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FIGURE 1 | (A) Map of the Galdpagos Archipelago. Santa Cruz is located in the central Galdpagos. Cocos and Nazca absolute plate motion directions are from
Argus et al. (2011). The yellow line denotes the boundary between the enriched, LLSVP-sourced stripe on the W/SW side of the plume and the less enriched, ambient
mantle-sourced stripe on the E/NE side of the plume; see text for discussion and Harpp and Weis (2020) for further details. The white dashed line indicates the line
between the western and eastern volcanic morphologies in the archipelago. (B) Digital Elevation Model (DEM) of Santa Cruz with locations for all samples collected
during the 2012 and 2015 eld excursions to the island. Faults are represented as gray lines. Cinder and tuff cones are colored dark gray. Red circle is the town of Puerto
Ayora, and white circles are sampling locations. Light red regions (northeast quadrant and Baltra Island) are Platform Series (Bow, 1979). According to Bow (1979),
additional reversely polarized lavas (i.e., >700 ka Ma) are located in the northwest quadrant, but they are not shown here; consequently, it is possible that samples
SCZ15-01 through 06 may be Platform Series as well.
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Pinzén, and Santa Fe (Figure 1A). Santiago, Santa Cruz’s
neighbor to the northwest, has experienced limited
historical activity, having erupted as recently as 1906
(Siebert et al., 2010), and San Cristdobal has ~5ka lavas
along its northern coastline (Geist et al, 1986; Mahr
et al., 2016).

Mantle Sources

The geochemistry of Galdpagos lavas is complex; lavas ranging
from depleted, MORB-like compositions to enriched alkali-
olivine basalts have erupted across the archipelago (e.g., White
and Hofmann, 1978; Geist et al., 1988; Graham et al., 1993; White
et al., 1993; Kurz and Geist, 1999; Blichert-Toft and White, 2001:;
Harpp and White, 2001). White and Hofmann (1978) first noted
the distinctive, horseshoe-shaped spatial distribution of
geochemical signatures in the Galdpagos; along the western
and southern periphery of the archipelago, volcanoes erupt
lavas with geochemically enriched signatures, whereas the
central and eastern volcanic centers produce material with
depleted, MORB-like signatures (e.g., Geist et al., 1988; White
et al., 1993; Harpp and White, 2001).

Initially, the enriched geochemical horseshoe pattern was
attributed to plume-asthenosphere mixing (Geist et al.,, 1988)
or thermal entrainment of the asthenosphere into a sheared
plume (White et al, 1993; Blichert-Toft and White, 2001;
Harpp and White, 2001). Researchers have also invoked a
spatially heterogeneous plume, in which multiple mantle
reservoirs with different evolutionary histories supply the
plume (Hoernle et al., 2000; Gibson et al., 2012; Harpp et al,
2014b; Harpp and Weis, 2020; Gleeson et al., 2021). Harpp and
White (2001) established that at least four isotopically distinct
mantle endmembers are required to generate the geochemical
variation observed across the archipelago: I) plume material with
primordial helium isotope signatures (PLUME; Graham et al.,
1993), supplying the western shields; 2) ancient recycled material
with fluid-mobile element-enriched signatures, concentrated
along the southern archipelago near Floreana Island (FLO); 3)
moderately depleted material with elevated **’Pb/***Pb and
9%pb/***Pb signatures, limited to the northern reaches of the
archipelago and whose source remains enigmatic (WD); and 4)
the depleted upper mantle (DUM). Harpp and Weis (2020)
proposed that the more enriched signatures originate in the
Large Low Shear Velocity Province (LLSVP) at the core-
mantle boundary, incorporating ancient, recycled material to
provide the enriched signatures, whereas the central and
eastern lavas are supplied primarily by less enriched, lower
Pacific mantle. They proposed that the compositional
boundary between the W/SW enriched and E/NE depleted
zones of the bilaterally asymmetric plume runs ~NW-SE,
cutting through the archipelago west of Santa Cruz (Figure 1A).

