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31. CHEMOSTRATIGRAPHY OF MADEIRA ABYSSAL PLAIN
MIOCENE-PLEISTOCENE TURBIDITES, SITE 9501

lan Jarvis,? Jennifer Moreton,?2 and Martine Gérafd

ABSTRACT

Miocene to Holocene sediments on the Madeira Abyssal Plain (MAP), northeast Atlantic, are dominated by thick-bedded
distal mud turbidites. These turbidites record the history of sedimentary source areas and slope failure on the margins of the
Canary Basin since ~15 Ma. Major elements and selected trace elements have been determined in 488 turbidite samples col-
lected between 0 and 325 mbsf (Miocene—Pleistocene) at Site 950, on the western MAP. Carbonate and Ti/Al ratio data have
been plotted against a detailed sedimentary log to demonstrate the distribution of turbidite chemofacies through the succession
Three major turbidite groups, recognized previously from Quatenmags, are confirmed to continue through the older sedi-
ment record on the plain. Organic-rich, volcanic, and calcareous turbidites are clearly differentiated on chemostratigraphic lo
Organic-rich turbidites dominate both volumetrically and numerically. They have been deposited since the middle Miocene
(~15 Ma) and may be subdivided into three geochemically distinct subgroups, the relative importance of which has changed
through time. The oldest sediments are Al rich, reflecting more kaolinitic compositions; two K- and Mg-rich subgroups become
dominant upward, implying a trend toward more chloritic and illitic clay-mineral assemblages. These changes indicate an
increasing importance of northerly source areas on the northwest African continental slope, and/or climatic changes promoting
mineralogical shifts in sediments on the margin. The onset of significant volcanic turbidite deposition occurred in the mid—lat
Miocene, ~1416 Ma, with the deposition of low-Ti sediments derived from the vicinity of an evolved volcanic source, possibly
the slopes of the Canary Islands off Lanzarote or Gomera. A major change toward more basaltic sources occurred in the late
Pliocene (~3.5 Ma), possibly associated with the early development of La Palma. Wide ranges in trace-element compositions
and a shift toward less Ti-rich compositions indicate the continued existence of multiple sources with increasing voicanic frac
tionation since that time. Calcareous turbidites have been deposited regularly since the Miocene, but underwent a major
decrease in their volcaniclastic component ~3.5 Ma. This is interpreted to indicate the subsidence and draping of the seamount
chains to the west of the MAP, which are believed to be the source area for these turbidites.

INTRODUCTION sands and silts (Units T,,q of Bouma, 1962), but these units progres-
sively disappear distally, leaving only wispy laminated silts and

The Madeira Abyssal Plain (MAP) liesin the deepest part of the ~ Muds at the base (Units T, of Stow and Shanmugam, 1980).
Canary Basin at water depths of ~5.4 km. It consists of three linked Throughout the area, the bulk of each turbiditeistypically composed
sub-basins, which when combined occupy an area of approximately ~ ©f Te (Te) ungraded muds. i _
68,000 km? (Fig. 1). The morphology of the MAP isvirtually flat, in- - MAP Quaternary sequences have been dated using nannofossil
terrupted only by small abyssal hills that rise a few hundred meters biostratigraphy of the pelagic marls and oozes. The turbidites them-
above the plain. Quaternary sequences on the MAP represent one of
the most comprehensively studied sedimentary records in the deep
ocean (Weaver and Kuijpers, 1983; Colley et a., 1984, 1989; Colley
and Thomson, 1985, 1992; K uijpersand Weaver, 1985; Wilsonet al.,
1985, 1986; Thomson et al., 1986, 1987, 1993; Weaver et a., 1986,
1992, 1994; Weaver, Buckley et a., 1989; Weaver, Thomson, et .,
1989; De Lange et al., 1987, 1989; Jarvis and Higgs, 1987; Kidd et
a., 1987; Searle, 1987; Weaver and Rothwell, 1987; Middelburg and
DeLange, 1988; Pearce, 1991; De Lange, 1992a, 1992b; Joneset d ., % —]
1992; McArthur et a., 1992; Middelburg, 1993; Pearce and Jarvis fCaIcareous\(?_
19923, 1992b, 1995; Rothwell et al., 1992; Weaver, 1993; Weaver
and Thomson, 1993).

Sediments have been recovered primarily by piston cores to a
depth of up to 35 m, representing deposition since ~750 ka. More
than 160 cores have been collected from the plain, sequencestypical- \I{Le
ly comprising meter-thick, fine-grained distal turbidites, interbedded 2Q
with thin, centimeter to decimeter pelagic ooze, marl, or clay (Weav-
er et a., 1986; Weaver and Rothwell, 1987). Thicker turbidites may
have a coarser basal facies (Rothwell et a., 1992), comprising thin |, 500km
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Weaver, PPE., Schmincke, H.-U., Firth, J.V., and Duffield, W. (Eds.), 1998. Proc.
ODP, Sci. Resullts, 157: College Station, TX (Ocean Drilling Program). Figure 1. Location map for the Madeira Abyssal Plain (MAP) and ODP Site
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sLaboratoire Petrologie et Mineralogie, Orstom, 72 Route d’Aulnay, 93143 Bond Port pathways from Pearce and Jarvis (1995), gray arrows = organic-rich,
Cedex, France. black = volcanic, white = calcareous turbidites.
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selves exhibit distinctive color and thickness variation, and yield MATERIALS

unique mixed coccolith assemblages. By combining these data, indi-

vidual turbidites have been successfully correlated between cores Site 950 is located in the southwestern part of the central MAP
(Weaver aqd Kuijpers, 1983, Weaver et al.., 1986; Weaver, Buckley  (Fig. 1) at 31°9.0N, 25°36.00W, at a water depth of 5438 m. This
etal., 1989; Weaver, Thomson, et al., 1989; Weaver, 1993). Inaddi-  |ocation is only 25 km west-southwest of the site of a 34-m-long giant

tion, DeLangeet a. (1987, 1989) studied the bulk-geochemical anal-  iston core, MD10, which contains a complete turbidite sequence be-
yses of turbidites from two representative MAP cores, and recog-  ginning ~690 ka (isotope Stages 1 through 17). Core MD10 was
nized three broad compositional groups: green organic-richturbidites — gegchemically characterized by De Lange et al. (1987, 1989) and,
with 0.3%-2.5% organic carbon (C,); gray “volcanic” turbidites  315ng with Core D10688, was the first to be used to demonstrate the
containing volcanlglastlc debris and h.|g.h.con.centrat|0ns of eleme”%plication of chemostratigraphic methods to sediment provenance
such as Ti; and white calcareous turbiditéth high CaCQ (>75%)  stydies. The location of the site on the western margin of the plain en-
contents. This work was extended by Pearce (1991) and Pearce afiles that it contains a relatively complete sediment record dominat-
Jarvis (1992a, 1995), who used geochemical data for >500 samplgg py very distal facies, with little evidence of basal sand or silt de-
from 23 cores, to demonstrate that individual MAP turbidites havge|opment except in calcareous turbidites, which were derived from
distinctive and consistent geochemical compositions over distanc@se west. These characteristics made the site the most appropriate
of >500 km, which enable the chemostratigraphic correlation of S&ojce for a chemostratigraphic type section. Shipboard (Schmincke,
quences across the whole plain. _ _ _ Weaver, Firth, et al., 1995) and subsequent biostratigraphic data
A combination of geochemical and sedimentological evidenceyowe and Sblendorio-Levy, Chap. 29, this volume) confirm that

