 18 

to profiles near Mendocino P'racture Zone • • • • • 20 

9. Sunmary magnetic anomaly map shoving hov the area 
surveyed relates to previous surYeye • • • • • • • 21 

10. Gravity and magnetic anomaly profiles acrosa 
Blanco Trough • • • • • • • • • • • • • • • • • • 23 

ll. Dredge array waed tor Juan de Fuca Ridge Project 

Tables 

1. Division of scientific work during cruise • • • • • 

2. Cl:>ntents, locality, depth interval, and 
total weight of dredge hauls • • • • • • • • • 

Qlemical analyses ot :fresh basalt• • • • • • • • 

• • 

• • 

25 

12 

14 



CX>Ifl'ElfrS ( Cbntinued) 

Plates 

l.. Basalt vi th glassy rind, Juan de Fuca Ridge • • • • 29 

2. Basalt exhibiting convolutions, Juan de 
.Fuca Ridge • • • • • • • • • • • • • • • • • • • 30 

Vesicular basalt, .Blanco Trough, Parks 
Seamount • • • • • • • • • • • • • . . . . . . . 

4. Do1erite 1 Blanco Trough • • • • • 0 • • • • • • • • 

5. Basalt t uff, Blanco Trough • • • • • • • • • • 

vii 

}l 

32 

}} 



ABSTRACT 

Preliminary results of a 14- day cruise by the USC&GS ship Oceanographer 
to the area near the junction of the Juan de Fuca Ridge and the Blanco 
Fracture Zone are r eported . About 10 full days of bathymetry (using a 
narrow beam transduce r), magnetics, and gravity were. completed. Fifteen 
dredges were attempted, 13 were successful. A striking bathymetric sym
metry up to 15 miles on each side of the axis was found on five crossings 
of the Juan de Puca Ridge. This symmetry extends at least 17 and possibly 
30 nautical miles along the Ridge axis . Relief features, ranging from 100 
to 20 fathoms, were f ound to correlat e with similar features across the 
axis . Thi s batbymetr i c symmetry is mor e striking t han the magnetic sym
metry and is an independent line of evidence in support of sea- floor spread
ing. A small, median perched graben along portions of the Juan de Puca 
Ridge axis is floored by very recent basaltic flows which have unusual 
surface structures . 

Numerous textural varieties of fresh basalts were dredged from the 
Blanco Trough and Parks Seamount. These are probably ma.inly "oceani c 
thole iites" ( l ov ~O subalkaline olivine basalts), alt hough alkali olivine 
bas a lts may occur on Parks Seamount. Dolerites and fine - grained gabbros 
were dr edged from the Blanco Trough and from a ridge in the eastern part 
of the Blanco Fracture Zone, suggesting possible exposures of parts of 
seismic layer 2 of the oceanic crust . No serpentinites, serpentinized 
peridot ites, or coarse- grained gabbros, rocks common in Mid-Atlantic Ridge 
fracture zones, were noted in the Bl anco Fracture Zone . 

Magnetic evidence supporting the hypotheses that the strike of the 
Blanco Fr acture Zone is changing and becoming parallel to the San Andreas 
Fault was found . The lineations of the Juan de Fuca system continue unin
terrupted across the northwest extension of the Blanco Fracture Zone, 
showing that the zone could not have had its present strike 2 million years 
ago. 
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PRELIMINARY RESULTS OF A GEOPHYSICAL STUDY OF 
PORI'IONS OF THE JUAN DE FUCA RIDGE AND 

BLANCO FRACTURE ZONE 

William G. Melson 

INTRODU!TION 

This report swnmarizes the preliminary results of the first portion 
of a proposed systematic study of the Juan de Fuca Ridge and immediate 
environs (fig. 1) . The methods of study included routine bathymetric, 
magnetic, and gravity survey lines, and 15 dredge stations. Data pre
sented here include summaries of the major bathymetric, magnetic, gra
vity, and petrologic features of the surveyed region. Table 1 lists 
the scientists who participated in the shipboard study and in the pre
paration of this report. 

The survey area includes the southern portion of the Juan de Fuca 
Ridge, and the Bl anco Fracture· Zone. This specific portion of the pro
posed survey area was chosen for initial study because: (a) there may 
be major petrologic differences between the Ridge and the Fracture Zone, 
perhaps similar to those observed in the mid-Atlantic and of importance 
in constructing petrologi c models of the oceanic ridge system (Melson, 
1968); (b) this region is of particular interest in models of sea- floor 
spreading based on magnetic anomaly patterns (Morgan, 1968) and yet has 
not been magnetically surveyed (fig. 2); and (c) metabasalt tragments, 
perhaps indicative of the presence of exposures of the deeper oceanic 
crust along fracture zone f aults, have been described f rom piston cores 
from the Blanco Fracture Zone (Duncan, 1968) but, prior to this study, 
had not been reported in dredge samples from the Pacific ridge and 
fracture zone system. 