Volcanic Evolution

The archetype model for hotspot-generated ocean island
evolution is based on Hawai’i (MacDonald and Katsura, 1964;
Chen and Frey, 1983; Macdonald et al, 1983; Clague and
Dalrymple, 1987; Clague and Dalrymple, 1988). Hawaiian
volcanoes experience four lifecycle stages, explained by their
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proximity to the plume as the edifice is carried northwest by
the Pacific plate: 1) the pre-shield stage, when the volcano is on
the upstream periphery of the plume, generating low-degree
melts with alkalic compositions; 2) the shield stage, dominated
by high-volume, high-degree melts and tholeiitic lavas; 3) the
post-shield phase, primarily alkalic, low degree melts at the
downstream edge of the plume; and 4) rejuvenated volcanism,
which occurs after ~0.25-2.5 Ma of quiescence (e.g., Clague and
Dalrymple, 1987, 1988).

Galdpagos volcanoes do not conform to the Hawaiian
evolutionary sequence (Geist et al., 2014a; Harpp and Geist,
2018; Harpp and Weis, 2020). For example, the central and
eastern Galdpagos volcanoes do not exhibit clearly defined
post-shield or rejuvenation stages (e.g., Geist et al, 1986;
Gibson et al, 2012; Harpp et al., 2014a). Furthermore, the
eastern Galapagos bear little morphological
resemblance to the current western shields. The older islands
of Santiago, Santa Cruz, San Cristobal, and Espafiola lack
submarine rift zones and calderas characteristic of many
western shields (and most Hawaiian volcanoes) and lack
buried calderas (Cleary et al., 2020). Like Hawaiian volcanoes,
however, the eastern volcanoes also experience extended
volcanically active phases, erupting for >2 m.y. beyond when
the island was located near the plume center (e.g., Geist et al.,
1986; White et al., 1993; Mahr et al., 2016). Finally, petrographic
modeling by Geist et al. (1998) indicates that magmatic cooling in
the eastern islands, including Santa Cruz, is primarily controlled
by clinopyroxene rather than plagioclase. They conclude that the
bulk of the fractionation in eastern Galdpagos island melts is
taking place in the deep crust, at depths within the mantle in the
range of 17-23 km. This depth interval is greater than that for the
young western shields, whose magmatic plumbing systems are at
shallower depths (~10 km; Geist et al., 1998; 2014a) owing to their
more robust magma supplies.

As a consequence of the striking differences between the
eastern and western Galdpagos volcanoes, Harpp and Geist
(2018) proposed that the eastern islands are magmatically
starved compared to the western shields, preventing
development of thermochemically buffered magmatic systems
capable of supporting long-lived magma chambers and caldera
formation (Geist et al., 2014a). They attribute the lower magma
flux to the proximity of the GSC between 1 and 5 Ma (e.g., Wilson
and Hey, 1995; Mittelstaedt et al., 2012), which may have diverted
plume material toward the ridge, away from the volcanoes
developing at the time, which are currently the older, central
and eastern Galdpagos islands.

volcanoes

Previous Field Studies of Santa Cruz Island
As the largest island in the center of the archipelago, Santa Cruz
provides an opportunity to document how ocean islands mature
as they are carried downstream from a mantle plume. Three
previous field studies of Santa Cruz’s development (Bow, 1979;
Schwartz, 2014 M.Sc. thesis; Schwartz et al., 2022; the original
Masters’ thesis of Schwartz is available here: https://drive.google.
com/file/d/1iMk9grGWRNORT7K2]JxjsoXs4EY6IPKRU/view?

usp=sharing), conclude that Santa Cruz has experienced two
periods of volcanism and two periods of tectonic activity since
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the volcano migrated east from the hotspot center during the last
>1 million years, as follows (Ar-Ar ages all from Schwartz et al.,
2022):

1. Formation of the Platform Series, emplaced primarily between
1620 + 15 and 1160 + 35 ka, with only a trivial volume of
activity extending beyond 1160 ka.

2. Normal faulting of the Platform Series, exposed in the NE part
of the island and striking sub-parallel to highland vent
systems; faulting occurred since 1160 + 35ka and likely
between 780 and 500 ka (Bow, 1979; Schwartz et al., 2022)
and only crosscuts Platform lavas.

