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INTRODUCTION

Volcanic rock was dredged from three volcanic edifices in the central Pacific Ocean on U.S.
Geological Cruise L5-83-HW in 1983. The R/V S.P. Lee surveyed Necker Ridge, Horizon Guyot
and a guyot informally named S.P. Lee Guyot (Hein and others, 1985a), using 3.5, 12kHz and 80
in® airgun seismic-reflection profiles, dredges, free-fall hard substrate and gravity cores, CTD-
oxygen probes, and deep sea video and camera tows. The primary objective of this cruise was to
sample ferromanganese oxides that encrust hard substrates on the ocean floor. Mineralogy and geo-
chemistry of ferromanganese crusts, seismic profiles of the survey-sites and detailed description of
study methods are presented in Hein and others (1985a, 1985b).

This report presents petrography, whole-rock, glass and mineral chemistry for selected vol-
canic rock samples recovered on that cruise.

GEOLOGIC SETTING

Necker Ridge

Necker Ridge is a 600 km-long, NE-SW trending ridge at the NE margin of the mid-Pacific
mountains (Figure 1). The ridge rises about 3 km above the adjacent abyssal sea floor to a
minimum depth of less than 1600 m. The ridge crest topography is rugged to the northeast, becom-
ing more rounded to the southwest with increasing sediment cover. Slope angles vary from about
12° to 20° (Hein and others, 1985a, 1985b).

Horizon Guyot

Horizon Guyot is an isolated, flat-topped edifice that is about 300 km long and 75 km wide
(Figure 1). It is the easternmost edifice of the mid-Pacific mountains and rises 3.5 km above the
abyssal seafloor to within 1400 m of sealevel. Flanks slope from 14° to 19°, and the flat-topped
summit is capped by up to 500 m of pelagic sediment (Lonsdale and others, 1972). DSDP site 171
is located in the saddle between the western and eastern parts of the guyot.

P Gu

S.P. Lee Guyot is a large flat-topped edifice in the north-central Line Islands, and measures
about 80 by 125 km at its base (Figure 1). It rises about 4 km above the abyssal seafloor to a
minimum depth of 900 m. The upper flanks are rugged with many volcanic pinnacles supporting
little sediment cover. Volcanic knobs also dot the summit, protruding through the sediment cap
which is up to 200 m thick (Hein and others, 1985a). DSDP site 165 is located on the lower
western flank of the guyot.

ANALYTICAL METHODS

Samples were studied in thin sections and bulk chemical analyses were performed in the
analytical laboratories of the U.S. Geological Survey. Major element chemistry was determined by
wave-length dispersive X-ray fluorescence (XRF) using methods described by Taggart and others
(1982). Abundances of Rb, Sr, Zr, Ba, Y, and Nb were determined by energy-dispersive XRF. Pre-
cision and accuracy of XRF is 1 to 2% for major elements and 5 to 10% for trace elements. FeO,
COZ, and H,0 were determined by standard wet chemical techniques (Peck, 1964). Abundances of
Hf, Ta, Th, Sc, Co, Cr and the rare earth elements (REE) were determined by instrumental neutron
activation analysis (INAA) using the method described by Baedecker (1979). Olivine, plagioclase,
clinopyroxene, spinel and glass compositions were determined with a 9-channel electron



microprobe, using 15 kv accelerating voltage and 20 nAmp sample current with a narrowly focused
beam (~2 p) for olivine, spinel and clinopyroxene, and 10 nAmp and a larger beam size (~20-50 p)
for plagioclase and glass. Natural and synthetic glasses and minerals were used as standards. Data
reduction was performed using a modified version of Bence and Albee’s (1968) program.

PETROGRAPHY AND MINERAL CHEMISTRY

Dredge locations and water depths from which samples were recovercd are given in Table 1,
and petrographic data are summarized in Table 2. Chemical analyses of olivine, plagioclase, clino-
pyroxene and spinel are presented in Tables 3, 4, and 5, respectively. The samples are generally
highly altered.

