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Geological and Geochemical Data for Seamounts and Associated
Ferromanganese Crusts in and near the Hawaiian, Johnston Island,

and Palmyra Island Exclusive Economic Zones

INTRODUCTION

In this report we present shipboard and laboratory data for samples col­ 
lected on R/V S.P. Lee cruise L5-83-HW which was designed to study seamounts 
and their associated Co-rich ferromanganese crusts. Detailed discussions and 
interpretations of the data are presented in two papers (Hein et al., 1985; 
Manheim et al., 1985). The cruise began in Hawaii on 29 October 1983 and 
ended in Pago Pago, American Samoa on 29 November 1983. Three of the largest 
seamount-ridge volcanic edifices in the central Pacific were surveyed: Necker 
Ridge, Horizon Guyot, and S.P. Lee Guyot (Fig. 1). Additional planned surveys 
in the Palmyra Island and Samoa Islands areas were curtailed as the result of 
equipment problems encountered during the survey of S.P. Lee Guyot. Three- 
quarters of Necker Ridge falls within the Hawaiian 200-mile Exclusive Economic 
Zone (EEZ) (Fig. 2). Horizon Guyot and S.P. Lee Guyot fall within the EEZ of 
the U.S. possessions Johnston Island and Palmyra Island-Kingman Reef, respec­ 
tively.

In addition, we present data for samples from two seamounts, Abbott and 
Colahan, located in the far northern part of the Hawaiian Ridge. These sea- 
mounts were sampled on S.P. Lee cruise L8-82-NP which was designed to study 
the volcanic history at the intersection of the Emperor-Hawaiian linear vol­ 
canic chains.

Data on ferromanganese crusts from these volcanic features compliment the 
information collected in the mid-Pacific Mountains and Line Islands (MIDPAC I 
and II) by the F. R. Germany's ship R/V Sonne under the direction of Professor 
Peter Halbach, Clausthal University (Fig. 2). The U.S. Geological Survey - F. 
R. Germany cooperative program was developed in order to determine the distri­ 
bution of Co- and Pt-rich ferromanganese crusts, and to understand the origin 
and evolution of this mineral deposit, which contains in abundance the strate­ 
gic metals manganese, cobalt, nickel, and platinum. The richest ores occur 
between about 500 and 2500-m water depth between about 5° and 20° north lati­ 
tude, although other areas locally contain crusts enriched with cobalt or 
other metals. The technology needed to mine these crusts is being developed 
and many countries have expressed interest in the recovery of this resource, 
including U.S.A., F. R. Germany, Japan, Korea, China, and India.

EQUIPMENT AND RECORDS

On S.P. Lee cruise L5-83-HW to Necker Ridge, Horizon Guyot, and S.P. Lee 
Guyot, a total of 4500 km of 3.5 kHz and 12 kHz bathymetric data were col­ 
lected along with 1300 km of single-channel, 80 cubic-inch airgun seismic- 
reflection profiles. The scientific crew (Table 1) also collected samples 
with large-diameter chain-bag dredges, hard-substrate piston cores, and grav­ 
ity cores (Table 2). In addition, the sea floor was photographed with a still 
camera and video system. Four CTD-oxygen profiles were run to a water depth 
of 2400 m. A mooring, consisting of two current meters and a sediment trap, 
was placed atop Horizon Guyot and collected data for a 10-month period. Navi­ 
gation was by Loran C and SAT-NAV, including the Global Positioning System 
(GPS).



Figure 1. Track line map of R/V S.P. Lee Cruise L5-83-HW, Honolulu to Ameri­ 
can Samoa. Bathymetric contours in meters.
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Figure 2. Station locations for R/V S.P. Lee Cruise L5-83-HW and for R/V
Sonne Cruises MIDPAC I and II. S.P. Lee track line is also shown, 
as are the boundaries for the 200 mile exclusive economic zones of 
Hawaii, Johnston Island, and Palmyra Island-Kingman Reef. S.P. Lee 
cruise L8-82-NP stations are located to the northwest of the boun­ 
daries of this map. Bathymetrie contours are in meters.
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NECKER RIDGE

Sampling transects crossed the eastern, central, and western parts of the 
ridge (Fig. 3). Seismic-reflection lines were run both perpendicular to the 
ridge and along its crest (Fig. 4a-k, Lines 2 through 12). Ridge slope-angles 
range up to 20° and average about 12°. The ridge crest is more rugged in the 
northeast and becomes rounded and supports sediment ponds to 146-m thick in 
the southwest. Talus deposits and moating of abyssal deposits occur in dif­ 
ferent areas at the base of the ridge flanks (Fig. 4).

Recovered rocks are predominantly ferromanganese-oxide encrusted hyalo- 
clastite and volcanic breccia, with minor basalt cobbles and phosphatized 
chalk and claystone (Table 3). The chemistry of the substrates varies widely 
depending on the lithology (Table 4), as does the chemistry of the crusts, 
which depends primarily on water depth and latitude (Table 5). For crusts 
collected at water-depths shallower than 2500 m, Mn averages 20.80%, Fe 
20.11%, Co 0.648%, Ni 0.305%, and Cu 0.088% (Table 5-3).

Vernadite (5-MnO,,) is the primary crystalline (89 to 100%) mineral pres­ 
ent in all crusts (Table 6). Small amounts of quartz, feldspar, and apatite 
also occur in the crusts. Encrusting foraminifera occur on the crust surfaces 
and throughout the crusts. Substrate mineralogy is dominated by plagioclase, 
apatite, phillipsite, smectite, and pyroxene (Table 7).

The thickness of crusts varies from 5 mm to 70 mm, with a mean of about 
25 mm. Sixty percent of rocks recovered appear to be broken from outcrops, 20 
percent are cobbles and pebbles completely coated by thin crusts, 10 percent 
consist of ferromanganese nodules, similar in appearance to abyssal nodules, 
and 10 percent consist of substrate without crusts or crust without sub­ 
strate. Based on 60 measurements from dredge 5, crusts on rocks broken from 
outcrop are twice as thick as those that surround talus cobbles.