3. Formation of the Shield Series between 271 + 17 and 74 *
38ka, erupted from the E-W summit vent system and
deposited primarily along the southern flank of the island).

4. Formation of southern flank faults between 274 + 18 and 38 +
8ka, which overlaps with the emplacement of the Shield
Series, ending ~20 ka.

The Platform Series consists of lavas exposed primarily along
the northeastern coast of Santa Cruz (Figure 1B), as well as Baltra
and Seymour Islands, which are faulted remains of Santa Cruz
(Bow, 1979). Platform Series lavas are both subaerial and
submarine, thick (~10m) pahoehoe flows, and many are
interbedded with beach and shallow water deposits (Bow,
1979). Field observations confirm that the Platform Series lies
stratigraphically below the Shield Series wherever a contact
between the units is exposed. Schwartz et al. (2022) identified
Platform Series lavas in several locations (e.g., SC12-572B) along
the North Puerto Ayora fault that extends NW from Santa Cruz’s
largest town, along the south coast of the island. The 416 + 36 ka
(20) age of SC12-572B (Schwartz et al., 2022) is anomalously
young for a Platform Series lava. Thus, the Platform Series may
have been active as recently as ~0.4 Ma (nearly concurrent with
some Shield Series flows), and may not have shut down entirely at
~1.1 Ma (White et al., 1993; Schwartz et al., 2022), but the lack of
any other Platform Series samples from <1.1 Ma suggests that
sample SC12-572B represents only a trivially small-volume tail of
activity, and that the bulk of the Platform Series was emplaced
between 1.6 and 1.1 Ma.

The Shield Series consists of predominantly pahoehoe flows
erupted from the WNW-trending fissure system bisecting the
island (Figure 1B; Bow, 1979). The fissures are manifested as a
quasi-linear arrangement of late-stage cinder cones and pit craters in
the highlands and tuff cones near the coast. Gravity studies by Cleary
et al. (2020) confirm that they do not define the remnants of an in-
filled caldera (Bow, 1979). Shield Series flows exhibit features typical
of pahoehoe lava, with inflation lobes and tumuli.

Two Shield Series lavas have been dated using cosmogenic
helium techniques, yielding ages between 0.111 + 0.006 Ma and
0.585 Ma * 0.013 (Kurz and Geist, 1999). On the basis of Ar-Ar
ages and normal paleomagnetic polarity, Schwartz et al. (2022)
estimates that the Shield Series became active ~700 ka.
Consequently, >1 million years of volcanic and geochemical
history are preserved and exposed at Santa Cruz.
Unfortunately, dense vegetation severely limits detailed field
mapping across most of the island.

Evolution of Santa Cruz, Galapagos

Along the northern, eastern, and southern coasts, a series of
normal faults strike sub-parallel to the highland cinder cone
lineation (Schwartz et al., 2022; Figure 1B). Schwartz et al. (2022)
proposes that the faults define two distinct periods of tectonic
activity. The older faults, limited to the northeast quadrant, only
crosscut Platform Series lavas and formed since 1160 + 35 ka, and
likely between 780 and 500 ka (Bow, 1979; Schwartz et al., 2022),
as a consequence of regional extension early in the island’s
construction. The younger faults, along the southern flank,
formed contemporaneously with the Shield Series, between
274 + 18 and 38 + 8 ka (Schwartz et al., 2022). Schwartz et al.
(2022) attributes the younger faults to southward extension of the
island caused by E-W-oriented magmatic intrusions that ceased
~20 ka.

MATERIALS AND METHODS

During July and August 2012, we collected >70 samples from
Santa Cruz Island (Figure 1B), each of which was located by GPS
(Table 1). An additional 10 samples were collected along the
north shore in 2015. Owing to the lack of deeply eroded valleys or
a caldera, most samples in this study originate from the
uppermost stratigraphic layers of the volcano; only a handful
of samples were collected from within pit craters; consequently
we have no samples from early in the island’s development. The
rocks were broken into small chips by a jaw-crusher, and then
examined under a binocular microscope to collect ~15 g of fresh
material for chemical analysis.