(De Lange et al., 1987, 1989; Jones, 1988; McCave and Jones, 1988, 950 exhibits a thick turbidite record down to the lowest middle
Pearce, 1991; Pearce and Jarvis 1992a, 1995; Rothwell et al., 199)cene.

mineralogical data (Weaver and Rothwell, 1987; Pearce and Jarvis, ap informal lithostratigraphy for Site 950 was proposed by

1992b), and geological arguments (Weaver, Buckley et al., 198%:nmincke, Weaver, Firth, et al. (1995): Unit+306 mbsf; meters
Weaver, Thomson, et al., 1989; 1992, 1994), were employed bya|ow seafloor), comprises thick (decimeter to meter) turbidite muds
Pearce and Jarvis (1995) to demonstrate that the turbidite COMPOgkparated by thin (centimeter) pelagic ooze, marl, or clay interbeds;
tional groups represented deposition from flows derived from fivepit || (306-333 mbsf) consists of carbonate debris flows; Unit Il
distinct source areas. Organic-rich turbidites are sourced from tr‘(g33_370 mbsf) is predominantly pelagic red clay, with thin carbon-
northwest African continental slope (Fig. 1), one subgroup being dese rich turbidites and zeolitic ash bands; Unit IV (3%&L mbsf)

rived from north of the Canaries, probably off the Moroccan coastygnsists of volcaniclastic sandstones and siltstones. Unit | was divid-
the second subgroup was derived from south of the Canaries, qff (Schmincke, Weaver, Firth, et al., 1995) into Subunits-250
Western Sahara. Volcanic turbldltes_orlglnate from the slopes of thﬁlbsf) and Ib (156306 mbsf), on the basis that pelagic intervals be-
Canary Islands, one subgroup coming largely from the western igsy 150 mbsf are clays rather than mixed lithologies (clays, clayey
lands, the other being derived from the northern flanks of the centrahnnofossil mixed sediments, and nannofossil oozes). Following the
and eastern islands. Calcareous turbidites are derived from the mgfsrk of De Lange et al. (1987, 1989) and Pearce and Jarvis (1992a,
gins of the seamount chains lying to the west of the MAP. 1995), shipboard sedimentologists employed a genetic classification
_ Despite their young age, minimal burial, and deep-water deposiyr \MAP turbidites that included green (organic-rich), gray (volca-
tional setting, MAP Quaternary turbidites display evidence of signifyc_rich), and white (calcareous) turbidites. Other lithologies recog-
icant early diagenetic modification. Many turbidites exhibit a distinc-pjzeq (Schmincke, Weaver, Firth, et al., 1995) included gray-green
tive two-tone coloration with decimeter-thick pale gray to brOW”'CC"'(intermediate-type), light brown or white nannofossil clay, and cal-
ored tops, and thicker, darker, green lower portions. These ‘bleacheghequs turbidites with volcanic clasts.

tops have been produced by the post-depositional oxidation of organ- |, total, 488 10-mL sediment plug samples were collected from
ic matter in the upper parts of the turbidites by oxygen diffusing intQhe mud portions of each turbidite >20 cm thick from 0-325 mbsf
the sediment from bottom water (Colley et al., 1984; Colley and Thecgres 157-950A-1H to 36X); samples were taken from below redox
omson, 1985; Wilson et al., 1985, 1986; Thomson et al., 1986, 198fonts and above any silty basal facies. Three equally spaced samples
Chap. 32, this volume; Jarvis and Higgs, 1987; Weaver, Thomson, gfare collected from turbidites >1 m thick, and one or two samples
al., 1989). Oxidation proceeds by the downward migration of a shargrom thinner beds. The aim was to adequately characterize the prima-
ly defined redox boundary that remains active until the turbidite is CYly geochemical composition of each major turbidite, and to use these
off from its oxygen supply by the deposition of a subsequent flowgata to develop a chemostratigraphic framework, which could be

generally within a few 10 k.y. The color change, which is caused bysed to document changes in sediment composition and provenance
the destruction of organic matter and oxidation of reduced transmothough the Miocene—Pleistocene.

metal species, is particularly apparent in organic-rich (>0.3% organic

carbon) turbidites. Many elements, (As, Cd, Co, Cu, Fe, Mn, Ni, S,

Sb, Se, Tl, U, V, and Zn; Thomson et al., 1993, Chap. 32, this vol- ANALYTICAL METHODS

ume) are mobilized and relocated in response to the changing redox

conditions, but it is important to note that others, particularly Si, Ti, Sample preparation methods are described elsewhere (Jarvis,

Al, Mg, K, and Zr (Jarvis and Higgs, 1987; Pearce and Jarvis 1993;992). Briefly, unwashed samples were freeze-dried, and ground by

Thomson et al., Chap. 32, this volume), appear to be unaffected Imand to a fine powder in an agate mortar and pestle. Homogenized

these early diagenetic processes. samples were redried overnight at 65°C; 0.250-g subsamples were
Cores obtained during ODP Leg 157 provide the first opportunityfused with 1.250 g of lithium metaborate (LiB@t 1050°C, and the

to study the pre-late Quaternary record on the MAP. In this paper, waelts dissolved in dilute HNQOFinal solutions were prepared in 250

have applied the methods of De Lange et al. (1987, 1989) and Pearoé 0.5M HNO,.

and Jarvis (1992a, 1995) to sediments obtained at Site 950 to developGeochemical data were obtained using a Jobin Yvon JY70 Plus

a chemostratigraphic framework that will be used to document thECP-AES at Kingston University. Analytical procedures and operat-

history of turbidite sedimentation on the plain since the early middléng conditions are listed in Jarvis and Jarvis (1992) and Totland et al.

Miocene (~15 Ma). (1992). In this study, nine major elements (Si, Ti, Al, Fe, Mn, Mg, Ca,
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Na, and K) and four trace elements (Ba, Cr, Sr, and Zr) were deter- groups were defined using a range of sedimentological and geochem-
mined. Calibration of the ICP-AES was achieved using nine well- ical criteria, members of each group could be distinguished using
characterized rock reference materials (RRMs) and a procedural only CaCQ and Ti/Al data. Organic-rich turbidite muds (i.e., exclud-
blank, selected to cover the range of elemental concentrations expect- ing basal sands and silts) have the lowest Gato@tents, typically