Necker Ridge

The volcanic rocks recovered from Necker Ridge comprise tholeiitic and alkalic basalt. The
basalt samples are pebble- and cobble-sized clasts in volcaniclastic breccia, or loose talus. Hyalo-
clastite composed of angular to sub-rounded palagonite fragments in calcareous matrix is also abun-
dant. Small arcas within the palagonite are fresh sideromelane with microphenocrysts of pla-
gioclase and olivine that is only partially replaced by iddingsite. Except for two microlites in the
groundmass with Fo,, these euhedral olivine crystals are relatively magnesian with a narrow com-
positional range of Fo, .. (Figure 2a). NiO content as high as 0.28 (Figure 2b) also indicates a

relatively primitive composition. The single spinel crystal included in one of the olivines (D6-AS)
is low in TiO, (0.77%) and high in ALO, (39.5%). Plagioclase in the fresh glass is bytownite with
An contents clustered around 84 to 86 (Table 4, Figure 3). Plagioclase in the altered tholeiitic sam-
ple D1-3 is much less calcic. No clinopyroxene is present in the sideromelane, indicating that
olivine and plagioclase crystallized at low pressure and were quenched before clinopyroxene could
crystallize. The alkalic samples have abundant clinopyroxene granules that are either too small or
too altered to analyze.

Horizon Guyot

The three samples analyzed from Horizon Guyot comprise transitional and alkalic basalt.
Like samples from Necker Ridge, the hyaloclastite contains some fresh glass (D11-A7). Olivine in
the sideromelane with Fo,, ., is less magnesian than that of Necker Ridge (Figure 2a), and NiO is
also correspondingly lower (Figure 2b). Plagioclase in the sideromelane is similar to that from
Necker Ridge, but the alkalic sample (D14-Al) is more enriched in potassium at a similar An con-
tent (Figure 3). Similar to Necker Ridge samples, clinopyroxene is absent in the glass and too small
or altered in the whole-rock samples to be analyzed.

S.P. Lee Guyot

Samples from S.P. Lee Guyot consist of moderately to strongly alkalic basalt that are
severely altered. Olivine in all samples is completely replaced by either clays or iron hydroxides.
One sample (D25-1), an ankaramite, has unaltered, cm-sized clinopyroxene crystals with a narrow

compositional range of Wo,,, ,..En,, ., .Fs.. . (Table 5, Figure 4). These crystals have cuspate

and embayed margins indicative of resorption. The rare plagioclase phenocryst in the ankaramite is
bytownite (An,, .J, but a single microlite in the groundmass is high in potassium with Or content
of 4.0 at an An content of 68 (Figure 3), suggesting a strongly alkalic composition. Some of the
clinopyroxene in D31-1 show optical zoning with green cores and lavender rims.



MAJOR ELEMENT CHEMISTRY

Major and minor element compositions of thirteen samples are presented in Table 6. Ten of
these analyses are of whole-rock samples; whereas three analyses represent fresh sideromelane in
hyaloclastite. All of the whole-rock samples are moderately to severely altered.

Necker Ridge

The seven samples analyzed from Necker Ridge comprise tholeiitic and mildly alkalic basalt.
All except samples of D1, plot in the alkalic field on the SiO, vs. alkalies plot (Figure 5, Mac-
donald and Katsura, 1964). However, the glass compositions (D6-AS5, D7-1) are only mildly alkalic,
and the remaining two samples (D5-2, D6-2) are more alkalic and more differentiated. Samples of
D1 are low in TiO, for occanic island tholeiite (Figure 6). The glass compositions appear inter-
mediate between tholeiitic and alkalic ocean-island basalt with respect to TiO, and P,O, (Figure 6).
The two alkalic samples D5-2 and D6-2 are higher in P,0; at a similar TiO content; especially
D5-2 with P,O; of 1.2% may reflect post-magmatic phosphatization.