Major and Trace Element Analysis

Samples were analyzed for major elements at Colgate University
by X-Ray Fluorescence (XRF) spectroscopy following a method
adapted from Norrish and Hutton (1969) on a Philips PW240
instrument. Replicate analyses of USGS Standard Reference
Material (SRM) BHVO-2 yielded precision for all major
element oxides <0.85% (lo; Table 1). The precision of
triplicate analyses of two samples (SC12-001 and SC12-063)
yielded <1% relative standard deviation (RSD, lo) for all
major elements, except P,Os (1.2% RSD, 1o). A subset of
previously collected samples (Bow, 1979) was analyzed by XRF
at Washington State University’s (WSU) GeoAnalytical
Laboratory following procedures described in Johnson et al.
(1999). Whole rock major element data were not adjusted for
phenocryst content (e.g., crystal accumulation).

Trace element concentrations were determined via Inductively
Coupled Plasma-Mass Spectrometry (ICP-MS) using a Varian
820MS quadrupole instrument at Colgate University. A 200-ppb
internal standard solution of '°In, '**Cs, "**W, and *°°T1 was
diluted to 1:20 using in-line mixing during analysis. Analyte
masses were corrected to the nearest internal standard mass of
those listed above to account for instrument drift, according to
the method developed by Eggins et al. (1997). External standard
curves were created using solutions of USGS SRMs BHVO-2,
BIR-1, DNC-1, AGV-2, and W-2. The Pearson correlation
coefficients of the standard curves were consistently >0.998. A
solution of USGS SRM W-2 was analyzed every five to six samples
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TABLE 1 | Santa Cruz sample locations and major element contents.

TABLE 1: Sample location and major element abundances (wt.%)

Sample

SC-194R
SC-196P
SC-196R
SC12-008
SC12-009
SC12-020
SC12-020 re
SC12-022
SC12-025
SC12-054
SC12-055
SC12-056
SC12-057
SC12-068
SC12-059
SC12-069 re
SC12-060
SC12-061
SC12-062
SC12-063
SC12-064
SC12-065
SC12-066
SC12-067
SC12-068
SC12-069
SC12-070
SC12-572B
SC12-572B re
SC-64
SC-78
SC-163
SC-193
SC-193 re
SC-202
SC-206A
SC12-001
SC12-006
SC12-011
SC12-013
SC12-014
SC12-015
SC12-015re
SC12-016
SC12-019
SC12-026

Compositional
group

Platform
Platform
Platform

Platform exposed in fault
Platform exposed in fault

Platform
Platform
Platform
Platform
Platform
Platform
Platform
Platform
Platform
Platform
Platform
Platform
Platform
Platform
Platform
Platform
Platform
Platform
Platform
Platform
Platform
Platform

Platform exposed in fault
Platform exposed in fault

Shield Low K/Ti (<0.15)
Shield Low K/Ti (<0.15)
Shield Low K/Ti (<0.15)
Shield Low K/Ti (<0.15)
Shield Low K/Ti (<0.15)
Shield Low K/Ti (<0.15)
Shield Low K/Ti (<0.15)
Shield Low K/Ti (<0.15)
Shield Low K/Ti (<0.15)
Shield Low K/Ti (<0.15)
Shield Low K/Ti (<0.15)
Shield Low K/Ti (<0.15)
Shield Low K/Ti (<0.15)
Shield Low K/Ti (<0.15)
Shield Low K/Ti (<0.15)
Shield Low K/Ti (<0.15)
Shield Low K/Ti (<0.15)

Latitude
(degrees)

-0.73420
-0.73273
-0.56739
-0.56739
-0.56759
-0.58009
-0.49092
-0.49145
-0.49903
-0.51080
-0.49198
-0.49388
-0.49388
-0.49394
-0.48504
-0.48445
-0.48924
-0.49030
-0.49461
-0.49347
-0.49090
-0.49303
-0.49594
-0.51437
-0.73636
-0.73636

-0.73792
-0.76233
-0.73148
-0.70175
-0.68263
-0.74286
-0.74286
-0.74328
-0.63662
-0.65736

Longitude
(degrees)