Density, porosity, and other physical properties of the substrates, were 
determined by immersing the rock in water under 80 psi pressure for 24 hours, 
then weighing the rock (Table 8). Next substrates were dried at 110°C for 48 
hours and reweighed. Volumes were measured with a pycnometer. Crusts were 
placed in fresh water immediately after collection on-board ship. Water loss 
was determined by overnight oven drying at 110°C (Tables 9-1 and 9-2), and 
grain densities were measured by micropycnometer techniques. Physical proper­ 
ties were computed from these parameters. Some additional dried samples were 
reconstituted to saturated condition by placing them in water under vacuum for 
3-4 days, followed by the same procedure as above.
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Table 6. Mineral content of ferromanganese crusts, Necker Ridge, Cruise L5-83-HW,

Sample No.

D1-A1
D5-A2
D5-A3-1
D5-A3-3-I

D5-A3-4
D5-A3-5
D5-A3-6
D5-A3-6

D5-A3-8
D5-A3-8
D5-A3-9
D5-A3-10
D5-A3-22
D5-B3-7
D5-B3-9
D5-B3-13

D5-B3-13
D5-B3-13
D5-B3-17
D6-A1
D6-A1

D6-A1
D6-A1

D6-A1
D6-B1
D6-B1
D7-A8-1
D7-A8-1
D8-A4-6
D10-B1
D10-B1

Vernadite 
(%)

99
100
98
90

97
97
100?
98

95
98
92
89
94
94

100
98

97
97
91
98
97

99
96

100
97
97
94
96
95
98
97

Plagioclase 
(%>

0

1
1

22 '

3
1

4
0
1

3
2.5

2
2

1
3

2
1
5
3
3
1
2

Quartz 
(%)

1

1
1

1
2

1

1
1

<1
1
1
2
0
1

0.5
1
1

<1

1

0
2
1
1
2
1
1

Apatite Others 
(%>

0

3 Todorokite (4%)
Barite (1%)

0

Anhydrite or
Mordenite (1%)

1

4 K-spar (4%)
10
5

0

8

1
0
0
0
0 calcite?
0
0

Comments

Bulk
Bulk
Bulk
Bulk

Bulk
Bulk
inner crust
outer crust

inner crust
outer crust
Bulk
granular
Bulk
Bulk
Bulk - very porous
porous, upper

surface
crust on underside
inner crust
Bulk
outer crust
1st layer (adjacent
to outer crust)

2nd layer
3rd layer (adjacent
to substrate)

porous underside
inner crust
outer crust
inner crust
outer crust
Bulk
outer crust
inner crust

Percentages were determined by using the following weighting factors relative to quartz set as 
1 : vernadite 75, plagioclase 2.8, apatite 3.1, calcite 1.65. We determined the vernadite 
weighting factor by mixing known amounts of a pure vernadite crust and quartz; other weighting 
factors are from Cook et al. (1975). The limit of detection for each mineral falls between 0.5 
and 1.0 percent.
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Table 7. Mineral content of substrates associated with ferronanganese crusts, Necker Ridge, 
Cruise L5-83-HW.

Sample No.

D5-A2

D5-A2

D5-A3-1

D5-A3-1

D5-A3-1

D5-A3-1

D5-A3-1

D5-A3-1

D5-A3-3

D5-A3-3

D5-A3-4

D5-A3-4

D5-A3-9

D5-A3-9

D5-A3-9

D5-A3-10

    X - r a
Major

Apatite

Apa ti te 
Plagioclase

Plagioclase
Apatite

Plagioclase

Apatite

Apatite

Apatite

Apatite

Apatite

Apatite

Phillipsite 
Plagioclase

Phillipsite 
Apatite

Apatite

Apatite

Plagioclase

Plagioclase 
Apatite

Moderate Minor or Trace

Quartz

Smectite 
Pyroxene

Smectite

Smectite Apatite 
Goethite

Quartz 
Plagioclase

Quartz

Quartz
Calcite?

Quartz?

Plagioclase Smectite

Smectite Apatite

Smectite Plagioclase 
Quartz

Smectite? 
Quartz?

Quartz
Smectite

Apatite Smectite 
Pyroxene

Smectite 
Calcite

Comments

White vein in basalt

Basalt

Gray basalt clast from phosphorite - 
cemented breccia

Yellow-brown basalt clast from 
phosphorite-cemented breccia

White matrix from phosphorite- 
cemented breccia

Pink matrix from phosphorite- 
cemented breccia

Basalt clast from phosphorite- 
cemented breccia

White vein from volcanic breccia

Volcanic breccia

Pale brown sandstone matrix from 
volcanic breccia

White sandstone matrix from 
volcanic breccia

Pink volcanic clast from volcanic 
breccia

White matrix of volcanic breccia

Gray basalt clast from volcanic 
breccia

Green basalt clast from volcanic 
breccia

D5-A3-10 Apatite 

D5-A3-10 Apatite

White matrix from volcanic breccia 

Phosphorite
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Table 7 cont.

Sample No.
 X -ray Mineralog y     
Major Moderate Minor or Trace Comments

D5-A3-22 Apatite 

DS-A3-22 Quartz Apatite 
Illite

D5-A3-22 K-spar Apatite 
Smectite

D5-B3-7 Plagioclase 
Smectite

D5-B3-13 Plagioclase

D5-B3-17 Apatite

D5-B3-17 Apatite
Plagioclase

D5-B3-17 Apatite 

D6-A1 Plagioclase

D6-A2 Apatite

D6-A5-3 Plagioclase Apatite

D6-A5-8 Plagioclase

D7-A3 Plagioclase

D7-A8-15 Phillipsite

Plagioclase 
Chlorite

Pyroxene 
Phillipsite

Apatite
Pyroxene
Smectite

D8-A2 Phillipsite 
Plagioclase

Smectite 
Plagioclase

Smectite 
Pyroxene

D10-A1 Phillipsite

Smectite 
Apatite 
Calcite 
Pyroxene?