Most of the survey lines are clustered along the Blanco Trough and 
the southernmost portion of the Juan de Fuca Ridge (fig. 3). The amount 
of survey miles was considerably less than anticipated, because of foul 
weather during the survey period. A large swell (6-12 ft) was encountered 
throughout the survey, and there were gale winds on october 16, 21, 23, 
and 24. Rough seas (5-8 ft) occurred on October 17, 19, and 22; very 
rough seas (8-12 ft) on October 15, 16, 18, 201 23, and 24; and high seas 
(12- 20 ft) on October 21. 
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Table 1. -- Division of scientific work during cruise 

Be.thymetry and sampling Control 

John Duncan2 
Thomas Simkinl 
William Melson1 

Magnetics and gravity 

Jason Morgan2 

F.dward Higgins2 

Petrology 

Harold Be.nks1 

David Gottfried3 
William Melson1 

1. Division of Petrology and Volcanology, Smithsonian Institution, 
Washington, D. C., 20560. 

2. Department of Geological and Geophysical Sciences, Princeton 
University, Princeton, New Jersey, 08540. 

3. U. S. Geological Survey, Washington, D. c . , 20242. 

BATHYMETRY 

The survey area is characterized by rugged bathymetric features that 
can be grouped into two distinct but related provinces: ( 1 ) the north
northeast trending Juan de Fuca Ridge, and (2) the west-northwest trending 
Blanco Fracture Zone. These provinces form the western and southern borders, 
respectively, of Cascadia Basin (fig. 1). The Blanco Fracture Zone is 
about 250 nautical miles (mni) long and can be traced eastward from 1310W 
to a point 15 miles west of the foot of the continental slope off southern 
Oregon. The zone consists of a series of individual parall el and subparralel 
ridges and troughs with many of the ridges rising to water depths of 1300 to 
1200 fathoms (fm). The troughs extend to depths of as much as 2500 fm and, 
with the crests of adjacent ridges, form a relief of up to 1600 fm. The 
crest-to-trough relief generally is on the order of 400 to 600 fm. 

The Juan de Fuce Rid§e merges into the western extremit y of the Blanco 
Fracture Zone at about 44 30'N. In general, along most of its extent, the 
Ridge does not have a crest or a median valley as pronounced as those of 
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typical mid-ocean ridge systems. Instead; the relief is more subdued and 
less distinctive. The crest of the Juan de Fuce Ridge is generally at a 
depth of 14oO f~, although numerous seamounts have sunnnits at much shal
lower depths. 

Methods and Scope 

New batbymetric data were obtained in the survey area along the 
track.lines as sho"'11 in figure 3. All soundings were made using a Precision 
Depth Recorder coupled with a stabilized narrow beam transducer. This 
equipment made it possible to obtain excellent PDR records which sharply 
outline the bottom features of the rugged area studied. Positioning for 
all track lines was accomplished by using Loran A fixes at 15-minute in
tervals. The positions of the fixes are estimated to be within l to 0.5 
nmi of their true locations. 

The batbymetric track.lines during this study were limited to specific 
physiograpbic and magnetic features of particular interest. The survey 
centered largely around the westernmost portion of the Blanco Fracture 
Zone and the adjoining portion of the Juan de Fuca Ridge . In particular, 
a deep trough, herein called "Blanco Trough" (fig. 1), was surveyed along 
north-south track.lines spaced at 5-mile intervals (see dashed inset of 
fig. 3). In this report, the discussion of the bathymetry is confined 
to the most significant features and trends noted in the preliminary exam
ination of the PDR profiles. 

Juan de Fuce Ridge 

The transverse track.lines of the Juan de Fuce Ridge in the interval 
between 44°30 1 N and 45°00 1 N reveal remarkably symmetrical profiles which 
provide strong independent evidence for sea-floor spreading. A 10- to 
perhaps 30-mi segment of the ridge is characterized by transverse pro
files. similar to the profile sho"'11 in figure 4. The noteworthy features 
are the flat-bottorred axial rift valley, with 60 fm of relief, and the 
steeper slopes at 4 and 10 mi on each side of the ridge crest . Upon 
closer inspection of the profiles, several other symmetrical features of 
secondary order are also evident. The syrmnetry is detectable as far as 
15 mi from the crest, but becomes less apparent with distance away from 
the crest. 

Blanco Trough 

An attempt was made to prepare a preliminary contoured bathymetric 
chart of the Blanco Trough. However, the slopes and ridge crest which 
border it were found to be topographically ccmplex, and not simple north
west trending structures as had been anticipated. Scarps that trend 
roughly northward appear to be common, and numerous small, steep-sided 
features mark the east and west extremities of the trough and its 
bordering slopes. 
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Figure 3.--Survey lines for geophysical study of Juan de 
Fuca Ridge--USC&GS ship Oceanographer, October 15-26, 
1968 . Dashed line indicates limit of special survey 
of Blanco Trough. 
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Figure 4.--Ba.thymetric and magnetic anomaly profiles 

across Juan de Fuca Ridge. 
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The trough reaches a maximum depth of around 2500 fm and has a sill 
depth of about 1600 fm. The deepest sounding obtained was 2550 fm (un
corrected). The area which lies below 2500 fm is estimated to be no more 
than 6 nmi long and averages about 0.3 nmi wide. The minimum slope of 
the trough's sides is about 20°; maximum slope angles are nearly 50°; and 
typical slopes are between 20° and 30° (fig. 5). The trough is asjfmmetri
cal along its axis; it rises rapidly to 1600 fm in the east, but does 3ot 
reach that depth until near or perhaps beyond its junction with the Juan 
de Fuca Ridge . 