-90.30904
-90.31274
-90.17453
-90.17453
-90.17432
-90.17335
-90.27768
-90.27637
-90.27050
-90.26462
-90.28540
-90.28613
-90.28613
—-90.28582
-90.25501
—-90.25042
-90.24891
—-90.24870
-90.24798
-90.24911
-90.25342
-90.30752
-90.30007
-90.29446
-90.30458
-90.30458

-90.30180
-90.33024
-90.31692
—-90.20954
-90.22337
-90.32467
-90.32467
-90.32431
-90.29538
-90.18756

Altitude (m)

389
18

Mg#

49.74
47.51
47.35
63.41
52.14
45.02
42.41
44.39
40.91
50.59
51.85
59.25
45.89
59.54
55.04
52.41
4217
40.95
40.68
35.02
44.26
64.02
42.13
41.18
51.39
61.38
61.61
51.24
48.62
67.92
67.13
50.38
59.72
62.60
66.04
53.51
60.51
63.79
66.04
61.04
54.85
61.65
64.11
58.52
60.03
64.67

Si0,

48.65
47.82
47.78
47.07
48.46
47.57
46.88
46.80
49.55
46.76
46.75
47.61
46.71
46.48
47.34
46.76
46.38
47.87
48.09
48.31
48.75
46.60
47.21
47.04
46.76
46.19
46.99
48.13
47.60
46.62
46.46
46.12
46.23
47.26
46.88
46.05
46.11
45.88
45.64
46.06
47.59
46.20
46.73
46.63
46.34
46.46

TiO,

2.09
2.76
2.75
1.29
2.06
2.63
2.59
2.67
2.26
1.96
1.87
1.77
2.36
1.64
2.09
2.06
2.72
3.36
3.46
3.18
3.38
1.64
2.78
2.82
2.16
1.59
1.53
2.09
2.07
1.06
1.10
2.18
1.9
1.60
1.22
2.70
0.92
1.26
1.14
1.34
1.53
1.29
1.30
1.37
1.08
1.28

Al,O;

16.84
14.72
14.77
16.73
17.20
14.64
14.43
14.27
17.47
16.20
16.39
14.56
156.43
16.20
16.87
16.66
156.18
13.08
13.12
13.49
13.49
16.57
14.39
14.58
16.54
15.26
14.55
17.65
17.46
16.46
15.87
16.61
16.51
17.03
16.26
18.64
17.23
16.07
14.93
15.90
16.15
16.41
16.60
16.49
16.91
16.94

FeO

10.66
13.08
13.12
10.44
10.13
13.28
14.54
14.72
10.97
12.93
12.66
12.22
13.56
11.65
11.17
12.27
156.02
14.60
14.77
15.44
13.29
10.75
14.49
14.61
12.59
12.18
12.07
9.99

10.98
10.09
10.71
13.76
11.88
10.54
10.65
11.83
11.32
11.40
11.79
11.79
11.66
11.34
10.32
11.73
11.49
10.71

CaO

11.78
10.89
10.90
11.14
11.15
11.65
11.48
11.07
10.75
10.80
10.81
10.22
10.82
11.44
10.91
10.77
10.05
11.22
10.62
9.49

10.91
11.34
10.62
10.61
10.58
10.52
10.87
11.34
11.22
11.06
10.96
9.08

10.23
10.06
10.53
9.67

12.11
11.19
10.79
11.40
11.99
11.52
11.65
11.47
11.64
11.88

MgO

5.92
6.64
6.62
10.15
6.19
6.10
6.01
6.59
4.26
7.43
7.65
9.97
6.45
9.53
7.67
7.58
6.14
5.68
5.68
4.67
5.92
10.73
5.92
5.74
7.47
10.86
10.87
5.89
5.83
11.99
12.27
7.84
9.88
9.89
11.62
7.64
9.73
11.27
12.86
10.37
7.95
10.22
10.34
9.28
9.68
11.00

MnO

0.20
0.22
0.22
0.18
0.17
0.23
0.22
0.22
0.22
0.20
0.19
0.17
0.20
0.17
0.18
0.18
0.23
0.21
0.21
0.25
0.22
0.17
0.23
0.22
0.18
0.18
0.17
0.17
0.17
0.17
0.17
0.20
0.17
0.17
0.17
0.19
0.17
0.16
0.18
0.17
0.20
0.16
0.16
0.17
0.17
0.17