Plagioclase
Smectite
Phillipsite

Quartz
Pyroxene
Smectite

Smectite 

Smectite 

Apatite

Apatite
Plaqioclase
Smectite

White matrix in volcanic breccia

Pale brown matrix in volcanic 
breccia

Yellow-brown basalt clast in 
volcanic breccia

White basalt clast from volcanic 
breccia

Gray basalt clast from volcanic 
breccia

Phosphorite coating on volcanic 
breccia

Basalt clast from volcanic breccia

Phenocryst from volcanic breccia

Phosphorite from volcanic breccia 

Basalt

Hyaloclastite 

Volcanic breccia

Hyaloclastite with zeolite 
cement

Laminated muds tone

Volcanic breccia with zeolite 
cement

1 7
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Table 9-2. Water content and ignition loss data for Necker Ridge, Cruise L5- 
83-HW. H. Mairs and K. Schmitz, analysts. H20 on wet weight basis was 
established by loss on drying at 110°C. Dry weight basis means that starting 
material was air-dry powder, and all weight loss data are given as a weight 
percent of oven-dried sample (110°C) except hygroscopic moisture (H20). 
data in weight percent.

Sample No Wet wei<?ht basis         Dry weight basis       
H20~ 500° 1000° H20 110-500° 500-1000° 110-1000°

D1B2 33.1 37.6 39.1
PC3A 35.3 41.3
DSBx-4 14.4 8.69 5.95 14.6
D5B2 31.6 38.7 41.6
D6Ay-7 16.8 9.06 5.79 14.8
D6A-4 30.7 39.3 42.4
D7Ay-7 12.8 8.29 7.72 16.01
D7FX-12 17.8 9.38 5.80 15.19
D7A6 39.2 45.7 49.3
D8A-13 11.04 8.75 5.01 13.76
D8B-14 8.68 7.84 4.34 12.17
D8B-16 12.78 9.56 4.25 13.82
D10-18 12.97 9.72 6.17 15.89
D10B-3 33.7 41.0 44.8
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Figure 4. Single-channel, 80 cubic-inch airgun seismic-reflection profiles
for lines 2 through 12 (4a through 4k), Necker Ridge. Note moating 
of abyssal deposits at the base of the ridge. The northeastern 
part of the ridge is rugged and supports little sediment in con­ 
trast to the southwestern part. Dredge and core locations are 
indicated on some profiles. The distance between each horizontal 
rule represents 150-m water depth.
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HORIZON GUYOT

A sampling transect crossed the central region of Horizon Guyot (Fig. 
5). Two seismic-reflection profiles (Lines 13 and 14) crossed the guyot from 
north to south (Fig. 6a,b). Maximum slope gradients of the north and south 
flanks are 14° and 19°, respectively. A sediment cap up to 500-m thick rests 
atop the guyot (Deep Sea Drilling Project Site 171 on Figure 5).

Sediment from the cap spills over to the flanks as seen in the camera- 
video survey. Sediment commonly shows ripple marks and sand waves, attesting 
to vigorous current activity (Fig. 7-2 and 7-6). In places, manganese nodules 
line the troughs of the sand ripples (Fig. 7-6). Several densely-packed 
nodule fields were photographed (Fig. 7-4). A rough estimate from 900 bottom 
photographs, each displaying 2 to 3 m of seafloor on a side (Fig. 7), indi­ 
cates that 50 percent of the upper flanks of the guyot (between 1770 m and 
2800 m water depth) are sediment covered. All hard-substrates photographed 
were covered with ferromanganese crusts. Photographs show ubiquitous organ­ 
isms living both on hard and soft substrates, including their tracks and 
trails ' (Fig. 7-5).

Two current meters were placed 10 and 180 m above the sea floor on a sin­ 
gle mooring. The 10-m current meter flooded and no data were obtained. The 
180-m current meter returned excellent data and showed variable-current speeds 
and directions with a maximum velocity of 30 cm/sec (Fig. 8 and appendix 5).

One set of CTD and oxygen profiles was taken over the guyot and one set 
in deep water to the south of the guyot. Both sets showed similar patterns 
(Fig. 9-1 through 9-10). The oxygen-minimum zone begins at about 500 to 600-m 
water depth.

Recovered rocks are mainly ferromanganese-encrusted volcanic breccia and 
hyaloclastite with minor basalt cobbles (Table 10). Some basalts contain 
abundant vesicles indicating eruption of volatile-rich magma in shallow 
water. One basalt cobble encloses several shallow-water limestone pebbles 
attesting to contemporaneous volcanism and reef growth. The chemistry of sub­ 
strate rocks varies with lithology and with degree of impregnation by phos­ 
phorite and calcite (Table 13-6). Likewise, the substrate mineralogy reflects 
the lithology, amount of cementation, and degree of alteration of the volcanic 
clasts (Table 12).

Again, vernadite is the dominant (87 to 100 percent) mineral present in 
all crusts (Table 11). Minor quartz, plagioclase, calcite, and phosphorite 
(up to 12 percent) also occur. Crust chemistry also varies, especially with 
water depth (Table 13-1 through 13-5). For crusts collected at water-depths 
shallower than 2500 m, Mn averages 25.98%, Fe 16.65%, Co 0.743%, Ni 0.400%, 
and Cu 0.096% (Table 13-3).