The Blanco Trough is interpreted to be a graben, formed by approxi
mately north-south directed tension along the western part of the Blanco 
Fracture Zone. This view is consistent with the gravity anomalies that 
were obtained across the feature. 

Parks Seamount 

This feature appears to be a volcanic edifice . Its shield-shaped 
profile has a long approximately east- west axis and a narrower north
south axis. The seamount appears to be distinctly separated from the 
Blanco Trough by a gentle slope or shoulder between the 1600- and 1700-fm 
contours . It also is petrologically and magnetically distinct from the 
Blanco Trough. Minimum depths of about 900 fm (uncorrected) were found 
on crossings of Parks Seamount . No attempt was ma.de to determine system
atically the minimum depth. It undoubtedly is somewhat less than 900 fm. 



Figure 5.--Ba thymetric profiles of Blanco Trough 

and Parks Seamount in Blanco P'racture Zone, 

and positions of rock dredges 1, 2, 5, and 6 . 
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PETROLOGY 

Attempts were ma.de to characterize the rock types of the major 
bathymetric features . In most cases, a series of dredges were made at 
different depths up the same slope. Dredge sites were selected a~er 
bathymetric profiles were run, and dredge intervals on the same general 
slope were selected on the basis of steps or of discontinuities in 
slope angles. Dredge samples taken on this basis revealed considerable 
petrologic variations on the same slope. 

There were 15 dredge stations (fig. 3) and bottom materials were 
obtained at all but two stations (stations 4 and 8) . Table 2 swmnar
izes the kinds of rocks found in each dredge, locality of sample, dredge 
depth interval, and approximate total amount of sampl e . Rock identifi
cations were facilitated by on-board. diamond sawing, binocular micro
scope inspection, and by petrographic determination of optical properties 
of minerals in difficult- to-identify samples. A discussion of notewortty 
features of the rocks from the two main bathymetric regions follows. 

Juan de Fuca Ridge 

All samples are of basaltic lavas. The basalt samples in dredge 10, 
which were taken precisely from the flat, center portion of the median 
graben, are usually fresh and show marked structural differences from 
pillo;..r lavas. The basalt fragments, most of which were broken from a 
flow surface, typically are thin (plate 1) and have a considerably thicker 
glass zone on one surface, presumably the outer surface, than on the other. 
Some show convolutions and other complex forms that were produced during 
the flow. Perhaps the differences between these basal ts and the much more 
commonly dredged pillow lavas is attributable to differences between flow 
behavior on horizontal and sloping surfaces . In other words, pillow lavas 
may require down slope movement for their formations . Samples dredged 
farther down the slopes, and thus at greater distances from the center of 
the Ridge, consist of basaltic pillow lava fragments, with some manganese 
encrustation. 

Chemical analyses of two fresh basalts from the median graben of the 
Juan de Fuce Ridge show that they are similar compositionally to most deep 
sea basalts except for slightly higher iron content (table 3). Also, 
one of the samples (2 in table 3) contains nonnative quartz, a feature 
rarely found among deep sea basalts. 

Blanco Fracture Zone 

Parks Seamount appears to be an irregularly shaped volcanic edifice, 
composed of pillow lavas which may range from typical "oceanic thole ii tes" 
to alkal i olivine basalts. It has a typical shield vol cano profile in a 
north-south direction (fig. 5), but is elongated in a roughly east-west 
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direction. Figure 5 shows the dredge stations on the northern slope of 
Parks Seamount. The dredge on the middle slope (dredge 1) yielded a 
large collection of basalts including numerous textural varieties. Most 
were angular talus fragments, with thin manganese-rich encrustations. 
The fragments commonly show the radially developed columnar structure 
and outer variolitic glass rinds which characterize pillow l ava fra~nts. 

Sawed surfaces on some samples reveal numerous vesicles (plate 2), 
some of which are filled by soft, turquoise - colored mineral or mineral 
aggregates, which are as yet unidentified. Most samples contain at 
least a few scattered phenocrysts of olivine and plagioclase, and rare l y 
there are aggregates of these phenocrysts; some samples contain abundant 
and large phenocrysts (~inch in length). The phenocrysts are rarely 
rounded. A few large grains are rounded and may be either res orbed 
phenocrysts or xenocrysts. 