ed in samples. Data are reported as weight percent oxides for Si, Ti, 45%-55% (a notable exception is turbidig with 18%-32%
Al, Fe, Mg Na, K, and P, and as pg/g (parts per million) for Ba, CrCaCQ), and low but constant Ti/Al ratios of ~0.05. Volcanic turbid-
Sr, and Zr. Calcium data are also presented as ¢aCe the bulk  ite muds have intermediate carbonate contents, generally 55%—65%,
of the Ca present occurs in the carbonate fraction. and high but variable Ti/Al ratios of 0.68.5, while calcareous tur-
Analytical precision, reproducibility, and accuracy were deter-bidite muds were defined as having >75% CaG@Dd yielded mar-
mined by replicate analyses of multiple digestions of four differenginally higher Ti/Al ratios than the organic-rich group, with values
RRMs (Table 1) analyzed on a routine basis with each batch of ur0.06.
knowns. Assessments were based on preparations and determinationsThe above criteria have been applied to turbidite geochemical
made on a number of different days, over a period of 1 yr. Long-terrdata obtained from Site 950 (Table 2). Carbonate contents and Ti/Al
reproducibility was generally better than 2% (with a short-term preratios have been plotted against a detailed lithologic log for the inter-
cision of 0.5% to 1%) for all elements present at or above shale-likeal 0-325 mbsf (Fig. 2), to illustrate relationships between sediment
concentrations, deteriorating to ~10% for elements at low concentréype, bedding characteristics and geochemical composition. A num-
tions in limestones. With reference to published data (Table 1), accber of simplifications have been made in the construction of Figure
racy is considered generally to lie within the range of the reproduc. First, only turbidites are shown; pelagic sediments have been omit-
ibility. ted for clarity, so beds are defined by the base of each turbidite. Sec-
Data have been presented as absolute concentrations and as valredly, the geochemical profiles assume constant or little composi-
normalized to Al, the latter being used to exclude the masking affect®nal variation within beds. This has been demonstrated to be the
of high but variable CaC@ontents in samples. The rationale for this case in the Quaternary of the MAP by Jarvis and Higgs, (1987), De
procedure is that biogenic Cagi®relatively pure and free from oth- Lange et al. (1987, 1989), and Pearce and Jarvis (1992a, 1995). The
er elements (Mg and Sr excepted), so differences in the bulk chemigalidity of the approach is confirmed by the close geochemical simi-
try of the noncarbonate fraction are emphasized by relating values karity of multiple samples from most beds (Fig. 2; Table 2); data are
the Al contents of samples. In the absence of any evidence for poreemmonly within analytical error. Exceptions are generally confined
water advection, significant import or export of Al ions is consideredo the lower parts of what must be subtly graded beds. Where possi-
unlikely for sediments of 50%—60% porosity buried to <400 m. ble, only unoxidized sediments from below fossil redox fronts were
sampled from Site 950, so the geochemical profiles in Figure 2 reflect
primary compositional variation within the sequence. Postdeposi-
RESULTSAND DISCUSSION tional oxidation of organic matter in the bleached tops of organic-rich
Chemostratigraphy turbidites leads to the dissolution of carbonate, producing character-
istically stepped profiles for CaG@Jarvis and Higgs, 1987; Thom-
De Lange et al. (1987, 1989), Pearce (1991), and Pearce ardn et al., Chap. 32, this volume); these tops are not represented in
Jarvis (1995) demonstrated that, although their three major turbiditeur data.

Table 1. Results obtained for rock reference materials used to assess analytical data quality.

Material Element Mean SD Reference Material Mean SD Reference
MAG-1 marine mud* NIST 88b dolomitic limestohe
Major element (wt%)
SO, 50.6 0.3 50.36 114 0.13 113
TiO, 0.756 0.005 0.751 0.0180 0.0023 0.016
Al,O4 16.3 0.1 16.37 0.369 0.031 0.36
Fe,0O3 6.87 0.05 6.80 0.293 0.018 0.28
MnO 0.0981 0.0009 0.098 0.0153 0.0004 0.016
MgO 3.06 0.03 3.00 21.3 0.2 21.03
Ca0 154 0.07 137 30.1 0.2 30.12
Na,O 3.84 0.04 3.83 0.04 0.03 0.03
K,0 3.55 0.06 3.55 0.11 0.02 0.10
Trace elements (Lg/g)
Ba 479 3 479 <10 4 ND
Cr 95 2 97 22 5 ND
Sr 147 1 146 63 1 64
Zr 128 2 126 17 4 ND
SCo-1 Cody Shale* CCH-1 limestone**
Major element (wt%)
SO, 62.7 0.8 62.78 0.92 0.17 0.97
TiO, 0.621 0.009 0.628 0.0161 0.0034 0.017
Al,O4 137 0.2 13.67 0.314 0.055 0.3
Fe,0O3 5.06 0.07 514 0.180 0.021 0.17
MnO 0.0512 0.0005 0.053 0.0058 0.0005 0.007
MgO 2.72 0.04 2.72 2.81 0.03 291
Ca0 2.66 0.05 2.62 51.4 05 52.12
Na,O 0.92 0.03 0.90 0.05 0.04 0.048
K,0 2.77 0.02 2.77 0.07 0.01 0.082
Trace elements (Lg/g)
Ba 566 5 570 <10 4 6.6
Cr 72 1 68 20 5 74
Sr 172 3 174 282 3 284
Zr 169 3 160 16 4 8

Notes: Originators: * = U.S. Geological Survey; T = National Institute of Standards and Technology, U.S.A.; ** = University of Liége, Belgium. Reference values from Govindaraju
(1994); number of determinations = 14; SD = standard deviation {otal iron expressed asj©g. ND = no data available.
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Table 2. Geochemical composition of turbidites, Site 950.

Major elements (Wt%) Trace elements (Lg/Q)
Core, section, Depth ! ’ CaCo. ]
interval (cm) (meg o) SO, TiO, Al,04 Fe,04 MnO MgO CaO Na,0O K,0O Ba Cr Sr Zr (W% )3 Ti/Al Group Color
157-950A-