Crusts vary in thickness up to 50 mm and average 15 mm (Table 10). Forty 
percent of encrusted rocks recovered were broken from outcrop; forty percent 
were completely encrusted cobbles, ten percent were not encrusted, and ten 
percent were ferromanganese nodules. Crust surfaces varied from smooth to 
knobby and botryoidal. Thicker crusts contained two distinct layers separated 
by a paper-thin layer of phosphorite. In polished sections crusts are lami­ 
nated. Foraminifers occur throughout the crusts.

Density, porosity, and other physical properties were measured as dis­ 
cussed in the Necker Ridge section and are listed in Tables 14 and 15 for sub­ 
strates and crusts, respectively.
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JOHNSTON ISLAND

Seismic line 18 traversed part of the east flank of Johnston Island 
(Figs. 10 and 11). Only one dredge from 1400-m water depth was attempted, 
which recovered a calcite and smectite-cemented volcanic-breccia cobble (Fig, 
10 and Table 16). Most volcanic clasts are highly altered to clay minerals, 
zeolites, and calcite but a few, relatively fresh, porphyritic clasts also 
occur (Table 17). A thin (less than 1 mm) crust of vernadite coats one sur­ 
face (Table 17).
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Figure 5. Sampling stations and camera and seismic-reflection profiles on 
Horizon Guyot. Deep Sea Drilling Project Sites 44 and 171 are 
indicated. Areas marked with A are the thickest sediment section 
detected by Lonsdale et al. (1972). Contour interval is 200 fath­ 
oms (Chase and Menard, 1973).
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Figure 9. Water column data for two Horizon Guyot stations, 31 which is on
top of the guyot and 33 located to the south of the guyot (see Fig­ 
ure 5 for locations). 9-1 through 9-5 are respec-tively tempera­ 
ture/ conductivity/ salinity/ Sigma-T/ and oxygen for station 31; 
9-6 through 9-10 are the same parameters for station 33.
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Figure 10. Sampling station and seismic-reflection line on Johnston Island 
Contour interval is 200 fathoms (Chase and Menard, 1973).
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Figure 11. Single-channel, 80 cubic-inch airgun seismic profile of Johnston 
Island (Line 18). See Figure 10 for location of this line. The 
distance between each horizontal rule represents 150-m water 
depth.
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Table 15. Water content and ignition loss data for 
Horizon Guyot, Cruise L5-83-HW. H. Mairs and K. 
Schmitz, analysts. Dry weight basis means that 
starting material was air-dry powder, and all weight 
loss data are given as a weight percent of oven- 
dried sample (110°C) except hygroscopic moisture
(H20). All

Sample No.

D12A-22
D14A-24
D14A-25
D14A-26
D14A-27
D17B-31
D18-34
D18-36
D18-37

data in weight percent.

        Dry weight basis- 

H2 cf 110-500° 500-1000°

15.13 8.39 8.03
19.72 9.60 7.85
20.27 9.13 7.42
21.96 8.88 6.98
23.49 9.32 8.55
17.39 8.52 6.99
17.91 9.24 7.00
22.51 8.61 6.90
15.78 10.6 6.32

110-1000°

16.42
17.44
16.55
15.87
17.87
15.51
1 6 . 25
15.51
16.92

63
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S.P. LEE GUYOT

Fifteen seismic-reflection lines criss-crossed the western half of S.P. 
Lee Guyot (Figs. 12, 14). Eight dredges returned samples from water depths 
between 1125 and 2400 m. A thick-sediment cap (300 m) contains up to four 
internal reflectors, which may be the result of chert horizons (Fig. 14). 
Buried terraces occur below the sediment cap. Lines 21 and 28 cross a small 
well-developed sediment slump (Fig. 14c and 14j). The flanks are rugged, 
showing many volcanic pinnacles that support little sediment (Fig. 13). Vol­ 
canic knobs dot the summit region. The northern lower flank is draped by a 
debris apron.

Camera-video runs recorded guyot flanks between 1200 to 2400 m and 1050 
to 1800-m depth of water (Figs. 12, 15). A rough estimate from 850 bottom 
photographs, each displaying 2 to 3 m on a side of seafloor, indicates that 80 
percent of the upper flanks are sediment covered (Fig. 15). Sediment commonly 
shows current ripples and sand waves (Fig. 15-4). Ubiquitous bottom-dwelling 
organisms are seen (Fig. 15-2). All rock surfaces are encrusted with ferro- 
manganese oxides.

The CTD and oxygen profiles taken over the summit are remarkably differ­ 
ent from ones taken over the northwest flank (Fig. 16-1 through 16-10). The 
oxygen-minimum zone begins at about 200 to 300-m water depth over the summit 
and 500 to 600-m over the north flank; that is 300-m shallower than the oxygen 
minimum over the summit of Horizon Guyot.

Most rocks recovered from S.P. Lee Guyot are volcaniclastic breccia, 
sandstone, and siltstone, all with a calcareous matrix or cement, and minor 
basalt cobbles (Table 18). Sedimentary rocks show evidence of gravity-flow 
deposition. Large blocks of phosphorite-replaced limestone were recovered. 
The chemistry of the substrate varies with the lithology and with the amount 
of calcite and apatite present (Table 19). Substrate mineralogy reflects the 
abundant phosphorites on S.P. Lee Guyot and the highly-altered volcaniclastic 
debris which produced smectite, phillipsite, and calcite (Table 20).

Vernadite is the dominant (60-100 percent) crust mineral except for one 
sample recovered from 1600-m water depth, whose mineralogy in addition to ver- 
nadite is 17 percent todorokite, and 22 percent apatite (Table 21); this sam­ 
ple may have some hydrothermal input, rather than being solely hydrogenous as 
are the other crusts studied. Quartz and plagioclase are rare, but apatite 
comprises up to 22 percent of the inner parts of some crusts. S.P. Lee Guyot 
crusts are the richest in cobalt of those we studied (Table 22). For crusts 
collected at water-depths shallower than 2500 m, Mn averages 28.29%, Fe 
15.29%, Co 1.220%, Ni 0.529%, and Cu 0.053% (Table 22-3).