A lower dredge (dredge 2) yielded additional fragments of pill ow 
lavas from talus . In contrast to the upper dredge, ves i cles are rare, 
and mineral-filled or partially filled vesicles were not noted. Similar
ities to the upper dredge include scattered phenocrysts of plagioclase 
and olivine • 

Tantatively, based on as yet cursory examinations, the lower dredge 
appears to contain basalts with typical textures and mineralogy of the 
"oceanic tholeiite" family (low ~O E>livine basalts), whereas the upper 
dredge, based on the greater number of phenocrysts may contain alkali 
olivine basalts as well as "oceanic tholeiites." The greater vesicularity 
of the upper flows is attributable to (a) higher volatile contents than 
those of the flow fra~nts recovered in the deeper dredge, or (b) equal 
volatile contents of all the lavas, but the shallower depth (lower pres
sure) of extrusion of the upper flows, or (c) a combination of these. 

Blanco Trough is characterized by fresh to weathered basal.ts, basaltic 
breccias (plate 5), outcrops of dolerites (plate 4) in its central portion, 
a few fragments of low-grade hydrothermally altered basalts, and by un
altered basalt on the north side near its eastern end. 

Dredges 5 and 6 (fig. 5) from the northern slope of the Blanco Trough 
yielded basalts which macroscopically appear to be "oceanic tholeiites;" 
that is, they are mainly aphanitic and contain a fe.., scattered phenocrysts 
of olivine and plagioclase. Saponite and a mixed-layer clay (predominately 
also a smectite), identified by the method of Warshaw and Roy (1961), are 
abundant in all of the altered rock types from this region. These clays 
occur as devitrification products of basaltic glass, as veins and vesicle 
fillings, and in pools disseminated throughout the host rock. 

Fragments of greenstone were recovered in a core taken at the base 
of a ridge near the eastern end of the Blanco Fracture Zone (Duncan, 1968). 
These consisted in part of the typical greenschist facies assemblage 
albite-epidote-chlorite-actinolite, and included probably lower grade 
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Table 2.--Gbntents, locality, depth interval, and total 
veight of dredge hauls 

DREDGE HAUL NUMBER 

DREDGE CONTENI'S 1 2 3 5 6 7 9 10 11 12 

BASALT 

--- altered {ma.inly due to 
submarine veathering) ••••••• R R 

--- pillow fra.gnEnts .............. A A c c 

___ porphyritic, vith plagioclase 
and olivine phenocrysts .... A c c c 

porphyritic, with abundant --- plagioclase phenocrysts .... R c c c R 

___ porphyritic, with abundant 
olivine phenoc rysts ........ R c c c c R 

tuff .......................... c c ---
vesicular ..................... A R R R c R c ---

OOLERITE 

fresh • • • • • • • • • • • • • • • • a • • • • • • • • R R ---
--- hydrothermally end/or 

dueterically altered ....... c c 

GABBRO, FINE-GRAINED 

GLASS, BASALTIC (individual fra.grrents 
and/ or rind on pillO\I fragments) 

de vi trifled ••••••••••••••••••• c c c ---
fresh ..... ............... " ... R c R R c A ---

GREENSTONE •••• ti •••••••••• ' ........... 
R 

breccia ...................... ---
MANGANESE CRUSTS .................... R R R A R c 

MANGANESE NODULES .................... 
SF: :U.lErll' 

lithified .... ................ R ---
unconsolidated •••• •••••••••••• A R R A R ---

P"ORAM.I:NIF"E AA. • • • • • • • • • • • • • • • • • • • • • • • • R A R R 

KEY: A abundant; C common; R rare. 

13 14 15 

c 

R 

c 

R 

R 

A A 

R 

A 
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Table 2.--0:>ntents, locality, depth interval, and total weight of 
dredge baul.s--O:>ntinued 

NUMBER AND DESCRIPl'ION OF DREDGE HAUL 

1 . Upper south side of the central part of the Blanco Trough (Parks 
Sea.mount), 44°15 'N, 129°50'W . Dredge interval, 2482- 2655 m. Dredge 
contents, 100 lbs . 

2 . Lower south side of central part of the Blanco Trough (Parks Seamount), 
44°16 1N, 129°55'w. Dredge intervals, 3042- 3995 m. Dredge contents, 
75 lbs. 

3. Knoll, southwest of Parks Seamount, 44°10 'N, 130°25'W. Dredge interval, 
2435-2560 m. Dredge contents, 5 lbs . 

5 . North base of the eentral part of the Blanco Trough, 44°20'N, 129°55'W . 
Dredge interval 4090-4392 m. Dredge contents, 75 lbs. 

6. Middle portion of the north side of the central part of the Blanco 
Trough, 44°25 'N, 129°55'w. Dredge interval, 3084 m (constant) . Dredge 
contents, 75 lbs . 

7 . Middle portion of the southwest side of the J uan de Fuca Ridge, 44°45'N, 
130°25 'W. Dredge interval, 2575- 2600 m. Dredge contents, ' 1 lb. 

9. Near the base of the southwest side of t he Juan de Fuca Ridge, 44°45'N, 
130°30 'W. Dredge interval, 2995 m (?) . Dredge contents, -<:: 1 lb. 