1H-2, 63-65 2.03 20.7 0.908 6.75 3.90 0.110 2.20 30.8 2.78 1.15 332 57 1150 124 55.0 0.152 v
1H-2, 101-103 241 20.5 0.873 6.71 3.82 0.115 2.17 311 2.93 1.19 343 40 1160 120 55.4 0.147 v
1H-2, 136-138 2.76 19.9 0.654 6.60 3.40 0.105 191 322 2.53 117 289 44 1150 104 575 0.112 v Gray - b
1H-3, 18-20 3.08 16.6 0.308 5.45 2.15 0.0737 1.28 36.1 217 1.00 240 47 1160 81 64.3 0.0641 0 Pale green-c
1H-3, 113-115 4.03 29.4 0540 103 371 0.0683 2.81 225 217 2.08 408 86 780 98 40.1 0.0595 o Green-d
1H-4, 130-132 5.70 218 0.433 7.56 2.76 0.0621 2.06 30.1 242 1.58 476 49 1120 83 537 0.0648 o
1H-5, 64-66 6.54 221 0.441 7.38 2.77 0.0618 2.02 295 2.09 144 474 48 1100 87 52.7 0.0676 0
1H-6, 63-65 8.03 226 0.453 7.31 2.77 0.0653 2.04 29.6 2.35 1.49 442 45 1090 90 52.8 0.0703 0 Green-e
2H-1, 79-81 9.60 24.4 0.366 7.32 2.66 0.0471 172 271 2.04 117 582 60 993 79 484 0.0567 0
2H-2, 79-81 11.01 26.2 0.384 7.51 2.78 0.0501 178 274 212 124 563 72 1020 91 49.0 0.0579 0
2H-3, 79-81 12.49 257 0.374 7.33 2.80 0.0508 1.76 27.3 2.20 122 559 72 990 90 48.6 0.0578 0 Green - f
2H-4, 98-100 14.19 18.1 0.617 6.03 2.90 0.0949 1.63 34.0 2.84 112 306 36 1240 149 60.7 0.116 v
2H-5, 104-106 15.75 18.2 0.619 6.15 2.82 0.112 1.58 34.1 2.37 117 308 43 1240 150 60.9 0.114 v Gray - g
2H-6, 78-80 16.98 252 0.429 8.26 3.02 0.0630 1.92 27.0 1.74 1.38 442 69 990 94 48.2 0.0588 0
2H-6, 89-91 17.09 253 0.434 8.31 3.05 0.0633 194 272 1.79 134 430 74 993 98 48.6 0.0592 0
2H-6, 96-98 17.16 24.9 0.432 8.40 3.05 0.0637 1.90 27.0 1.79 143 421 94 978 98 48.2 0.0583 0 Green- h
2H-7,4-6 17.73 6.08  0.110 2.05 0.887 0.125 0.628 47.7 1.39 0.34 172 15 1490 31 85.1 0.0609 c
2H-7,11-13 17.80 541 00975 1.83 0.794 0.119 0.651 48.1 1.88 0.41 199 24 1520 24 85.9 0.0604 c White-
2H-7, 35-37 18.04 29.2 0515 116 3.95 0.0482 1.92 217 1.75 164 662 11 842 94 38.8 0.0503 0
2H-CC, 10-12 18.17 251 0455 10.1 3.54 0.0534 1.70 24.6 1.89 135 550 90 933 86 43.9 0.0509 0 Green - k
3H-1, 40-42 18.81 238 0.410 8.67 3.35 0.0797 2.25 29.1 1.49 1.90 273 75 1030 66 52.0 0.0536 0 Green- 11
3H-1, 98-100 19.39 257 0.466 9.59 3.59 0.0783 2.39 26.8 143 2.18 273 60 948 78 47.9 0.0551 0 Green- 13
3H-3, 23-25 20.43 16.2 0.629 554 2.99 0.113 1.65 34.9 2.28 1.05 348 47 1260 90 62.3 0.129 v
3H-3, 50-52 20.70 16.2 0.575 5.60 2.87 0.108 1.62 35.2 2.20 1.08 359 25 1260 84 62.8 0.116 v Gray - n
3H-4, 25-27 21.79 17.8 0.639 5.90 3.10 0.104 1.56 34.8 218 1.09 351 32 1270 123 62.1 0.123 v
3H-4, 74-76 22.28 18.7 0.654 5.89 3.64 0.110 171 332 2.56 113 348 52 1220 129 59.2 0.126 v
3H-5, 12-14 23.15 17.3 0.629 5.85 2.70 0.121 1.58 34.9 2.34 1.09 323 33 1270 118 62.3 0.122 v Gray - 0
3H-6, 32-34 24.85 16.9 0.755 5.67 3.05 0.126 181 35.6 2.65 0.99 335 49 1310 99 63.6 0.151 v
3H-6, 70-72 25.23 16.3 0.698 5.47 291 0.110 171 35.6 2.40 0.90 321 36 1320 95 63.6 0.145 v Gray - p
3H-7, 42-44 26.45 9.08 0.168 2.90 1.30 0.0633 0.767 45.0 1.40 0.64 197 3 1430 47 80.4 0.0659 c White- g
3H-7, 140-142 27.43 508  0.100 1.62 0.70 0.0792 0.566 48.1 1.20 0.33 132 2 1430 34 85.9 0.0700 c White-r
3H-CC, 20-22 27.72 25.6 0.466 8.44 3.18 0.0841 242 28.1 173 191 629 54 973 92 50.2 0.0625 0
4H-1, 18-20 28.09 229 0.420 7.56 3.05 0.0582 2.25 28.7 1.93 1.50 615 48 1100 85 51.3 0.0629 o} Green- s
4H-1, 77-79 28.66 285 0512 10.6 3.44 0.0548 272 232 152 2.48 465 69 792 87 41.3 0.0547 0 Green - sl
4H-1, 97-99 28.85 755 0131 2.30 0.799  0.0959 0.656 46.8 1.30 0.44 216 19 1480 35 83.6 0.0643 c White - s2
4H-1, 142-144 29.29 26.4 0.370 6.90 2.63 0.0481 1.92 276 1.86 131 630 51 949 92 49.3 0.0607 o
4H-2, 21-23 29.57 26.1 0.359 6.74 2.49 0.0476 1.85 273 1.90 119 601 60 943 89 48.7 0.0603 0
4H-2, 80-82 30.15 26.3 0.365 6.70 2.56 0.0525 1.85 29.0 191 122 552 62 991 96 51.8 0.0618 0 Green -t
4H-3, 26-28 31.08 285 0.412 8.26 3.10 0.0491 1.95 245 1.86 132 653 74 879 82 438 0.0565 0
4H-3, 66-68 31.47 29.3 0.420 8.22 3.03 0.0515 1.94 24.6 1.92 131 615 76 882 93 438 0.0579 0 Green-u
4H-3, 147-149 32.26 24.1 0.323 6.60 249 0.0611 1.69 29.9 197 1.22 739 56 1090 66 534 0.0555 o Green
4H-4, 66-68 32.94 910 0157 2.80 1.03 0.0879 0.759 45.0 1.39 0.52 195 18 1480 40 80.3 0.0635 c White
4H-4, 112-114 33.39 24.8 0.346 6.94 2.59 0.0567 172 28.1 1.90 1.20 713 54 1030 75 50.2 0.0565 0
4H-5, 50-52 34.25 253 0.353 7.04 2.65 0.0572 172 28.0 1.88 125 719 65 1010 69 50.0 0.0568 0
4H-5, 122-124 34.95 25.0 0.356 7.10 3.44 0.0587 1.73 28.1 177 1.23 685 66 1010 80 50.2 0.0569 o Green
4H-6, 81-83 36.01 26.8 0.511 9.03 3.80 0.0729 241 25.2 1.79 1.97 792 66 937 97 45.0 0.0642 0 Gray
4H-6, 129-131 36.48 327 0535 114 4.84 0.0607 2.78 19.7 155 241 537 92 666 86 35.1 0.0532 o Gray
4H-7, 18-20 36.86 459  0.088 158 0.603  0.0803 0.474 49.9 1.05 0.32 159 29 1620 30 89.0 0.0632 c
4H-7, 39-41 37.06 475 0.0908 1.62 0.648  0.0795 0.519 48.3 131 0.36 149 28 1580 29 86.2 0.0636 c White
5H-1, 21-23 37.62 18.9 0.680 6.21 3.16 0.105 177 335 2.56 1.20 335 39 1290 151 59.7 0.124 v
5H-1, 55-57 37.95 20.2 0.713 6.44 3.50 0.115 1.89 316 2.70 117 330 43 1250 152 56.3 0.126 v
5H-1, 76-78 38.15 18.7 0.626 5.85 3.48 0.107 1.85 317 281 110 307 40 1240 132 56.6 0.121 v Gray
5H-1, 142-144 38.80 259 0.489 9.20 3.30 0.0606 2.34 26.1 161 1.88 425 71 951 93 46.6 0.0602 o
5H-2, 8-10 38.96 252 0.480 8.99 3.27 0.0600 2.36 25.6 2.03 181 421 66 943 97 458 0.0605 0
5H-2, 47-49 39.34 252 0.481 8.91 3.23 0.0613 2.32 255 1.82 178 405 69 937 97 45.6 0.0611 0 Pale green
5H-3, 39-41 40.72 175 0.844 5.57 3.55 0.106 1.94 34.7 2.06 0.89 248 54 1290 104 61.9 0.172 v
5H-3, 117-119 41.49 175 0.834 5.49 3.65 0.101 2.03 334 2.72 091 242 58 1240 103 59.6 0.172 v
5H-4, 41-43 42.20 18.6 0.830 5.70 381 0.0995 2.04 329 2.33 0.94 238 57 1230 106 58.6 0.165 v Gray
5H-4, 142-144 43.19 950 0172 3.09 125 0.0815 0.759 44.2 1.05 0.55 130 22 1440 45 78.8 0.0629 c White
5H-5, 72-74 43.97 251 0.515 8.68 3.15 0.0523 231 26.8 172 184 487 70 1000 93 47.9 0.0673 0
5H-6, 67-69 45.39 254 0.520 8.55 3.10 0.0587 2.29 27.0 1.94 1.70 466 76 1030 98 48.2 0.0689 0
5H-7, 54-56 46.73 26.4 0.543 8.14 3.05 0.0568 2.27 26.7 1.82 1.59 459 67 970 110 47.7 0.0756 0 Green
6H-1, 95-97 47.84 29.5 0530 111 3.75 0.0513 274 232 1.51 2.48 436 89 822 92 41.4 0.0541 o} Green
6H-2, 23-25 48.21 159 0.493 5.31 2.58 0.0794 157 355 231 0.99 176 51 1250 71 63.4 0.105 v Gray
6H-2, 84-86 48.80 282 0.474 9.26 3.63 0.0404 2.22 228 243 154 551 81 873 97 40.6 0.0580 0
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Table 2 (continued).