The average crust thickness is 8 mm, with a maximum thickness of 45 mm 
(Table 18). Thicknesses varied greatly within single-dredge hauls. On the 
average, about a third of rocks recovered were broken from outcrop and were 
coated with crusts. Forty-three percent supported no crusts, while 5 percent 
were crust fragments without substrate. Twenty percent had crusts encircling 
nuclei. Thicker crusts show two distinct generations of growth. Foraminifers 
occur throughout many crusts.

Density, porosity, and other physical properties are listed in Tables 23 
and 24 for substrates and crusts, respectively.
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Figure 12. Sampling stations and camera and seismic-reflection lines on S.P 
Lee Guyot. Deep Sea Drilling Project Site 165 is located. Con­ 
tour interval is 200 fathoms (Chase and Menard, 1973).
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Figure 13. Bathymetric map of west half of S.P. Lee Guyot based on seismic 
and bathymetric survey from Cruise L5-83-HW.



8 9

03' IC.hSI-
00'9.8

+ 08'AC R
' IC.bSI-



Figure 14. Single-channel 80 cubic-inch airgun seismic profiles of S.P. Lee 
Guyot (Lines 19 through 36). Note slump deposits and volcanic 
pinnacles, some of which penetrate through the sediment cap. The 
north flank shows a well-developed stepped morphology. On Line 
28, a thick sediment cap slumped at the break in slope. Volcanic 
pinnacles are common on the flanks of the guyot. The distance 
between each horizontal rule represents 150 m.
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Table 20. Mineral content of substrates associated with ferronanganese crusts, S.P. Lee Guyot, 
Cruise L5-83-HW.

Sample No.

D23-D3

D23-D4

D24-A3-6

D24-A3-9

D24-A3-16

D24-1A

D25-D

D25-10

D27-B1

D27-B5-9

D28-A1

D28-11

D29-A1

D29-A6

D29-A7

D31-A1-1

D31-2

D31-10

D32-A1

D32-A2

     X - r a

Major

Plagioclase

Mg-calcite

Phillipsite

Apatite

Apatite

Apatite 
Phillipsite 
Plagioclase 
Calcite

Calcite

Apatite

Goethite

Phillipsite

Apatite

Apatite

Apatite

Apatite

Apatite

Plagioclase 
Calcite

Apatite

Plagioclase 
Pyroxene

Plagioclase 
Smectite

Phillipsite

y Mineralog y       
Moderate Minor or Trace

Smectite 
Apatite

Phillipsite 
Smectite

Smectite Chiorite?

Clinoptilolite/ 
Heulandite?

Smectite Quartz 
Pyroxene?

Apatite Plagioclase

Phillipsite Smectite 
Plagioclase

Apatite

Smectite Plagioclase

Plagioclase Smectite

Plagioclase

Phiilipsite 
Plagioclase

Smectite Apatite 
Phillipsite

Plagioclase 
Smectite

Smectite 
Phillipsite

Phillipsite 
Apatite

Smectite 
Calcite 
Plagioclase

Comments

Sandstone

Hyaloclastite, calcite cement

Volcanic breccia

Phosphorite

Phosphorite

Mud stone

Volcanic breccia

Volcanic breccia

Iron-rich volcanic rock(?)

Volcanic breccia

Phosphorite

Phosphorite

Phosphorite

Phosphorite

Volcanic breccia

Phosphorite

Altered basalt

Sandstone

Volcanic breccia

1 00
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Table 24. Water content and ignition loss data for S.P. Lee Guyot, Cruise 
L5-83-HW. H. Mairs and K. Schmitz, analysts. H2o on wet weight basis was 
established by loss on drying at 110°C. Dry weight basis means that 
starting material was air-dry powder, and all weight loss data are given 
as a weight percent of oven-dried sample (110°C) except hygroscopic 
moisture (H.O). All data in weight percent.

Sample No Wet wei9ht basis         Dry weight basis          
H2O~ 500° 1000° H2O 110-500° 500-1000° 110-1000°

D22B 32.2 40.4 43.4
D23-B 20.15 11.0 6.70 17.70
D23-39 17.96 10.87 6.23 17.10
D24-41 9.77 9.71 6.03 15.74
D25-43 11.41 9.70 6.27 15.97
D27-45 6.71 9.34 7.15 16.49
D27 32.3 39.4 43.1
D31-51 8.41 10.65 6.89 17.54
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COLAHAN SEAMOUNT

Colahan Seamount is located at the northernmost end of the Hawaiian 
chain, just northwest of the U.S. EEZ boundary. Although Colahan Seamount is 
outside the EEZ, data from it should be comparable to seamounts at the north­ 
ernmost end of the Hawaiian EEZ. Colahan Seamount was surveyed in 1971 on the 
Scripps Institution of Oceanography cruise Aries VII (Davies et al., 1971). A 
seismic profile showed rugged features and several peaks, the shoalest one 
supporting an actively-growing coral cap. A single dredge at the summit in 
water depths of 598 to 282 m recovered limestone and coral.

In 1982, R/V S.P. Lee cruise L8-82-NP dredged rocks in a single haul from 
1920 to 1220-m water depth (Fig. 17). Rocks are both aphyric and phyric vesi­ 
cular alkalic basalts, some containing amphibole (Table 25). Nearly all, of 
even the freshest lavas, are phosphatized, presumably as replacements of 
glass; most lavas have 2 to 5 weight percent P2°5 (Table 26). The low (aver­ 
age about 0.5%) P2°5 concentrations from fresh glass rinds on the basalt 
require the abundant apatite to be secondary. The age of the seamount is 37 
to 40 m.y. old (Duncan and Clague, 1984).