K0

0.41
0.36
0.37
0.23
0.53
0.41
0.40
0.37
0.56
0.35
0.33
0.35
0.45
0.25
0.33
0.32
0.47
0.56
0.54
0.67
0.51
0.26
0.46
0.46
0.36
0.26
0.17
0.54
0.54
0.09
0.09
0.30
0.23
0.22
0.12
0.14
0.08
0.15
0.15
0.19
0.15
0.16
0.16
0.17
0.13
0.09

NaO

3.14
3.24
3.19
2.61
3.70
3.21
3.17
2.98
3.56
3.09
3.08
2.88
3.69
2.51
3.15
3.1
3.44
297
3.07
3.85
3.06
2.68
3.53
3.54
3.1
2.71
2.58
3.78
3.74
2.36
2.27
3.63
3.07
3.05
2.46
2.80
2.24
2.46
2.38
2.61
2.56
2.56
2.59
2.54
2.42
2.34

P205

0.30
0.27
0.27
0.17
0.40
0.29
0.28
0.30
0.39
0.27
0.25
0.25
0.33
0.21
0.28
0.28
0.36
0.44
0.43
0.65
0.47
0.25
0.36
0.38
0.30
0.23
0.19
0.40
0.39
0.10
0.09
0.27
0.21
0.19
0.10
0.33
0.08
0.15
0.13
0.17
0.21
0.14
0.14
0.15
0.13
0.12

Analytical
total

96.98
99.19
99.10
98.18
99.13
98.89
98.89
98.16
98.77
99.24
98.94
98.83
98.73
98.70
98.57
98.57
98.81
98.19
98.24
98.79
99.07
98.58
99.01
99.21
98.55
99.08
98.74
98.97
98.97
99.27
97.38
99.11
99.00
99.66
100.39
95.94
98.72
98.42
98.83
98.87
99.15
98.80
98.80
98.59
99.05
99.30

(Continued on following page)
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TABLE 1 | (Continued) Santa Cruz sample locations and major element contents.

TABLE 1: Sample location and major element abundances (wt.%)

Sample

SC12-030
SC12-036
SC12-042
SC12-043
SC12-051
SC12-071B
SC12-570
SC12-581
SC12-584B
SCZ15-01
SCZ15-02
SCZ15-04
SCZ15-08
SCZ15-09
SCZ15-10
SC-46
SC-130
SC-135
SC-155
SC12-002
SC12-007
SC12-010
SC12-012
SC12-012 re
SC12-018
SC12-021
SC12-023
SC12-024
SC12-029
SC12-031
SC12-032
SC12-033
SC12-034
SC12-035
SC12-037
SC12-038
SC12-041
SC12-044
SC12-046
SC12-047
SC12-048
SC12-050
SC12-071A
SCZ15-03
SCZ15-05
SCZ15-06

Compositional
group

Shield Low K/Ti (<0.15
Shield Low K/Ti (<0.15
Shield Low K/Ti (<0.15
Shield Low K/Ti (<0.15
Shield Low K/Ti (<0.15
Shield Low K/Ti (<0.15
Shield Low K/Ti (<0.15
Shield Low K/Ti (<0.15
Shield Low K/Ti (<0.15
Shield Low K/Ti (<0.15
Shield Low K/Ti (<0.15
Shield Low K/Ti (<0.15
Shield Low K/Ti (<0.15
Shield Low K/Ti (<0.15
Shield Low K/Ti (<0.15)
Shield Mid K/Ti (0.15-0.24)
Shield Mid K/Ti (0.15-0.24)
Shield Mid K/Ti (0.15-0.24)
Shield Mid K/Ti (0.15-0.24)
Shield Mid K/Ti (0.15-0.24)
Shield Mid K/Ti (0.15-0.24)
Shield Mid K/Ti (0.15-0.24)
Shield Mid K/Ti (0.15-0.24)
Shield Mid K/Ti (0.15-0.24)
Shield Mid K/Ti (0.15-0.24)
Shield Mid K/Ti (0.15-0.24)
Shield Mid K/Ti (0.15-0.24)
Shield Mid K/Ti (0.15-0.24)
Shield Mid K/Ti (0.15-0.24)
Shield Mid K/Ti (0.15-0.24)
Shield Mid K/Ti (0.15-0.24)
( )
( )
( )
(t )
( )
( )
( )
( )
( )
( )
( )
( )
(t )
( )
(t )