Major elements (Wt%) Trace elements (Lg/g)

Core, section, Depth . - CaCo. .

interval (cm) (mel? o) SO, TiO, Al,O3 Fe,05 MnO MgO Ca0 Na,0O K,O Ba Cr Sr Zr (W% )3 Ti/Al Group Color
6H-3, 8-10 49.60 29.2 0.484 9.45 3.68 0.0442 2.06 235 159 1.59 566 84 892 104 41.9 0.0580 0
6H-3, 53-55 50.04 29.2 0.483 9.39 3.70 0.0431 2.08 233 157 1.70 571 7 881 105 415 0.0583 0 Green
6H-4, 29-31 51.27 222 0.388 7.89 2.73 0.0569 2.05 283 144 173 394 66 1030 73 50.4 0.0558 0
6H-4, 97-99 51.94 231 0.404 8.04 2.86 0.0562 217 29.1 1.63 177 406 60 1040 76 51.9 0.0569 o Gray
6H-5, 91-93 53.35 19.7 0.481 7.08 2.70 0.0611 2.09 332 1.46 147 393 74 1240 88 59.2 0.0769 o Pale green
6H-6, 19-21 54.12 443 00741 154 0460 0.0684 0.461 48.7 151 0.36 115 14 1620 27 86.9 0.0546 c White
6H-6, 59-61 54.51 316 0554 11.7 451 0.0509 2.89 20.7 174 2.99 403 84 752 93 36.9 0.0537 0 Gray
6H-6, 76-78 54.67 115 0.203 3.79 142 0.0487 0.901 42.9 131 0.74 88 37 1420 57 76.6 0.0608 c White
6H-CC, 13-15 55.52 456 00842 148 0.583  0.0630 0.471 49.0 0.91 0.31 124 35 1560 31 87.5 0.0643 c
6H-CC, 42-44 55.80 361 00725 124 0.538  0.0645 0.395 50.5 0.66 0.23 121 19 1640 24 90.0 0.0662 c White
6H-CC, 95-96 56.28 2865 0497 9.98 3.61 0.0380 2.01 238 1.88 151 583 103 921 103 425 0.0565 o}
7TH-1, 22-24 56.63 2800 0471 9.51 3.88 0.0408 1.88 231 1.66 1.50 581 94 887 101 413 0.0561 0
7H-1, 37-39 56.78 28.00 0477 9.60 3.52 0.0434 1.89 24.6 150 1.45 580 100 937 102 44.0 0.0563 0 Green
7H-1, 98-100 57.39 29.1 0497 103 391 0.0674 271 243 137 2.45 387 82 871 83 434 0.0548 0
7H-1, 108-110 57.49 27.8 0.477 9.84 3.76 0.0564 2.56 238 133 2.25 370 71 843 84 424 0.0549 o Gray
7H-1, 128-130 57.69 585  0.110 2.00 0.809 0.0631 0.577 485 1.05 0.40 81 18 1560 29 86.5 0.0623 c White
7H-2, 67-69 58.58 26.5 0.477 9.78 3.38 0.0464 2.56 257 1.38 242 365 7 919 83 459 0.0553 0  Green
7H-3, 63-65 60.04 141 0.229 4.60 170 0.0688 1.10 39.9 1.26 0.82 354 46 1470 58 712 0.0563 0
7H-4, 62-64 61.53 154 0.240 4.66 172 0.0620 114 36.3 153 0.89 389 41 1300 64 64.8 0.0583 0
7H-5, 90-92 63.12 153 0.241 4.76 174 0.0657 115 385 133 0.89 371 45 1380 62 68.8 0.0575 0
7H-6, 52-54 64.23 16.2 0.247 4.96 1.85 0.0615 113 36.6 124 0.96 432 46 1310 67 65.4 0.0566 0 Gray
TH-7, 42-44 65.45 231 0.438 8.38 3.01 0.0475 211 30.1 134 1.77 413 77 1150 90 53.8 0.0593 0
7H-7, 60-62 65.57 224 0.429 8.16 2.95 0.0461 2.04 29.8 134 171 392 72 1120 88 532 0.0596 o Green
8H-1, 107-109 66.58 218 0.436 7.67 3.22 0.0673 1.95 313 132 1.68 460 65 1180 106 55.8 0.0644 o Gray
8H-2, 81-83 67.80 16.7 0.718 5.36 3.09 0.0740 1.67 35.6 214 1.05 215 65 1320 93 63.6 0.152 v
8H-2, 140-142 68.39 157 0.615 5.17 2.77 0.0754 153 36.2 174 1.08 198 54 1320 81 64.6 0.135 v Gray
8H-3, 122-124 69.71 16.3 0.722 5.35 2.89 0.0724 1.69 34.8 1.88 1.04 233 66 1300 78 62.1 0.153 v Gray
8H-4, 114-116 71.13 25.0 0.461 8.63 293 0.0550 241 28.4 1.39 1.86 401 75 1070 96 50.6 0.0605 0
8H-5, 88-90 72.36 259 0.469 8.35 291 0.0545 241 27.6 1.32 1.76 392 78 1020 108 493 0.0636 o
8H-6, 58-60 73.56 253 0.454 7.97 2.75 0.0463 2.30 273 135 1.69 386 68 993 109 48.6 0.0646 0 Green
8H-7, 36-38 74.87 175 0.276 5.86 2.25 0.0422 1.50 354 137 1.02 536 61 1340 61 63.2 0.0534 0
8H-CC, 3-5 75.15 17.8 0.276 5.83 2.26 0.0458 147 36.7 1.29 1.04 494 66 1390 62 65.5 0.0536 o
9H-1, 6-8 75.47 16.5 0.258 5.48 211 0.0458 1.40 35.9 1.36 1.00 456 57 1320 59 64.0 0.0534 o} Green
9H-1, 72-74 76.12 27.3 0.493 10.0 3.75 0.0607 2.75 24.8 1.29 245 320 90 899 87 44.3 0.0556 0 Gray
9H-1, 117-119 76.56 343 0.0673 112 0.458  0.0592 0.457 50.7 1.06 021 86 22 1680 21 90.5 0.0679 c White
9H-2, 39-41 77.26 14.4 0.538 473 2.36 0.0579 1.36 37.8 178 0.96 194 54 1370 86 67.5 0.129 v
9H-2, 62-64 77.49 12.7 0.487 429 211 0.0625 124 39.7 175 0.85 204 34 1470 73 70.8 0.129 v Gray
9H-2, 126-128 78.12 29.1 0497 103 3.82 0.0561 2.84 236 123 252 342 75 830 85 42.1 0.0546 o Gray
9H-3, 26-28 78.61 498 0.0898 1.68 0.719  0.0503 0.507 494 0.98 0.33 62 12 1570 27 88.1 0.0606 c White
9H-3, 112-114 79.45 413 00819 1.38 0.618  0.0827 0.464 50.9 1.01 0.29 112 15 1720 28 90.8 0.0675 c White
9H-4, 18-20 80.00 184 0.890 5.52 3.93 0.0890 194 34.0 204 0.99 188 90 1300 101 60.8 0.183 v
9H-4, 95-97 80.75 17.9 0.911 5.54 3.75 0.109 1.93 31.0 2.05 1.00 186 91 1200 96 55.3 0.186 v
9H-5, 57-59 81.85 17.8 0.887 5.87 3.23 0.141 1.82 325 197 1.07 186 87 1270 96 58.1 0.171 v Gray
9H-5, 121-123 82.48 28.0 0.504 104 3.69 0.0563 2.80 24.1 124 2.30 323 75 864 86 43.1 0.0550 o
9H-5, 139-141 82.65 28.4 0508 104 3.76 0.0561 2.83 238 1.26 2.50 335 76 846 79 424 0.0555 o Pale green
9H-6, 66-68 83.41 477 00828 156 0.654  0.0841 0.505 49.2 104 0.33 136 15 1720 29 87.8 0.0600 c White
9H-6, 119-121 83.93 29.7 0.485 9.79 3.87 0.0369 2.13 23.0 141 1.69 747 94 872 103 411 0.0561 0
9H-6, 133-135 84.06 29.3 0.481 9.76 4.09 0.0385 212 22.8 147 1.76 759 80 848 96 40.5 0.0558 o Dark green
9H-7, 14-16 84.37 253 0.479 9.66 331 0.0489 2.55 23.0 1.08 2.30 278 71 812 79 41.0 0.0562 0 Green
9H-7, 40-42 84.62 26.2 0.423 8.73 3.49 0.0419 181 24.8 1.26 144 561 81 917 90 44.3 0.0549 o
9H-CC, 8-10 84.82 26.3 0.430 8.79 3.62 0.0461 1.82 25.7 1.33 1.50 582 82 951 95 458 0.0554 o]
10H-1, 89-91 85.80 26.3 0.430 8.61 3.54 0.0541 179 26.8 1.42 1.46 553 72 979 100 47.9 0.0566 0 Dark green
10H-2, 42-44 86.83 273 0504 101 3.45 0.0555 2.64 25.1 1.45 2.17 379 77 970 94 44.8 0.0565 0
10H-2, 78-80 87.19 217 0.512 9.71 3.54 0.0551 2.57 24.8 1.23 2.04 359 71 912 100 443 0.0597 0 Green
10H-4, 21-23 88.27 828  0.183 3.00 124 0.115 0.785 44.4 0.98 0.64 172 25 1510 38 79.3 0.0693 c White
10H-4, 79-81 88.85 16.0 0.709 537 2.87 0.0911 147 36.5 1.79 0.99 208 70 1360 85 65.1 0.150 v
10H-4, 105-107 89.11 16.0 0.686 5.37 2.89 0.0955 147 37.2 1.93 1.01 202 64 1350 85 66.4 0.145 \Y
10H-4, 133-135 89.36 159 0.657 5.28 2.78 0.0959 1.46 36.8 1.98 1.02 204 69 1370 83 65.6 0.141 v Pale gray
10H-5, 138-140 90.91 249 0.468 9.26 3.12 0.0477 2.34 289 1.10 2.08 370 69 1080 85 51.6 0.0572 o
10H-6, 2-4 91.05 243 0.458 8.84 3.01 0.0479 2.27 28.8 115 1.86 340 63 1070 84 514 0.0587 o Pale green
10H-6, 58-60 91.61 272 0504 10.2 344 0.0455 2.72 25.7 1.33 2.23 319 7 918 84 45.9 0.0561 0 Green
10H-6, 100-102 92.03 16.8 0.361 5.97 248 0.0909 149 33.6 1.04 134 255 43 1190 74 60.0 0.0686 ¢}
10H-6, 121-123 92.24 17.6 0.388 6.20 271 0.0896 1.62 34.6 1.16 140 392 49 1250 79 61.7 0.0708 o] Gray
10H-7, 23-25 92.76 274 0522 103 3.60 0.0481 2.78 257 1.26 2.40 340 82 924 81 45.8 0.0573 0
10H-7, 32-34 92.85 26.6 0519 102 3.64 0.0502 2.75 25.7 117 2.40 344 83 925 78 45.9 0.0575 0 Green
10H-7, 81-83 93.34 24.7 0.471 9.04 3.18 0.0583 2.54 28.0 142 2.00 318 71 1030 83 49.9 0.0590 0
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Table 2 (continued).