Horizon Guyot

The three samples analyzed from Horizon Guyot range from transitional between tholeiitic
and alkalic to modecrately alkalic basalt. The alkalic basalt (D14) is differentiated and appears tran-
sitional between basalt and hawaiite. The glass composition (D11-A7) plots on the boundary
between tholeiitic and alkalic on the SiO, vs. alkalies plot (Figure 5), but well within the alkalic
field on the TiO, vs. P,O, plot (Figure 6). The most alkalic composition of D14-1 has P,O, con-
tents of about 1% which may be in part due to phospatization.

S.P. Lee Guyot

The three samples analyzed from S.P. Lee Guyot are more strongly alkalic than those from
the other two sites. One sample (D31-1) is a nephelinite (Figure 5). TiO, content is much higher
than in samples from the other sites ranging from 3.7 to 5.4 % at a uniform P,0, content of about
0.9 % (Figure 6).

TRACE ELEMENT CHEMISTRY

Abundances of twenty trace elements in the whole-rock samples are presented in Table 7.
Fresh glass was not abundant enough for trace element analyses.

Necker Ridge

Rb, Sr, and Ba abundances are highly variable and range from <10 to 42, 150 to 480, and 46
to 380, respectively. However, these elements are ecasily mobilized by secondary alteration
processes. Rare earth elements (REE) and high ficld strenght elements are less susceptible to altera-
tion (e.g. Winchester and Floyd, 1976; Pearce and Cann, 1973). Chondrite-normalized REE abun-
dances (Figure 7a) show nearly flat profiles for the tholeiitic samples similar to E-type MORB or
depleted Hawaiian tholeiite. The alkalic samples (D5-2, D6-2) have steeper slopes with light REE
enriched over heavy REE typical for alkalic basalt. The small negative Ce anomaly of D5-2 sug-
gests some REE enrichment due to post-magmatic phosphatization, which is also supported by the
high P,0, content (Figure 6). A similar pattern is also observed on Zr vs. Nb (Figure 8), Zr vs. Sr
(Figure 9), and Hf-Th-Ta (Figure 10) plots. Samples from Necker Ridge except for DS-2, plot in
the tholeiitic field with those of D1 overlapping with oceanic ridge compositions.



Horizon Guyot

The two samples from Horizon Guyot show REE patterns with steeper slopes than those from
Necker Ridge (Figure 7b), with D14-1 more enriched than D12-7. On Zr vs. Nb (Figure 8) and Zr
vs. Sr (Figure 9) plots, D12-7 lies in the tholeiitic field, whereas D14-B1 is distinctly alkalic. On
the Hf-Th-Ta plot (Figure 10) both plot in the alkalic field.

S.P. Lee Guyot

The three samples from S.P. Lee Guyot have parallel REE profiles with steeper slopes show-
ing greater relative enrichment of light over hcavy REE (Figure 7c) than the samples from the
other two sites. On Zr vs. Nb (Figure 8), Zr vs. Sr (Figure 9), and Hf-Th-Ta (Figure 10) plots, all
three fall consistently within the field of alkalic intra-plate basalt.

COMPARISON WITH OTHER OCEANIC ISLAND BASALT

Volcanic rock recovered from Necker Ridge and Horizon Guyot are similar to Hawaiian
tholeiitic and mildly alkalic basalt. Samples from S.P. Lee Guyot are more strongly alkalic and
similar to basalt from the same site described by Natland (1976), although his study includes sam-
ples that are much more alkalic and as differentiated as phonolite (Figure 5). Natland (1976) con-
sidered these "potassic nephelinites” to be similar to potassic, mafic lava of the western African
rifts. Samples recovered at DSDP site 165, near the western base of S.P. Lee Guyot also appear
more strongly alkalic than the three samples of this study (Figures 5,6,8, Bass ct al., 1973).