10. Median valley of the Juan de Fuca Ridge (southern Portion), 44°40'N, 
1 30°2o•w . Dredge interval, 2195-2220 m. Dredge contents, 50 lbs. 

11. Lower north side of the southeast central par t of the Blanco Trough, 
44°20'N, 129°45'w. Dredge interval, 3445 m (constant) . Dredge ~ontents , 
15 lbs . 

12 . Upper north side of the southeast central part of the Blanco Trough, 
44°20'N, 129°5o'w . Dredge interval , 2630- 3140 m. Dredge contents, 3 lbs . 

13 . Lower south slope of ridge south of Blanco Fracture Zone (see figure 6). 
Dredge interval 2980-3230 m. Dredge contents, 35 lbs . 

14. Upper south slope of ridge south of t he Blanco Fracture Zone {see 
figure 6) . Dredge interval 2616- 2836 m. Dredge contents, 5 lbs . 

15. Upper north slope of ridge south of the Blanco Fracture Zone (see 
figure 6) . Dredge interval, 2302- 2438 m. Dredge contents, < 21 lbs. 
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Table 3 .-- Chemical analyses of fresh basalts from central basalt-
floored graben near southern end of Juan de Fuca Ridge 
(44°40'N., 130°20'W, 2193-2220M). Gene Jarosewich, analyst. 

1 2 3 4 5 

Si02 49.95 50.42 49.21 0.74 49.34 

Al203 14.8o 13.90 15.81 1.50 17 .04 

Fe203 1.74 2.01 2.21 0.74 1.99 

FeO 9.15 10.54 7.19 1.25 6.82 

MgO 7.75 6.92 8.53 1.98 7.19 

CaO 12 .04 11.34 11.14 0.78 ll.72 

N~O 2.48 2.51 2.71 0.19 2.73 

~o 0.10 0 .13 0.26 0.17 0.16 

H2o+ O.ll 0.16 ------ 0.69 

H20- 0 .07 0.07 ------ 0.58 

Ti02 1.48 1.81 1.39 0.28 1.49 

P205 0.12 0.16 0.15 0.04 0.16 

MnO 0 .19 0 .21 0.16 0.03 0.17 
99 .98 100.18 

Q .53 
OR .59 .77 1.54 .95 
AB 20 .99 21.24 22.93 23.10 
AN 28 .96 26.28 30.21 33.77 
DI 24.51 23.84 19.43 18.88 
HY 15.25 20 . 57 ll.21 12.16 
OL 3.89 7.25 3.87 
Ml' 2.52 2.91 3.20 2.89 
IL 2.81 3.44 2.64 2.83 
p.;p 0.28 0-37 0.35 0.37 

1. USNM 111276 (original no. 10-251). 
2. USNM 111275 (original no. 10-252). 
3. Average of 33 fresh basalts dredged from the Mid-Atlantic Ridge, 

at depths greater than 1000 meters. 
4. Standard deviation of average in Column 3. 
5 . Average 'oceanic tholeiite' (Engel, Engel, .Havens, 1965). 
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assemblages as well as only slightly hydrothennally altered basalts. The 
fragments do not show a pervasive foliation, although slickensided, chlorite
coated surfaces are common. Analogies were drawn between these samples a.nd 
some of the greenstones previously described from the Mid-Atlantic Ridge 
(Melson, 1966). During the cruise an attempt was made to locate the source 
of greenstone fragments which were judged to be locally derived. The 
stations and bathymetric profile of the dredge locality are shown in figure 
6. Dredge 13 from the lOW'er slopes of the ridge yielded a large a.nd varied 
collection of rocks, including slightly hydrothermally altered dolerites 
and fine-grained gabbros, as well as greenstones composed of considerable 
chlorite, possibly saponite, and other minerals. No schistose fragments 
were collected . Epidote-bearing greenstone varieties are rare, and the 
greenstones, which appear in part to be meta-pillow lavas, are probably 
of sub-greenscbist facies. Alteration of the dolerites may reflect deu
teric alteration or post-cooling bydrothennal metamorphism. 

These samples appear to confirm a local source for the greenstone 
fragments and, combined with dredges taken from the upper slopes, suggest 
that the ridge (fig. 6) is a fault-bound block. These faults evidently 
have exposed some rocks vhich originally crystallized hypabyssally, some 
of which possibly were metamorphosed at some distance within the oceanic 
crust. In a hydrothermal fissure system, depth of metamorphism may be 
quite shallow, perhaps less than a kilometer. Deeper depths of meta
morphism cannot, however, be ruled out. Dredges from the upper slopes 
did not encounter outcrop nor significant talus accumulations. The samples 
yielded only a few small rock fragments but numerous fragments of manganese 
oxide crusts and nodules, suggesting a relatively stable, l.llldisturbed 
regime along the upper portion of the ridge. This stable feature of the 
upper slope, combined with outcrops of rock near the base of the ridge, 
is consistent with the view that the ridge is an uplifted, faultbounded 
block (horst). 
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MAGNETICS 

The purpose of the magnetic survey was to extend the boundaries of 
detailed magnetic coverage (Raff and Mason, 1961) into the area surrounding 
the junction of the Juan de Fuca Ridge axis and the Blanco Fracture Zone. 
Bad weather reduced the number of survey miles obtained and often deter
mined the direction in which the lines could be run. The northern portion 
of the proposed survey was not completed . The fault A-A shown in the sum
mary diagram (fig. 9) was not investigated. It remains to be seen if this 
fault continues southeastward to the Juan de Fuca axis (perhaps this will 
be a new transfonn fault in the region), or if it is an old fault which 
does not offset the younger magnetic pattern. 