o Major elements (Wt%) Trace elements (ug/g)

Core, section, Deptl ! ) CaCO. )

interval (cm) (meg o) SO, TiO, Al,04 Fe,04 MnO MgO CaO Na,0 K,O Ba Cr Sr Zr (wt%)3 Ti/Al Group Color
10H-7, 98-100 93.51 24.9 0.477 9.16 3.25 0.0605 2.55 28.0 1.45 2.08 330 65 1020 82 50.0  0.0590 o}

10H-7, 124-126 93.77 245 0.470 8.93 3.18 0.0602 2.50 275 1.20 191 323 68 1010 82 49.1 0.0596 o Green
11H-1, 43-45 94.83 25.2 0.479 8.56 3.13 0.0623 251 28.1 131 1.86 304 70 1020 90 50.1 0.0634 o}

11H-1, 112-114 95.51 254 0.481 8.22 3.03 0.0643 244 28.6 1.25 172 307 66 1020 94 51.0  0.0663 o}

11H-2, 55-57 96.42 25.7 0.464 7.82 2.96 0.0613 2.29 28.0 122 1.82 287 56 970 102 49.9 0.0672 o] Green
11H-3, 30-32 97.65 271 0.0534  0.986 0430 0.0647 0.397 515 0.97 0.17 68 15 1700 19 92.0 0.0614 c

11H-3, 60-62 97.95 277 00519 0.958 0.420 0.0577 0.376 50.8 0.89 0.17 62 13 1710 18 90.6 0.0614 c White
11H-4, 11-13 98.94 27.2 0544 100 3.62 0.0408 2.68 251 1.22 2.37 320 72 885 90 44.8 0.0616 o} Green
11H-4, 70-72 99.52 292 00870 1.04 0506 0.0791 0.390 51.9 0.88 0.23 74 18 1670 23 92.6 0.0952 c

11H-4, 90-92 99.71 309 0.0938 1.08 0511 0.0849 0.383 51.0 0.85 021 75 16 1620 21 91.0  0.0985 c White
11H-5, 8-10 100.38 19.1 0.449 6.98 2.58 0.0515 1.95 334 1.10 1.50 370 57 1310 74 59.5 0.0728 (o] Green
11H-5, 61-63 100.90 29.6 0.546 109 393 0.0435 3.00 222 1.19 2.62 331 7 824 93 39.6 0.0567 o]

11H-5, 75-77 101.05 29.3 0548 11.0 3.98 0.0454  3.03 223 117 2.52 323 73 843 93 39.8 0.0567 (o] Green
11H-6, 15-17 101.90 16.8 0.853 571 3.14 0.102 1.67 35.1 1.82 1.08 185 101 1340 90 62.6 0.169 v