Alteration-resistant elements such as Ti, Zr, Nb, and REE are more reliable in establishing
petrotectonic affinities of altered submarine rocks than major element chemistry. However, a pattern
similar to that shown by major elements is observed. Necker Ridge samples are predominantly
tholeiitic, similar to depleted Hawaiian tholeiites or enriched oceanic ridge basalt. Horizon Guyot
samples include one transitional or mildly alkalic and one strongly alkalic composition. Previous
studies (Bass and others, 1973) of samples drilled in the saddle of Horizon Guyot at DSDP site 171
include more depleted trace element compositions that appear distinctly tholeiitic and more similar
to compositions from Necker Ridge. No previous analyses have been published for Necker Ridge.
Trace element compositions of samples from S.P. Lee Guyot are clearly alkalic, but not as alkalic
as those recovered at DSDP 165. The one trace element analysis reported by Natland (1976) for
this site resembles those from DSDP 165.

The limited mineral chemistry data shows a similar pattern. Fo and An contents of samples
from Necker Ridge are similar to those in depleted Hawaiian tholeiite or oceanic ridge basalt. One
sample from Horizon Guyot is similar to those from Necker Ridge, whereas the second sample
shows higher potassium content at similar An composition. The Or content of the single ground-
mass plagioclase crystal from S.P. Lee Guyot suggests a strongly alkalic composition. Unfor-
tunately, phenocrysts in tholeiitic and alkalic lava overlap in composition and the fields established
for plagioclase (Figure 3, Keil and others, 1972) and clinopyroxene (Figure 4, Fodor and others,
1975) of Hawaiian lava are not as distinct for other lava suites. For example, phenocrysts and
groundmass plagioclase in alkalic basalt from the Marshall Islands span all three fields in a single
thin section (Davis and others, 1986; 1987). Likewise, clinopyroxenc phenocrysts in alkalic basalt
from the Marshall Islands (Davis and others, 1986; 1987) span the field of tholeiitic and alkalic
compositions shown in Figure 4. The single spinel crystal included in olivine in glass from Necker
Ridge is distinctly higher in AL,O, and lower in TiO, than any reported for Kilauea or Mauna Loa
tholeiite (Basaltic Volcanism Project, 1982). It appears intermediate in composition between alkalic
Hawaiian lava and mid-ocean ridge basalt. Similar spinel composition, although somewhat higher
in TiO,, has been reported from alkalic glass dredged from a small seamount near the Galapagos

Spreading Center (Batiza and others, 1982).



CONCLUSIONS

The limited number and altered state of most of these samples preclude establishing petro-
genetic trends for each site. The presence of tholciitic, transitional and alkalic basalt suggest a gen-
eral pattern of evolution similar to that observed for Hawaiian volcanoes. Namely, voluminous
eruptions of tholciitic lava during the shield-building stage is capped by smaller volumes of alkalic
lava during the postshicld stage, and finally, after a period of quiescence, followed by very small
volumes of strongly alkalic lava during the rejuvenated stage (Clague and Dalrymple, 1987). Stu-
dies of other volcanic islands such as Samoa (Natland, 1980), Caroline (Mattey, 1982), and
Marshall Islands (Davis et al., 1986; 1987) suggest that during the shicld stage these volcanoes
erupted only transitional and mildly alkalic basalt, but follow the same progression to more alkalic
postshield and strongly alkalic rejuvenated compositions. Decreasing alkalinity of compositions is
undoubtedly related to increasing percentage of partial melting. Large percentage of partial melting
probably results in large volumes and hence larger edifices. Horizon Guyot and especially Necker
Ridge are much larger than edifices comprising most island chains in the Pacific basin. S.P. Lee
Guyot is much smaller and should have a mildly to moderately alkalic shield composition. The
strongly alkalic samples recovered are probably of the rejuvenated stage. Since dredging was lim-
ited to shallow depths (<2000 m), no shield stage lava was recovered. Tholeiitic and transitional
lava from Necker Ridge and Horizon Guyot were dredged from water depths > 3500 m.