Substrate mineralogy varies from relatively altered to unaltered basalts 
(Table 27). Fresh basalts are dominantly plagioclase or pyroxene; phillipsite 
and smectite are the dominant alteration products, some rocks being solely 
composed of these two minerals. Apatite occurs in varying amounts.

Ferromanganese crust mineralogy is dominated by vernadite (79 to 98 per­ 
cent) with minor quartz and feldspar (less than 2 percent). Several crusts, 
however, contain todorokite (up to 12 percent) and phillipsite (up to 9 per­ 
cent) (Table 28). The chemical composition of the crusts show relatively low 
Cu values and high Pb values (Table 29). For crusts collected at water-depths 
shallower than 2500 m, Mn averages 19.60%, Fe 12.09%, Co 0.44%, and Ni 0.34%.

Crusts average about 6 mm in thickness with a maximum of 15 mm (Table 
25). Only 15 percent of the dredged rocks were encrusted with ferromanganese, 
the others contained only manganese stains.

ABBOTT SEAMOUNT

Abbott Seamount is located to the northwest of Colahan Seamount in the 
northern Hawaiian chain. Four seismic profiles were taken across Abbott Sea- 
mount in 1971 on the Aries VII expedition, which showed a relatively simple 
cone with a subsidiary cone on the lower northern flank (Davies et al., 
1971). Abbott was surveyed in 1982, on the R/V S.P. Lee cruise L8-82-NP; 
bathymetric and seismic profiles, and two successful dredges were completed 
(Fig. 18; Duncan and Clague, 1984; Sager, 1984). Rocks recovered are vesicu­ 
lar basalts transitional between alkalic and tholeiitic (Table 25). As with 
Colahan Seamount, even the freshest Abbott Seamount basalts are phosphatized 
with P2°5 mostly between 2 and 4 percent (Table 30). Substrate mineralogy is 
primarily plagioclase, pyroxene, and apatite in the freshest rocks, with smec­ 
tite and phillipsite becoming increasingly abundant with increasing alteration 
(Table 31). The age of the seamount is 36 to 41 m.y. old (Duncan and Clague, 
1984).

Crust minerals are dominantly vernadite (95 to 100 percent) with minor 
quartz and plagioclase, which are more abundant in the inner crusts (Table 
32). The chemical composition of the crusts shows low Cu values; the thickest 
crust has the lowest Fe and highest Cu values (Table 33). For crusts col­ 
lected at water depths shallower than 2500 m, Mn averages 20.35%, Fe 11.26%, 
Co 0.61% and Ni 0.41%.

Crusts average about 10 mm in thickness with a maximum thickness of 57 
mm. Most rocks recovered contained crusts greater than several millimeters 
(Table 25).
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DISCUSSION

Most crusts studied are hydrogenous in origin; the elements that make-up 
the crusts precipitated from sea water. One crust from Necker Ridge, three 
from Colahan Seamount, and ferromanganese cement in a conglomerate from Hori­ 
zon Guyot may have a hydrothermal input as suggested by the todorokite miner­ 
alogy. On the average Co, Ni, and Mn are richest in S.P. Lee Guyot crusts. 
These elements along with the mineral apatite increase in the crusts with 
decreasing latitude, that is from Necker Ridge to Horizon Guyot to S.P. Lee 
Guyot (see appendices 3 and 4). Only one Colahan crust contained apatite, and 
none from Abbott seamount contained apatite. Iron and the minerals quartz and 
feldspar show the opposite trend, decreasing with decreasing latitude. Even 
though the S.P. Lee Guyot crusts are among the richest analyzed for cobalt, 
the crusts are thin, averaging only 8 mm. This is partly the result of mass 
movement on the guyot flanks and of sedimentation. Mass movements abrade 
crusts or destroy them, and the growth process must begin again. Sedimenta­ 
tion covers the hard substrates necessary for initiation of growth of the 
crusts, and migrating sand can cover outcrops where crusts had already 
formed. (Hein et al., 1985).
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Figure 17. Dredge stations, track line, and bathymetry of Colahan Seamount. 
The summit dredge is from Scripps Institution of Oceanography 
cruise Aries VII (Davies et al., 1971). Contour interval is 400 
fathoms.
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Figure 18. Dredge stations (L8-82-NP) and bathymetry (Sager, 1984) for Abbott 
Seamount. Contour interval is 250 m.
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Table 29. Chemical composition of bulk crusts from 
Colahan Seamount. Analysis by Atomic Adsorption, 
listed in weight percent and corrected for water 
content determined at 110°C.

D4-42 D4-43 D4-68

Mn
Fe
Co
Ni
Pb

Cu (ppm) 
Zn (ppm)

23.26
15.15
0.59
0.40
0.25

260 
560

22.84
13.83
0.47
0.38
0.25

320 
510

19.71
11.88
0.41
0.37
0.19

250 
840

Crust thickness 2 mm 2 mm <1 mm

1 1 7
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Table 33. Chemical composition of bulk crusts from Abbott 
Seamount. Analysis by Atomic Adsorption, listed in weight 
percent and corrected for water content determined at 110°C,

D2-3 D3-7 D3-8 D3-11

Mn
Fe
Co
Ni
Pb

Cu (ppm) 
Zn (ppm)

24.00
11 .01
0.64
0.60
0.17

920 
680

23.81
12.70
0.83
0.47
0.25

220
500

23.78
12.34
0.73
0.43
0.25

280 
480

20.29
14.77
0.53
0.35
0.23

360 
530

Crust thickness 55 mm 2mm 10mm 10mm
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Appendix 1. Comparison of cobalt concentrations for analysis done by Bureau 
of Mines, USGS-WH, USGS-Reston, the German Geological Survey (FRG), and ship­ 
board analysis (SH) on S.P. Lee data from Meeker Ridge, Horizon Guyot, and 
S.P. Lee Guyot, Cruise L5-83-HW.