)
)
)
)
)
)
)
)
)
)
)
)
)
)

Shield Mid K/Ti (0.15-0.24,
Shield Mid K/Ti (0.15-0.24;
Shield Mid K/Ti (0.15-0.24;
Shield Mid K/Ti (0.15-0.24;
Shield Mid K/Ti (0.15-0.24;
Shield Mid K/Ti (0.15-0.24;
Shield Mid K/Ti (0.15-0.24;
Shield Mid K/Ti (0.15-0.24;
Shield Mid K/Ti (0.16-0.24;
Shield Mid K/Ti (0.15-0.24,
Shield Mid K/Ti (0.15-0.24;
Shield Mid K/Ti (0.15-0.24;
Shield Mid K/Ti (0.15-0.24;
Shield Mid K/Ti (0.15-0.24;
Shield Mid K/Ti (0.15-0.24;

Latitude
(degrees)

-0.68891
-0.64494
-0.58966
-0.62654
-0.65260
-0.63275
-0.73675
-0.73418
-0.73856
-0.56039
-0.55811
-0.53149
-0.51065
-0.49385
-0.49689

-0.74343
-0.76465
-0.725562
-0.69863
-0.69863
-0.63613
-0.56800
-0.57188
-0.58360
-0.63619
-0.67224
-0.67014
-0.66427
-0.63963
-0.64285
-0.66826
-0.61789
-0.59970
-0.70893
-0.66620
-0.68480
-0.64116
-0.67753
-0.63275
-0.54332
-0.62595
-0.51707

Longitude
(degrees)

-90.31452
-90.33713
-90.35444
-90.38822
-90.30449
—-90.42808
-90.30406
-90.30901
-90.32131
-90.52869
-90.51784
-90.50382
-90.37914
-90.35193
-90.33179

—-90.29953
-90.33971
-90.32068
-90.22364
-90.22364
-90.29362
-90.17459
-90.17373
-90.17330
-90.29632
-90.43854
—-90.43343
-90.43870
—-90.43221
-90.42131
-90.32398
-90.36569
-90.36203
-90.35719
-90.39413
-90.36601
-90.28589
-90.22904
-90.42808
-90.51119
-90.48788
-90.46250

Altitude (m)

236
794
346
614
540
379

317
33
35
16

455

250

255

227

390

425

480

623

413

145

388

251

434

379

[ecNeoNe)

Mg#

66.24
45.74
64.55
54.76
53.43
53.50
60.87
61.79
67.69
67.04
58.99
65.62
63.56
63.06
68.44
55.51
61.65
51.87
58.15
53.45
64.76
57.60
55.02
58.63
48.18
54.39
53.32
49.50
53.11
55.46
62.92
60.10
54.44
54.90
58.42
53.89
57.19
48.23
54.39
47.22
56.83
61.37
61.45
57.17
62.57

Si0,

45.65
46.41
45.46
46.48
46.73
46.57

46.09
46.11
46.68
46.93
47.15
46.88
47.23
47.61
46.41
46.86
47.15
48.08
46.37
46.81
45.65
47.27
46.67
46.09
47.01
46.70
46.67
46.13
46.37
4714
46.82
45.86
46.23
45.14
46.07
46.33
46.47
46.75
46.94
46.80
46.28
45.39
47.07
47.47
47.22

TiO,

1.33
2.61
1.16
1.95
2.25
2.32

1.62
1.29
1.05
1.08
1.50
1.28
0.97
0.99
1.42
2.70
1.94
2.30
1.93
2.08
1.42
2.04
2.01
1.88
1.98
224
2.19
2.30
2.33
1.92
1.38
1.99
1.85
2.48
2.05
2.25
1.84
2.80
2.03
2.77
2.18
1.91
2.03
2.02
1.98