S.P. Lee Guyot is considered to be part of the Line island chain, which Morgan (1972) sug-
gested formed, similar to the Hawaiian-Emperor chain, as the Pacific plate moved over a stationary
hot spot. Late Cretaceous to Eocene ages determined for some of the edifices in the chain suggest
a generalized age progression from NW to SE, but recurrent, synchronous Tertiary volcanism along
central portions of the chain indicates a more complex origin (Haggerty and others, 1982;
Schlanger and others, 1984). Horizon Guyot is on the northern end of that chain, and with a late
Cretaceous age may also be part of that chain or part of the mid-Pacific mountains.

Necker Ridge is not part of the Line Island chain, but extends at nearly right angles to that
chain from SW to NE. With its rugged topography, and long, narrow, continuous shape (> 600
km), it does not resemble the other edifices in the Line Island chain. No age data is available for
Necker Ridge. Petrologically it appears distinct from the island chain edifices, and it may have ori-
ginated at a leaky fracture zone.
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Table 1: Dredge Locations

Dredge No. Location Water depth
(Lat.°N) (Long."W) (m)

Necker Ridge

D1 22°11.8 166 © 47.7 4200-3950
D5 22 *18.7 166 ° 54.0 2350-2100
De 21°43.2 187 © 35.0 2400-2100
D7 21 °48.0 167 ° 37.2 2100
Horizon Guyot

D11 19 ° 20.8 168°41.4 3790-3700
D12 19 ° 22.1 168° 41.7 - 2000
D14 19 ° 30.2 168 ° 46.7 1800-1750
S.P. Lee Guyot

D23 8°24.9 164 ° 17.7 1900-1850
D25 8 °23.5 164°17.8 1600

D31 8°11.8 164°12.0 1600-1450




Table 2: Petrographic Data for Volcanic Rock Dredged on Cruise L5-83-HW
from Necker Ridge, Horizon and S.P. Lee Guyot

Sample Vesicles Phenocrysts Groundmass Remarks
vis.est.% vis.est.% minerals minerals
Necker Ridge
D1-1 <1% ~1% oliv > plag plag > cpx> clay + Feox clay replacing glass
D1-2 <1% ~1% oliv > plag plag > cpx > clay + Fe ox clay replacing glass
D1-3 <1% <20% plag>oliv plag > clay + Fe ox> cpx Fe oxide pseudomorph olivine
D1-8 <3% ~3% plag plag > clay + Fe ox >cpx  Fe oxide pseudomorph olivine
D5-2 <50% ~5% oliv plag > cpx > clay + Fe ox Fe oxide pseudomorph olivine
D6-2 <1% ~30% plag > oliv plag > cpx > clay + Fe ox Fe oxide pseudomorph olivine
D8-A5 <1% ~25% oliv > plag plag > glass > oliv palagonite with minor sidero-
D7-1 <1% ~10% oliv > plag plag > glass > oliv melane, fresh olivine
Horizon Guyot
D11-A7 <1% ~10% oliv > plag plag > glass > oliv palagonite with minor
sideromelane, fresh olivine
D12-7 <8% <10% oliv > plag plag > Fe ox + clay olivine pseudomorphed
by saponite and iddingsite
D14-Al1 <1% <5% oliv > plag plag > Fe ox + clay olivine with fresh cores
D14-1 <1% <8% oliv > plag plag > Fe ox + clay olivine replaced
S.P. Lee Guyot
D23-5 <1% 0% none plag > Fe oxides > cpx clay-lined fractures
D23-9 <1% <1% oliv plag > Fe oxides > cpx olivine replaced
D25-1 <15 ~45% cpx > oliv > plag cpx > plag > Fe ox cpx embayed,
oliv. replaced by clay + CaCOg4
D31-1 <10% <30% cpx > oliv plag = cpx > Fe ox cpx have pale green cores

oliva= olivine, plag= plagioclase, cpx= clinopyroxene, Fe ox= iron oxides
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Table 5: Clinopyroxene and Spinel Analyses