Sample

PC2A-2
PC3A-3
D5Bx-4
D5Cx-5
D6Ay-6
D6Ay-7
D6AX-8
D6AX-9
D7AX-10
D7FX-11
D7FX-12
D8A-13
D8B-14
D8B-15
DSC- 16
D10-17
D10-18
D10-19
D11A-20
D12A-21
D12A-22
D14A-23
D14A-24
D14A-25
D14A-26
D14A-27
D14A-28
D15B-29
D17A-30
D17B-31
D18-32
D18-33
D18-34
D18-35
D18-36
D18-37
D23-38
D23-39
D23-40
024-41
D24-42
D25-43
D27-44
D27-45
D28-46
D28-47
D28-48
D31-50
D31-51
D32-52

BOM

0.56
0.70
0.76
0.74
0.65
0.60
0.68
1.14
1 .04
0.45
0.54
0.33
0.27
0.33
0.28
0.65
0.55
0.93
0.62
1.03
0.85
0.82
0.83
0.97
0.94
0.81
0.88
0.31
0.82
0.69
0.73
0.75
0.75
0.71
0.87
0.55
1.14
0.84
1.01
1.02
0.96
1.37
3.02
1.41
1.41
1.07
1.97

1.47
0.86
1.39

USGS-WH

0.50
0.66
-

0.73
0.56
-
-

1 .22
-

0.50
-

0.36
0.30
-
-

0.67
-

0.99
-

1.05
-

0.89
-
-
-
-

0.91
0.34
0.94
-

0.71
0.68
-

0.66
-
-

1.05
-

0.93
-

0.99
-

2.56
-

1.22
-

1.93
-
-
-

USGS-RES

0.48
0.58
0.61
0.68
0.53
0.52
0.55
1.16
1.01
0.41
0.54
0.32
0.25
0.32
0.28
0.60
0.53
0.88
0.59
0.94
0.73
0.78
0.76
0.91
0.91
0.76
0.84
0.31
0.76
0.54
0.66
0.65
0.72
0.62
0.81
0.50
1.00
0.75
0.88
0.82
0.88
1.2
2.55
1.22
1.24
1.06
1.83
1.45
0.86
1.33

FRG

0.46
-
-
_

0.58
0.59
0.52
1.26
0.77
0.52
0.56
0.33
0.26
0.36
.
-

0.55
0.94
-

1 .00
0.74
0.85
0.80
-

0.85
0.76
-

0.33
0.82
0.70
0.70
0.65
0.72
0.70
0.84
0.55
1.02
0.81
0.88
0.90
0.90
1 .2
2.68
1.24
1.14
1 .07
1.9
1.45
0.87
1.26

SH

0.51
0.64
0.71
0.65
0.50
0.53
0.62
1.19
1.10
0.52
0.61
0.45
0.36
0.34
0.34
0.68
0.60
0.98
0.61
1 .13
0.86
0.88
0.74
0.86
0.97
0.84
0.83
0.35
0.98
0.77
0.75
0.74
0.90
0.68
1 .11
0.55
1.29
0.91
1.05
0.94
1.03
1.41
2.48
1 .27
1.19
1 .10
1.88
1.58
0.88
1 .49

MEAN 
(ex ship)

0.50
0.65
0.69
0.72
0.58
0.57
0.58
1.20
0.94
0.47
0.55
0.34
0.27
0.34
0.28
0.64
0.54
0.93
0.60
1 .00
0.77
0.84
0.80
0.94
0.90
0.78
0.88
0.32
0.83
0.64
0.70
0.68
0.73
0.67
0.84
0.53
1.05
0.80
0.92
0.91
0.93
1.26
2.70
1.29
1.25
1.07
1.91
1.46
0.86
1.33

S.D.

0.043
0.061
0.106
0.032
0.052
0.044
0.085
0.055
0.148
0.050
0.012
0.017
0.022
0.021
-

0.036
0.012
0.045
0.0212
0.048
0.067
0.047
0.035
0.042
0.046
0.029
0.035
0.015
0.075
0.090
0.029
0.047
0.017
0.041
0.03
O.'O 29
0.062
0.046
0.061
0.100
0.051
0.098
0.220
0.104
0.113
0.0058
0.059
0.0115
0.0058
0.065

C.V.

8.6
9.4

15.5
4.5
7.6
7.6

14.6
4.4

15.9
10.6
2.1
5.2
8.0
6.2
-

5.6
2.1
4.8
3.5
4.8
8.6
5.6
4.4
4.5
5.1
3.7
4.0
4.6
9.6

13.9
4.2
6.9
2.4
6.1
3.6
5.4
5.9
5.7
6.6

11 .0
5.5
7.8
8.1
8.1
9.1
0.54
3.10
0.79
0.67
4.9
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Appendix 2. Station data for S.P. Lee samples.

SEQNO

89011
89012
89013
89014
89015
89016
89017
89018
89019
89020
89021
89022
89023
89024
89025
89026
89027
89028
89029
89030
89031
53015
53016
53050
53017
53018
53019
53020
53021
53022
53023
53024
53025
53026
53027
53028
53029
53030
53031
53032
53033
53034
53035
17006
17007
17008
17009
17010
17011
17012

LAT

22.181
22.181
22.208
22.256
22.316
22.316
21.718
21.718
21.718
21.718
21.796
21.796
21.796
21.841
20.209
20.209
20.209
20.209
20.335
20.335
20.335
19.318
19.347
19.338
19.335
19.369
19.369
19.511
19.511
19.511
19.511
19.511
19.511
19.695
19.553
19.553
19.515
19.515
19.515
19.515
19.515
19.515
16.678

8.41400
8.41400
8.41400
8.39800
8.39800
8.38900
8.35300

LON

-166,
-166,
-166,
-166,
-166,
-166,
-167,
-167,
-167,
-167,
-167,
-167,
-167,
-167,
-169,
-169,
-169,
-169,
-169,
-169,
-169,
-168,
-168,
-168,
-168,
-168,
-168,
-168,
-168,
-168,
-168,
-168.
-168,
-168,
-168,
-168,
-168,
-168,
-168,
-168.
-168,
-168,
-169,
-164,
-164,
-164,
-164,
-164,
-164,
-164,