Al,O4

16.24
16.58
16.12
16.06
16.76
16.56

15.83
16.21
16.37
16.59
16.68
16.72
17.45
17.07
16.92
16.76
15.99
17.58
15.86
16.77
16.77
16.05
15.85
15.49
16.93
16.31
16.52
16.24
15.84
17.04
16.78
15.74
16.29
16.64
16.98
16.34
16.01
16.29
16.92
16.30
16.43
15.69
16.88
17.01
16.78

FeO

11.20
13.48
12.23
12.85
12.49
12.76

1217
11.61
10.15
9.95

11.09
11.00
10.38
10.32
10.32
11.84
10.97
11.30
12.33
12.99
11.50
11.44
12.55
12.40
12.20
12.34
12.48
13.76
13.11
11.50
10.58
12.21
13.17
13.70
11.59
12.70
12.66
13.06
12.06
13.07
11.89
12.29
10.63
11.27
10.33

CaO

10.20
10.11
10.65
9.83
9.44
9.12

10.03
11.27
11.21
11.39
11.61
10.41
10.98
11.31
10.16
9.56
9.43
9.77
9.67
9.15
10.56
9.80
9.68
10.08
11.68
9.42
9.21
9.16
8.96
10.06
11.12
10.11
9.57
8.76
10.26
9.24
9.03
8.46
9.01
9.03
10.07
10.45
9.68
9.40
9.45

MgO

12.33
6.38
12.50
8.73
8.04
8.24

10.62
10.63
11.93
11.35
8.95
11.78
10.15
9.89
12.56
8.29
9.89
6.83
9.61
8.37
11.85
8.72
8.61
9.86
6.36
8.26
8.00
7.56
8.33
8.03
10.07
10.32
8.83
9.36
9.13
8.33
9.49
6.82
8.07
6.56
8.78
10.95
9.50
8.44
9.69

MnO

0.16
0.19
0.17
0.18
0.19
0.17

0.17
0.17
0.17
0.17
0.19
0.19
0.17
0.17
0.17
0.20
0.19
0.18
0.17
0.18
0.17
0.19
0.19
0.19
0.20
0.17
0.17
0.19
0.19
0.16
0.17
0.18
0.18
0.20
0.16
0.18
0.18
0.19
0.16
0.19
0.17
0.18
0.17
0.18
0.16

K0

0.17
0.33
0.13
0.27
0.31
0.29

0.20
0.16
0.09
0.1
0.15
0.15
0.10
0.10
0.24
0.60
0.44
0.36
0.31
0.41
0.27
0.44
0.43
0.38
0.32
0.36
0.46
0.43
0.49
0.41
0.22
0.45
0.28
0.48
0.30
0.46
0.34
0.55
0.44
0.62
0.47
0.33
0.36
0.35
0.44

Na,O

2.50
3.48
2.45
3.34
3.43
3.64
3.16
2.51
2.24
2.36
2.48
2.45
2.49
2.44
2.61
3.73
3.63
3.27
3.45
3.86
2.54
3.67
3.63
3.30
3.18
3.81
3.92
3.84
3.92
3.46
2.66
2.80
3.29
2.76
3.21
3.81
3.67
4.56
4.01
4.14
3.40
2.50
3.36
3.55
3.60

P205

0.20
0.44
0.12
0.30
0.36
0.31
0.21
0.14
0.11
0.11
0.20
0.13
0.08
0.10
0.18
0.45
0.38
0.38
0.29
0.37
0.26
0.38
0.38
0.31
0.28
0.40
0.39
0.39
0.47
0.28
0.19
0.35
0.29
0.49
0.25
0.37
0.29
0.53
0.36
0.51
0.32
0.29
0.32
0.33
0.35

Analytical
total

98.37
98.64
98.67
98.67
98.83
98.79
98.05
98.23

98.78
98.33
98.22
98.61
98.42
100.05
99.90
98.568
98.08
98.94
98.81
98.55
99.52
99.62
98.71
99.02
98.34
98.42
98.50
98.32
98.35
98.76
98.74
98.75
98.32
98.565
98.80
98.62
99.71
98.66
99.05
98.72
98.71
98.39
98.14
98.66

(Continued on following page)
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