Sample No. D25-1 D25-1 D25-1 D251 D251 D25-1 D6-AS
Phase Cpx Cpx Cpx Cpx Cpx Cpx Spnl
1C 1R 2C 21 2R 3me 1mc
wt.%
Sio, 498 493 502 489 493 49.9 na
TiO, L13 129 1.06 138 123 1.28 0.77
AL O, 434 4.94 4.46 5.94 5.03 5.02 395
FeO 5§31 5.69 533 6.08 5.55 5.59 20.1
Cr,0, 1.00 0.75 091 0.69 0.75 0.54 224
MnO 0.10 0.11 0.13 0.12 0.12 0.12 0.10
MgO 153 15.1 15.4 14.6 15.0 15.0 16.0
Ca0 222 21.9 222 217 220 221 na
Na,O 0.28 032 0.30 035 031 0.31 na
Total 9.4 9.4 100.0 993 993 9.8 989
mol.%
Ca 46.7 463 46.5 46.3 46.6 46.7 na
Mg 4.6 4.4 448 435 42 4.1 na
Fe 8.7 9.4 8.7 10.1 92 92 na

na= not analyzed
Cpx= clinopyroxene

Spnl= spinel

mc= core of small crystal

R= rim of larger crystal

C= core of larger crystal
I= intermediate position between rim and core
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Table 7: Trace Element Analyses of Volcanic Rocks Dredged on Crulse

L5-83-HW from Necker Ridge, Horizon and S.P. Lee Guyot

Necker Ridge Horlzon G. S.P. Lee G.
Sample No. D1-1 D1-2 D1-6 D5-2 D8-2 Di12-7 D14-1 D23-5 D23-9 D31-1
*
Rb 19 <10 <10 37 42 25 31 32 44 18
Sr 185 150 187 480 380 410 870 565 560 860
Y 25 20 20 37 34 22 42 28 28 36
Zr 110 290 20 225 210 165 310 250 235 300
Nb <10 <10 <10 43 24 32 104 41 40 87
Ba 86 58 46 380 174 245 830 340 345 280
%
Se 34.8 34.5 35.7 24.0 37.0 24.6 19.4 30.9 28.2 42.0
Co 40.3 48.2 48.1 19.1 23.7 44.7 30.8 73.9 43.3 58.8
Cr 268 338 411 246 132 159 105 150 134 516
Hf 2.95 2.85 2.73 4.76 4.48 3.99 5.58 68.04 5.37 7.11
Ta 0.48 0.47 0.39 2.97 1.39 2.43 6.59 3.01 2.74 3.83
Th 0.41 0.47 0.42 3.99 1.69 2.88 28 3.39 3.14 4.11
La 8.02 8.05 4.94 38.0 16.9 21.7 67.9 31.4 29.6 35.1
Ce 15.8 15.7 13.8 57.8 34.8 43.0 103 85.9 60.0 72.6
Nd 11.9 12.5 9.75 30.9 20.1 24.3 41.5 33.4 31.2 39.0
Sm 4.20 3.82 3.53 7.06 5.72 6.03 7.87 8.34 7.37 9.47
Eu 1.45 1.40 1.29 2.25 2.03 1.99 2.51 2.79 2.52 3.18
Tb 0.88 0.81 0.78 1.07 1.08 0.99 1.04 1.18 1.00 1.32
Yb 3.08 2.82 2.72 3.62 3.52 2.62 3.04 2.51 2.27 2.48
Lu 0.45 0.41 0.40 0.53 0.49 0.39 0.44 0.34 0.30 0.35

*XRF analyslis, analyst T. Frost

**INA analysls, analysts R.V. Mendes, J. Budahn, R. Knight,



FIGURE CAPTIONS

Figure 1. Map showing locations of Necker Ridge, Horizon Guyot, and S.P. Lee Guyot. Ship trackline
and sample and DSDP sites are indicated.

Figure 2. Olivine compositions of samples from Necker Ridge and Horizon Guyot. (A) Histogram of
Fo distribution, (B) NiO vs. Fo and (C) CaO vs. Fo content show that olivine from Necker
Ridge are more magnesian than those from Horizon Guyot.