The magnetic data were obtained each minute from a proton precession 
magnetometer towed 700 ft behind the ship. A regional magnetic field -
using the spherical harmonic co·-efficients of Hendricks and Cain ( 1966) 
was computed for October 1968. These values were subtracted from the 
measured total intensity values to obtain the magnetic anomaly. The 
anomalies here do not have the same datum as the Pioneer Survey (Hendricks 
and Cain, 1966); anomalies from tracks east of 130oW will be compared to 
Raff and Mason's (1961) map to determine a constant to be added to the 
anomalies calculated here in order to make the two maps blend into one 
another. No corrections were made for ship's heading, magnetic storms, 
or diurnal variations. 

A preliminary magnetic anomaly map of the area near the junction of 
the Juan de Fuca Ridge axis and the Blanco Fracture Zone is sho-wn as 
figure 7. About 25 percent more lines are yet to be added to the base 
from which this contour map was made, but these are short segments and 
should change only minor details . As mentioned above, a constant value 
will be added to these points to better merge with .Raff and Mason's map. 
The area north of about 44°25 1 N has the linear strike of the Juan de Fuca 
Ridge and was confidently contoured . The area south of this parallel is 
obviously more open to reinterpretation . 

Four features of this map are noteworthy. In the northern portion 
of the map, the central anomaly, the Jaramillo event, the Olduvai event, 
and the Gauss normal interval are clearly present. The features are 
identified in figure 7 by the numbers O, 1, 2, and 3, which roughly 
correspond to the age of these features in millions of years. Second, 
the southern portion of the map has an irregular pattern. Third, there 
is a very intense positive anomaly (+1500 gamma) at the junction of the 
ridge axis and the trough. This large anomaly probably has tectonic 
significance, but surprisingly has no outstanding topographic expression. 
It is desirable to study this junction more thoroughly on a future cruise. 
Fourth, a region of positive magnetic anomaly follows the south wall of 
the Blanco Trough . This feature is apparent on the map shmm here and 
in the north-south profile across the trough shown in figure 10. This 
feature will be discussed elsewhere . 
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The lack of a linear pattern south of 44°25 ''N and the existence of 
the Juan de Fuca pattern north of this parallel is very significant. 
These data lead one to conclude that the Blanco F~acture Zone has changed 
its strike to become more closely aligned with the San Andreas fault 
system. If the Blanco were a typical fracture zone, it would have an 
inactive extension trending toward the northwest for as far as would 
correspond to the age of the Juan de Fuca Ridge system times its spread
ing rate. This extension would offset the magnetic lineations. North of 
this line there would be the pattern of the Juan de Fuca and south of the 
line there would be the pattern of the Gorda. Instead, the Olduvai and 
Gaussian anomalies of the Juan de Fuca system continue across the hypo
thetical extension. This continuity may be explained if we assume that 
the Blanco is changing its strike in an attempt to become parallel to the 
San Andreas (Morgan, 1968). The irregular magnetic pattern in the south 
of this figure then results from the older fractu're zones that were formerly 
active in this region. This is analagous to the irregular magnetic pat
tern north of the easternmost Blanco Fracture Zone. This irregular pat
tern may be further confused by possible east-west trending features that 
have been sampled by predominately east-west traverses. 

South of the irregular pattern, there should be the undisturbed 
pattern associated with the Gorda Ridge segment. 1Two lines just south 
of the area of the contour map (see track lines in fig. 2) were run. 
The magnetic anomalies of these two lines are compared to magnetic 
anomalies measured just north of the Mendocino Fracture Zone (Raff and 
Mason, 1961) in fig~re 8. Clearly, the Gorda pattern is continuous up to 
at least latitude 4 3°40 'N. The data here are not ·sufficient to display 
the sequence of events involved in this change of strike of the Blanco. 
A series of east-west lines between 43°40'N and 44°40'N extending from 
130°w to, say, 135°w should provide the necessary data. Figure 9 summarizes 
the finding of this survey and shows how the study relates to the previous 
magnetic work. 
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GRAVITY 

A gravity survey of the study area was performed using the Oceanog
raphe r 1 s Askania Gss 2 Model C Seagravineter mounted on an Anschutz gyro
stab ilized platform. Gravity measurements were obtained on all track 
lines within the survey pattern whenever sea surface condit i ons were be
low sea state 5. Because of the short traverse legs, with frequent course 
and speed changes, some portions of the data must be discarded due to in
ability of the gravimeter to adjust rapidly to large accelerations. All 
gravimeter data were logged digitally using the Oceanographer's computer 
facilities. Together with navigation and bathymetric data, the gravimeter 
values are compiled into free -air and Bouger anomaly maps of the area. 