11H-6, 50-52 102.24 16.7 0.825 554 3.18 0.103 1.68 353 1.85 1.02 169 80 1330 86 62.9 0.169 v Gray
11H-6, 121-123 102.94 251 0.476 9.21 324 0.0484 2.66 26.6 1.07 212 324 69 934 77 475 0.0585 o Green
11H-7, 29-31 103.51 30.2 0548 111 3.85 0.0403 3.00 220 1.27 2.50 307 83 847 99 39.2 0.056 o] Green
11H-CC, 4-6 103.85 26.0 0.480 9.85 345 0.0452 2.56 259 122 219 350 65 973 83 46.2 0.0552 o] Green
12H-1, 120-122 105.07 274 0.502 9.58 345 0.0466 2,67 255 111 2.10 336 79 962 90 454 0.0594 [}

12H-2, 19-21 105.54 26.3 0.481 9.05 3.40 0.0450  2.56 26.4 1.13 1.99 318 75 976 90 47.0  0.0602 o Green
12H-2, 58-60 105.92 24.7 0.427 9.05 331 0.0899 2.86 28.0 1.01 212 293 64 947 73 500  0.0535 o} Gray
12H-2, 104-106 106.37 20.8 0.457 7.32 3.02 0.0761 2.03 321 1.20 1.66 413 50 1150 101 57.3 0.0708 [o] Gra
12H-3, 60-62 107.40 247 0.457 9.08 3.38 0.0522 257 278 1.15 2.00 333 71 1030 80 49.7 0.0571 o]

12H-3, 119-121 107.97 242 0.447 9.05 3.05 0.0528 253 276 114 1.89 335 70 1020 78 49.2 0.0560 o]

12H-4, 30-32 108.56 249 0.457 9.21 315 0.0573 2.59 279 1.13 2.04 334 78 1040 80 49.7 0.0562 o]

12H-4, 96-98 109.20 26.1 0.471 8.09 3.10 0.0657 2.49 27.8 1.18 191 312 58 956 96 49.7 0.0660 o

12H-5, 26-28 109.98 275 0.473 7.40 2.68 0.0642 2.32 27.2 1.20 177 302 47 904 105 485 00724 o Green
12H-5, 90-92 110.60 2715 0.493 9.82 3.58 0.0506 2.87 24.6 1.16 2.38 347 75 877 80 43.9 0.0569 o]

12H-5, 110-112 110.79 28.3 0.501 9.85 3.37 0.0501 2.90 249 114 237 357 80 881 88 445 0.0576 o] Green
12H-6, 27-29 111.44 313 0577 114 3.89 0.0397 3.03 211 117 2.50 390 95 783 102 37.6 0.0576 o] Green
12H-6,100-102  112.15 449  0.0939 157 0632 0.0704 0530 50.6 0.86 0.29 62 20 1610 24 90.3 0.0677 c

12H-7, 30-32 112.93 559  0.115 1.96 0.737  0.0637 0.593 49.2 0.89 0.36 67 22 1540 28 879  0.0663 c White
13H-1, 88-90 114.19 30.5 0497 103 3.84 0.0314 201 224 1.34 1.59 464 110 878 113 400  0.0547 o

13H-2, 49-51 115.30 30.1 0487 101 3.67 0.0315 1.98 223 1.34 1.60 461 98 862 111 39.7 0.0547 o]

13H-2,138-140  116.19 30.0 0.480 9.90 3.56 0.0329 1.93 237 1.28 154 480 99 909 111 42.2 0.0550 o

13H-3, 81-83 117.12 29.6 0.465 9.46 3.60 0.0389 1.85 253 1.27 152 471 99 945 115 451 0.0556 o] Green
13H-4, 4-6 117.85 30.9 0549 11.3 3.78 0.0584  2.98 221 117 251 322 89 821 112 394  0.0551 o Green
13H-4, 52-54 118.33 219 1.24 7.34 4.10 0.0964  2.08 30.8 2.36 1.25 157 47 1210 138 550  0.191 v

13H-4,136-138  119.16 220 1.26 7.39 4.42 0.0809 217 28.7 2.39 117 163 54 1140 129 51.1 0.194 v Gray
13H-CC, 15-17 119.87 20.6 0.384 741 251 0.0508 1.87 331 1.04 1.60 338 59 1207 67 59.0 0.0588 [o] Green
14H-1, 32-34 123.23 27.0 0.494 9.99 3.79 0.0494 2.63 244 111 2.20 308 67 897 82 435 0.0560 o]

14H-1, 75-77 123.66 28.6 0.517 103 384 0.0497 272 247 112 222 293 74 911 85 441 0.0570 o]

14H-1, 140-142 12431 264 0.482 9.38 3.26 0.0557 252 275 112 1.98 273 65 997 84 49.1 0.0582 o Green
14H-2, 59-61 125.00 257 0.459 9.26 3.30 0.0503 275 284 1.07 215 307 74 1030 72 50.7 0.0562 o Green
14H-2,137-139  125.78 28.0 0.516 9.85 3.78 0.0494  2.69 26.2 113 213 321 75 972 93 46.7 0.0594 o

14H-3, 77-79 126.68 276 0.505 9.42 3.50 0.0507 2.60 255 1.06 222 308 61 914 83 454 0.0608 o]

14H-4, 10-12 127.51 26.6 0.476 8.80 319 0.0562 244 28.3 111 2.01 280 72 1020 96 50.5 0.0613 o] Green
14H-4, 58-60 127.99 158 0.939 5.46 3.52 0.0942 164 35.7 2.07 0.93 117 38 1350 89 63.6  0.195 v

14H-4, 90-92 128.31 16.6 0.965 5.62 371 0.0978 171 36.7 2.06 091 114 50 1400 103 655  0.195 v Gray
14H-5, 15-17 129.06 14.6 0.721 5.04 2.59 0.0920 1.28 38.8 1.73 1.02 195 32 1410 119 69.2 0.162 \

14H-6, 7-9 130.48 15.0 0.782 5.26 261 0.104 1.26 37.6 1.71 1.06 199 28 1380 126 67.1 0.169 v

14H-6, 134-136 131.73 154 0.716 522 249 0.105 121 37.9 1.67 1.01 194 51 1420 119 67.7 0.156 Y Gray
15H-1, 7-9 132.48 221 0.356 7.56 3.56 0.0457 1.46 312 1.15 1.28 423 87 1170 79 55.7 0.0534 [}

15H-1, 50-52 132.91 219 0.352 7.51 311 0.0478 142 314 1.13 1.33 413 83 1170 77 56.1 0.0531 o]

15H-1, 88-90 133.29 213 0.347 7.35 271 0.0498 1.39 313 1.12 1.18 431 70 1150 75 558  0.0535 o} Green
15H-1, 130-132 133.71 26.0 0516 10.1 345 0.0659 2.84 25.6 112 2.34 279 100 922 85 45.7 0.0581 [o] Green
15H-2, 54-55 134.44 45.3 0.943 204 6.53 0.0445 1.70 4.48 1.36 222 417 150 269 165 8.00 0.0523 o]

15H-2, 58-59 134.48 445 0.933 200 6.51 0.0450 1.66 4.34 1.34 2.16 409 142 264 159 7.74 0.0528 o]

15H-2, 69-70 134.59 45.7 0955 205 6.77 0.0462 1.69 434 133 221 397 149 264 163 7.75  0.0529 0 Dark green
15H-2,120-122  135.11 413 00911 154 0.729  0.0869 0.454 50.3 0.88 0.30 32 19 1600 23 89.8 0.0671 c White
15H-3, 4-6 135.45 452 0115 1.52 0761 00924 0473 50.7 0.67 0.29 43 18 1590 24 90.5 0.0855 c White
15H-3, 62-64 136.03 259 0.485 9.12 3.26 0.0502 2.82 253 1.07 2.18 267 70 873 80 451 0.0603 (o]