Figure 3. Plagioclase compositions of samples from Necker Ridge, Horizon Guyot and S.P. Lee Guyot.
Necker Ridge plagioclase is similar to that in Hawaiian tholeiite and oceanic ridge basalt.
Horizon Guyot sample D11-A7 has plagioclase that is similar to Hawaiian tholeiite, but
D14-Al appears alkalic. Or content as high as 4.0% in D25-1 suggests a stongly alkalic
composition for S.P. Lee Guyot. Fields of Hawaiian lava are from Keil et al. (1973).

Figure 4. (A) Ca-Mg-Fe ternary plot for clinopyroxene in the ankaramite from S.P. Lee Guyot shows
compositions in the low Ca region established for alkalic Hawaiian clinopyroxene pheno-
crysts (Fodor et al., 1975). (B) TiO, vs. Wo contents suggests a moderately to strongly
alkalic composition. P (shaded)= phenocrysts, G= groundmass.

Figure 5. Alkalies vs. silica plot for samples dredged on L5-83-HW shows Necker Ridge samples to be
tholeiitic and mildly alkalic. Horizon Guyot is transitional and alkalic, and S.P. Lee Guyot
samples are moderately to strongly alkalic. Fields of tholeiitic vs. alkalic lava from Mac-
donald and Katsura (1964). Compositions of lava dredged from the Line Islands (Natland,
1976) and compositional range of samples recovered at DSDP drill sites (shaded) in the
central Pacific are shown for comparison. Mildly, moderately and strongly alkalic
differentiation trends for Samoan lava are also shown (Natland, 1976). Compositions are
normalized and volatile-free.

Figure 6. P,O, vs. TiO, plot for basalt recovered on L5-83-HW shows samples of D1 from Necker

Ridge in the oceanic ridge field. Two other samples from Necker Ridge and one from Hor-
izon Guyot appear transitional between oceanic island tholeiite and alkalic basalt, whereas
the remaining sample from Horizon and all of the samples from S.P. Le Guoyt are
definitely alkalic. Fields from Bass et al. (1973)

Figure 7. Chondrite-normalized rare-earth elements (REE) for dredged samples show Necker Ridge (A)
and one of Horizon Guyot (B) samples similar to Hawaiian tholeiite. The higher abundance
of light REE and negative Ce anomaly of D5-2 from Necker Ridge indicates secondary
phosphatization. The samples from S.P. Lee Guyot (C) fall well within the range of compo-
sitions observed for alkalic Hawaiian basalt. Fields for tholeiitic and alkalic Hawaiian lava
from Basaltic Volcanism Project (1982).

Figure 8. Zr vs. Nb plot for dredged samples shows Necker Ridge samples as mostly tholeiitic and
mildly alkalic, with compositions of D1 similar to oceanic ridge or very depleted oceanic
island tholeiite. Samples from Horizon and S.P. Lee Guyot range from transitional to mildly
alkalic, and from moderately to strongly alkalic, respectively. Data for DSDP 165 and fileds
for oceanic ridge and alkalic basalt from Bass et al. (1973). Data for Hawaiian tholeiite
from Basaltic Volcanism Project (1982).

Figure 9. Zr vs. Sr plot shows a similar distribution as that shown on the Zr vs. Nb plot (Figure 8).
DSDP 165 and petrotectonic fields from Bass et al. (1973).



Figure 10. Hf-Th-Ta plot for dredged samples shows samples of D1 from Necker Ridge on the boun-
dary between the fields for normal oceanic ridge basalt (A) and oceanic island tholeiite (B).
D6-2 plots in the field of E-type MORB and oceanic island basalt (B), and D5-2 in the field
of alkalic within-plate basalt (C). Both samples from Horizon Guyot and all samples from
S.P. Lee Guyot plot in the alkalic field (C). Petrotectonic fields from Wood (1980); A= N-
type MORB, B= E-type MORB and tholeiitic within-plate basalt, C= alkaline within-plate
basalt, and D= destructive plate-margin basalt.