.810

.861

.882

.854

.899

.899

.578

.578

.578

.578

.624

.624

.624

.666

.506

.506

.506

.506

.575
,575
.575
,651
.658
.705
.665
.695
.695
.835
.835
.835
.835
,835
.835
,995
.832
,832
,855
,855
.855
,855
.855
,855
.359
,289
.289
,289
,359
.359
.294
,317

DEPTH

3950.
3403.
2402.
1970.
2350.
2350.
2400.
2400.
2400.
2400.
2100.
2100.
2100.
4123.
4500.
4500.
4500.
4500.
2400.
2400.
2400.
4411.
3622.
2450.
3791.
2000.
2000.
1800.
1800.
1800.
1800.
1800.
1800.
4500.
2400.
2400.
1790.
1790.
1790.
1790.
1790.
1790.
1400.
1850.
1850.
1850.
2400.
2400.
1600.
1150.

CRUISE

SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE

L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HU
L583HW
L583HU
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HU
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW

STATION

001
004
005
006
008
008
009
009
009
009
010
010
010
Oil
012
012
012
012
014
014
014
015
016
017
018
019
019
021
021
021
021
021
021
022
024
024
026
026
026
026
026
026
034
040
040
040
041
041
042
045

SAMPl

D1A-1
PCI
PC2A-2
PC3A-3
DSBx-4
D5Cx-5
D6Ay-6
D6Ay-7
D6Ax-8
D6Ax-9
D7Ax-10
D7FX-11
D7FX-12
PC4
D8A-13
D8B-14
D8B-15
D8C-16
D10-17
D10-18
D10-19
PCS
PC6
PC7
D11A-20
D12A-21
D12A-22
D14A-23
D14A-24
D14A-25
D14A-26
D14A-27
D14A-28
D15B-29
D17A-30
D17B-31
D18-32
D18-33
D18-34
D18-35
D18-36
D18-37
D19-53
D23-38
D23-39
D23-40
D24-41
D24-42
D25-43
D27-44
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Appendix 2 cont.

SEQNO LAT LON DEPTH CRUISE STATION SAMP*

17013
17014
17015
17016
17017
17018
17019
17020
17021

8
8
8
8
8
8
8
8
8

 
.
.
.
.
 
.
.
.

35300
30800
30800
30800
29700
23500
19400
19400
18600

-164,
-164,
-164,
-164,
-164,
-164,
-164,
-164,
-164,

.317

.346

.346

.346

.369

.207

.200

.200

.202

1150.
1400.
1400.
1400.
1700.
1300.
1600.
1600.
1800.

SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE
SPLEE

L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW
L583HW

045
046
046
046
047
048
049
049
050

D27-45
D28-46
D28-47
D28-48
D29-49
D30
D31-50
D31-51
D32-52
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Appendix 4. Correlation coefficients for crusts from Necker Ridge, Horizon Guyot, and 
S.P. Lee Guyot, Cruise L5-83-HW. Top refers to topmost layer of crusts, generally 5 
mm (also referred to as "younger generation"). Total refers to total crust thick­ 
ness. Generally speaking, coefficients >|.60| are significant at the 99% confidence 
limit or better. N for top is 19 and for total is 50. Elements correlated with 
latitude and longitude are at variable depth. Data for top 5 mm from Appendix 3.

Ni
  Mn versus  
Mo Co Cd Zn

  Al versus   
Si Ti K

  Ca versus  
CO, Cu

Top 
Total

.87 

.84
.92 
.93

.88 

.73
.75 
.70

.57 

.49
.94 
.95

.86 

.72
.62
.85

.99

.84
.67 
.63

.26

.03

Top 
Total

 Depth (positive) versus  
Al Ti Si K Cu

.84 

.87
.86 
.73

.76 

.82
.58 
.69

.50 

.50

Pb
  Depth (negative) versus     
Mn Mo As Ni Sr Co Zn

.73 -.75 -.72 -.68 -.55 -.72 -.64 -.32 

.64 -.79 -.74 -.63 -.63 -.77 -.63 -.38

 Longitude (positive) versus   
Mo Co Mn Ni Na Cd

Longitude (negative) versus 
Fe Si

Top 
Total

.70 

.49
.78 
.62

.69 

.46
.72 
.57

.74 

.17
.53 
.25

-.70 -.67
-.41 -.51

Latitude (positive) versus 
Fe Si Y

  Latitude (negative) versus   
Co Mn Ni Mo Cd Na

Top 
Total

.81 

.54
.72 
.58

.37 

.02
-.83 -.77 -.80 -.74 -.66 -.77
-.66 -.58 -.65 -.61 -.40 -.12

Interpretation: The elements Mn, Mo, Co, Ni, and Cd form a consistent affinity group, 
which is negatively correlated to the aluminosilicate elements Al, Si, Ti, and K. Ca 
and P are very closely correlated as apatite with lesser affinity to CO-. Al, Ti, Si, 
K. and Cu concentrations increase with depth, whereas Pb, Mn, Mo, As, Ni, Sr, and Co 
concentrations decrease with depth. Latitudinal and longitudinal relationships are 
pronounced in the youngest crust generation, with the Mn oxide group led by Co showing 
enrichment toward the equator.
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Appendix 5. Statistical analysis of current meter data.

Mean
Variance
Minimum
Maximum
Error about mean

East
cm/sec

1.343
35.327

-23.243
24.669
0.144

North
cm/sec

-0.855
54.196

-30.027
20.648
0.178

Temperature
°C

2.923
0.6114E-02
2.666
3.265
0.1891E-02
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