Due to the failure of f ac ilities on board for the reduction of the 
gravity data, only one profile was reduced and analysed. Figure 10 shows 
this profile: a north-south traverse across the Blanco Trough . A broad 
-75 mgal free-air anomaly occurs above the trough as was qualitatively 
but not quantitatively expected from the bathymetry of the trough. The 
simple Bouger anomaly profile shows a sharp +100 mgal relative anomaly 
associated with the deepest portion of the trough . Since the simple 
Bouger anomaly was used, as opposed to the complete Bouger anomaly (terrain 
corrected), the actual magnitude of this high will not be as great as the 
simple profile indicates. The high, which nevertheless does exist, may 
be indicative of a narrow upwelling of the mantle along the axis of the 
trough, as one might expect to occur along a zone of rifting and shearing. 

The trough is 2500 fm deep in a region of gener ally 1500 fm depth. 
This 1000-fm relief, coupled with a basalt-water density contrast of 1.7 
f!Jll/cm3, should produce a negative free-air anomaly over the trough of -130 
mgal i f there are no density inhomogenei ties in the crust or mantle and 
the crust-mantle boundary (Moho) is flat. The fact that we observe only 
a -50 mgal free-air anoma.i.y shows that some compensation has occurred. 
If this compensation occurs only in crustal thinning, we may assume that 
the Moho rises about 3 km beneath the trough . I t is too early to do more 
than .estimate the relative magnitude of crustal thinning. Analysis of 
the full series of survey lines and computation of the terrain- corrected 
Bouger anomalies for the entire region will be necessary before a more 
definite statement i s possible. 



1?11 

216 

1211 

1, 

400 

aoo 

1200 

1100 

2000 

2400 

80UGUER ANOMALY 

100 

,0 

o--

f-
_: .. 

MAGNETIC ANOMAL V 

NAUTICAL llllLU 

Figure 10.--Gravity and magnetic anomaly profiles across 
Blanco Trough at profile track shown on figure 5. 

23 

2711 

2211 

ms 

so 12, 

75 

-10 

400 

800 

1200 

1800 "' JI 
0 
% ... 

2000 
.. ... 

2400 

2100 



24 

DREDGING 

The dredging operation was accomplished by attaching the ma.in dredge 
and its heavy anchor chain (fig. 11) to 45,000 ~ of stepped (3/4- to 
3/8-inch) cable on the 150-hp winch of the aft main deck. The dredge was 
lowered quickly to within a few hundred meters of the bottom and a series 
of lowerings and ship maneuvers followed. Wind and sea generally prevented 
drifting up slope so the ship moved in an up-slope direction until botton 
contact was indicated. Although the length of cable paid out in dredging 
operations often ranges from one and one-half to 2 meters for every meter 
of water depth, the heavy anchor chain ahead of the dredge helped hold it 
on the bottom and cable-to-depth ratio was less than 1.15-to-l throughout 
12 succesful dredges. Time required to obtain each dredge sample ranged 
from 108 to 205 min and the average time was 2~ hr per dredge station. 
Roughly half of the time on any station was used to lower and raise the 
dredge and the remaining time was divided between maneuvering (from first 
winch stop to first bite) and actual dredging. The dredge was on the bottom 
an average of nearly one-half hour per station. During the last 5 stations 
it was possible to reduce maneuvering time to nearly one-half hour. Control 
of the dredging operation--in addition to the usual indicators of ship posi
tion, bottom depth, cable out, and cable tension--was increased by two other 
instrument techniques: 1) A pressure recorder was attached to the cable 
near the dredge {fig. 11) to allow reconstruction of dredge depths after 
completion of each station, and 2) A tension recorder was used to graphi
cally record the load cell tensiometer reading of cable tension and rate 
of tension change. 