20°

15° -

10°

EXPLANATION
~—— Ship trackline
@® Sample site
B DSDP site

170°

Figure 1.



ov

(% LM) ASVIOO0IODV1d NI 40

0¢ o'l

0.0

I-62d
Iv=v1d
Lv-114d

£-1d

Ggv-9d

=244
NOILVNVd

e & o m 0O 4«

x

3

ayns
ey

T T T T

alns
oleIoy L

ajyns ojuljaydanN

s}sAi1oouayd ojeye
pue JlHisjoy} jo piai4

ov

- 04

06

(% LM) 3SVYI100IDV1d NI uvy



ov

(% LM) ISVIDO0IOVId NI 410
o€ 0¢ 0t

0.0

T T T T

a}Ins
alpiv|oy L

alins
ey

I-g2d
Iv-v14
V=114

£-1a

Gv-9da

I~-240
NOILVNVd

a}Ins ojuy8ydanN

s}sAi1o0uayd ojeyje v
3 pue 21180y} 40 pjaid

x

e &® o W 0O 4«
~a
®

ov

- 04

06

(% LM) ISVIO0IOV1d NI uy

Figure 3.



TiO, (wt %)

Di Hd =

Alkali
basalt

\

Tholeiitic
basalt

A S.P. Lee Guyot

A.
\/
50
En Fs —
B Nephelinite
i Alkali
| basalt
' &
B B A S.P. Lee Guyot
) | | 1 1
30 35 40 45 50 55
Wo (mol %)

Figure 4.



0.

G9

09

(%
GG

IM) QIS
0S

Sy 0] GE

T

(9.61) puejieN
40 e3Ep pUR|S| AUIT)

30An9 887 °q°S
30AnS UOZIIOH

abpiy JayoaN

NOILVNVIdX3

X
v
n
o

ai3id JILH3TOHL

mmw /

dasa sajuljoydau
pue
sajiueseq
ueoweg

ai3id J1vyITY

ot

cl

vi

(% IM) O%M + 0N

Figure 5.



2.0

1.6

0.4

EXPLANATION
® Necker Ridge
@ Horizon Guyot

TiO, (wt %)

A S.P. Lee Guyot
°®
DSDP
B 165
" (]
A, A
Oceanic Island
N alkalic basalt
]
~ Oceanic Ridge
basalt
i Oceanic lIsland
tholeiitic basalt
] ] 1
2.0 4.0 6.0

Figure 6.



ROCK/CHONDRITE ROCK/CHONDRITE

ROCK/CHONDRITE

NECKER RIDGE

100 7]
Hawaiian ]
50 tholeiites 7
10
300 1 Ll 1 ¥ L ]
200 HORIZON GUYOT -
100 -
Hawaiian ]
50 / tholeiites .
r—
10 |
 B.
1 1 1 i | 1
300 ] T T T I I
200 S.P. LEE GUYOT
100 ¢ __Hawaiian alkali E
- basalt ]
50 | .
10¢ ¢.
1 1 1 i1 1
La Ce Nd Sm Eu Tb Yb Lu

Ficure 7



400

300

100

Hawaiian
tholeiite

Alkali basalt

DSDP 165

EXPLANATION

Oceanic Ridge ® Necker Ridge
basalt
® Horizon Guyot
A S.P. Lee Guyot
| [ L ' .
Nb (ppm)

Figure 8.



500

400

300

Zr (ppm)

200

100

EXPLANATION

® Necker Ridge

® Horizon Guyot
A S.P. Lee Guyot

Alkali basalt

Oceanic Island

DSDP 165

tholeiite
Ocean Ridge
basalt
| | | 1
200 400 600 800
Sr (ppm)

1000

Figure 9.



Hf/3
EXPLANATION

® Necker Ridge
8 Horizon Guyot

S.P. Lee Guyot

Ta

Fieure 10