Pressure Recorder 

This device consists of a cylindrical chart drum that is rotated on 
its axis by a clock mechanism as a Boudron pressure tube deflects a stylus 
around the drum to produce a direct plot of pressure vs time. A 12 hr 
clock and 8o,OOO-psi pressure gage were used. These components performed 
satisfactorily for the maximum dredge depth of 4400m. A 6-hour clock 
would have been a better choice, but it was possible to easily identify 
one-minute events on the trace of the 12-hr clock. A calibration table 
for the instrunent was used to convert pressure readings (in psi) to 
water depths {in meters), using values of mean density of a seawater col. 
umn for the northeast Pacific from Table 17 of H.O. Pub. 607 (U.S. Naval 
Oceanographic Office). A graph was constructed to relate gage deflection 
to water depth. Accuracy of instrument calibration was checked in two 
ways. First, the pressure recorder was attached to the cable of a STD 
{salinity-temperature-depth) cast to 2000 m and the pressure record indi
cated a maximum depth of 2010 m. Second, another test opportunity occurred 
as the flat floor of the Juan de Fuca Ridge median valley was being dregged 
(dredge 10) when the dredge lay quietly on the bottom for some time before 
starting to bite. The PDR consistently recorded a depth of 2180m to the 
valley floor. The reduced sounding (applying sound velocity corrections 
from a STD cast in nearby water) was 2223 m and a depth of 2220 m was 
indicated by the pressure record. The pressure recorder proved of great 
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Pigure 11.--Dredge array used for Juan de Fuca Ridge Project 
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value because impact of the recorder housing caused vibration of the stylus. 
This produced a broad "depth band 11 on the record, but the stylus immedi
ately returned to a thin trace when undistrubed. The trace therefore 
indicated intensity of impacts at the same time that it recorded depth 
and time of impact. By studying the pressure record of the first dredges, 
it was possible to spot wasted time and to complete l~ter dredges . in less 
time. 

Tension Recorde~ 

This instrument produced a permanent graphic record of both cable 
tension and rate of tension change as detected by the tensiometer. The 
record could be monitored, compared with previous traces to determine 
varying dredging conditions, and later correlated with other data from 
the same dredge haul. Characteristic features of the tension trace record 
show what the dredge is doing and this is a great help in interpreting 
dredge behavior. 

AGES OF ROCKS AND BATHYME'I'RIC FEATURES 

Estimates of the ~es of rocks and batbymetric features in this 
region may be obtained from identification of magnetic anana.lies, and 
correlating these with bathymetry and dredge stations. The validity 
of this method is dependent on the validity of the Vine-Matthews in
terpretation of the origin of oceanic ridge system magnetic anomalies, 
an interpretation we believe to be correct. 

Figure 7 shows the magnetic anomalies in the region of principal 
interest, and the approximate ages of anomalies in millions of years. 
The central high portion of the Juan de Fuca Ridge (fig. 4) i s less 
than 1 million years old up to 25 nmi from the axis. Assuming steady
state sea-floor spreading, the central "perched" graben began formation 
no longer than 50,000 years ago, and the basalts which compose the upper 
part of its floor may be less than a few thousand years old. This view 
is in accord with the fresh state of the basalts dredged at station 10 
(fig. 3). Unfortunately, dredges at stations 7 and 9, in areas of pre
sumably older basalts, yielded only manganese crusts and pelagic mud. 

The central portion of the Blanco Trough and part of its southern 
slope has a positive anomaly of the Juan de Fuca Ridge. This suggests 
that the basalts which compose most of the crust in this region are 
quite young, probably less than a million years old. 

On the other hand, the north side of the trough is characterized by 
a negative anomaly which correlates with a magnetic anomaly age roughly 
between 1.5 and 2.5 million years. The dredge samples do not appear 
to give unequivocal evidence of an older age for the rocks of the north 
slope compared to the roe ks of the south slope • However, the occurrence 
of deep-seated rocks (low grade metabasal ts, dredge 11) only on the north 
slope, 'Whe?"e presumably rift faulting without recent concomitant extensive 
lava flows may be in process, is in accord with an older age of the north 
slope. 
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Parks Seamount has a slightly negative anomaly over it on one c~ossing 
(fig. 10), suggesting it may be composed largely of basalts older than 0.7 
million years. 

The strong positive anomaly (over 1400 gammas) at the junction of the 
Juan de Fuca Ridge and Blanco Fracture Zone is a striking feature of the 
region. It coincides with rugged terrain dominated by northward trending 
ridges which appear to be transected by the westward extension of Blanco 
Trough. This anomaly may be a result of extensive recent basaltic extru
sion and intrusion combined with rapid graben formation from (a) the normal 
east-west crustal extension along the Juan de Fuca Ridge and (b) the north
south directed extension associated with the postulated rotation of the 
Blanco fault zone. (Morgan, 1968) 
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PI.AD 1. Basalt with glassy rind. Dredge 10 from central portion ot median perched graben, 
southern part ot Juan de Fuca Ridge. U.S. National Musetm catalog D\.IDber l.11240. 
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PLATE 2. Basal.t exhibiting convolutions. Dredge 10 fran central portion of median perched 
graben, southern pert of Juan de Fuca Ridge. U.S. National Musel.Ill catalog n\ID.ber l.1124.0. 7. 
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PI.A.TE 3. Vesicular basalt. Dredge 1 fran upper south side of the central part of Bl.a.nco Trough 
(Parks Seamount). U.S. National Museum catalog number lll229.9. 
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PLATE 4. Dolerite. Dredge 6 from middle portion of the north side of the central. part of 
Blanco Trough. U.S. National Musellll catalog nllllber ll.1238.150. 
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PI.ATE 5. Basalt tuff. Dredge 6 fran middle portion of the north side of the central part of 
Blanco Trough. U.S. National Museum catalog nl.lllber lll237· 76. 