15H-3, 70-72 136.11 258 0.488 9.34 3.26 0.0501 281 26.0 1.05 219 265 82 904 81 46.4 0.0592 o] Green
15H-4, 51-53 137.42 238 112 8.42 4.62 0.122 2.16 278 1.90 1.78 295 55 1100 151 49.5 0.151 \

15H-4, 62-64 137.53 235 1.09 8.35 4.61 0.131 2.16 29.0 1.88 1.76 292 56 1140 147 51.8 0.148 \ Gray
15H-4, 95-97 137.86 27.9 0528 106 3.63 0.0546 2.99 24.0 1.04 251 279 90 841 88 42.9 0.0567 0 Dark green
15H-5, 114-116 ~ 139.55 23.8 0.658 8.94 3.39 0.0918 2.02 29.2 134 191 281 60 1120 112 52.1 0.0835 v
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Table 2 (continued).

Major elements (Wt%) Trace elements (Lg/g)

Core, section, Depth . - CaCo. .

interval (cm) (meg o) SO, TiO, Al,O3 Fe,05 MnO MgO CaOo Na,O K,O Ba Cr Sr Zr (W% )3 Ti/Al Group Color
15H-5,118-120  139.59 24.3 0.675 8.74 3.33 0.0926 197 28.9 1.35 1.96 292 62 1080 116 51.6 0.0876 v Gray
15H-6, 34-36 140.25 245 0.454 9.11 3.27 0.0841 2.50 28.2 1.04 2.09 308 62 1030 75 50.3 0.0565 o}
15H-6, 67-69 140.58 24.2 0.441 8.88 3.22 0.0908 2.45 285 1.05 2.20 304 70 1010 74 50.8 0.0562 o} Gray/green
15H-6, 116-118  141.07 348 0.638 135 5.09 0.0390 212 16.1 1.30 1.92 482 132 670 119 28.8 0.0534 (o]
15H-CC, 9-11 141.23 34.8 0640 135 6.11 0.0396 213 16.2 1.32 1.95 491 129 675 119 289 0.0537 o
16H-1, 10-12 142.01 354 0632 130 4.90 0.0382 214 16.8 1.30 1.90 467 121 701 125 30.0 0.0551 o}
16H-1, 66-68 142.55 34.7 0604 123 5.97 0.0373 2.02 17.0 1.28 1.96 458 114 684 129 304 0.0556 o
16H-1,117-119  143.04 344 0600 122 451 0.0372 2.00 17.9 127 197 455 111 711 132 32.0 0.0557 o} Dark green
16H-2, 28-30 143.62 279 0528 10.3 3.76 0.0691 3.06 23.0 1.12 2.47 274 68 815 85 41.1 0.0583 o}
16H-2, 45-47 143.79 28.1 0532 104 3.86 0.0665 312 231 1.15 2.52 273 67 808 87 41.3 0.0582 o} Green
16H-2,102-104  144.32 28.3 0510 103 3.96 0.106 312 244 1.05 244 263 73 831 83 436 0.0563 o Gray
16H-3, 8-10 144.88 28.6 0530 109 3.74 0.0633 2.60 230 114 2.38 327 71 863 93 411 0.0551 o
16H-3, 68-70 145.46 28.3 0523 105 4.01 0.0639 2.53 22.7 1.10 2.35 308 74 830 94 405 0.0564 o}
16H-3,117-119  145.93 28.8 0533 103 371 0.0676 2.50 24.2 1.14 2.28 315 64 901 97 43.2 0.0584 o] Gray
16H-4, 6-8 146.31 46.3 0988 214 6.68 0.0387 171 3.93 1.30 222 358 173 247 171 7.02 0.0522 o]
16H-4, 29-31 146.53 44.6 0956 20.8 7.07 0.0344 1.64 3.77 1.29 2.18 356 164 239 164 6.73  0.0520 o}
16H-4, 46-48 146.69 46.1 0992 215 6.64 0.0385 1.68 4.09 1.28 221 359 170 251 173 729 0.0524 o Dark green
16H-4,117-119  147.38 524  0.126 1.87 0.824  0.0990 0.542 49.9 0.95 0.37 38 18 1460 34 89.1 0.0761 c
16H-5, 2-5 147.72 204 00725 0.714 0.388 0.0635 0.464 51.0 111 0.14 16 3 1060 20 91.0 0.115 c White
16H-5, 21-23 147.90 30.3 0577 118 4.46 0.0700 3.32 20.7 1.09 297 244 76 727 131 36.9 0.0555 o} Gray
16H-5, 87-89 148.54 19.3 0.907 6.54 3.42 0.102 152 31.0 1.98 1.46 262 19 1170 194 55.3 0.157 v
16H-5,117-119  148.83 19.7 0.914 6.79 3.33 0.113 1.58 328 2.05 1.50 261 20 1240 178 58.6 0.152 v Gray
16H-6, 2-4 149.17 30.8 0564 11.8 3.88 0.0684 2.86 214 1.09 2.66 311 85 771 99 383 0.0544 o Gray
16H-6, 60-62 149.73 204 0.384 7.73 2.63 0.0690 174 32.6 1.06 172 311 54 1170 74 58.2 0.0562 o
16H-6, 70-72 149.83 20.3 0.384 7.70 2.62 0.0744 177 322 1.03 1.60 301 46 1170 75 575 0.0565 o Gray
16H-6, 136-138  150.46 18.8 0.415 7.09 2.69 0.0858 1.90 333 1.09 1.58 260 51 1270 77 59.4 0.0663 o]
16H-7,71-73 151.20 19.3 0.444 6.92 2.65 0.103 1.84 34.2 1.09 1.62 263 48 1300 84 61.0 0.0727 o}
16H-CC, 11-13 151.33 18.6 0.433 6.71 2.60 0.104 181 333 1.09 145 249 52 1280 83 59.5 0.0731 o] Gray/green
17H-1, 48-50 151.59 304 0550 11.3 4.06 0.0554 2.93 21.2 1.16 251 315 84 772 100 37.8 0.0551 o
17H-1, 69-71 151.78 30.7 0564 11.3 411 0.0568 2.92 221 1.14 251 299 82 810 103 394 0.0564 o Green
17H-2, 50-52 152.06 23.0 0.426 8.63 3.09 0.0587 252 29.4 0.98 217 262 73 1010 70 52.4 0.0559 o}
17H-2, 63-65 152.17 24.6 0.459 8.81 3.32 0.0638 2.74 29.4 1.00 212 253 68 1020 80 52.4 0.0590 o} Green
17H-3, 26-28 152.65 297 0.0721 110 0570 0.115 0.367 50.8 0.79 0.21 32 20 1570 20 90.7 0.0744 c
17H-3, 35-37 152.73 354 00826 120 0.699 0.108 0.421 51.1 0.88 0.23 33 15 1610 24 91.2 0.0783 c White
17H-3,122-123  153.43 415 0.879 183 5.60 0.023 1.70 9.06 117 1.98 362 137 429 148 16.2 0.0544 o
17H-3,130-131  153.50 40.8 0.863 18.0 557 0.0233 1.67 8.97 117 1.93 355 135 425 145 16.0 0.0543 o
17H-3,138-139  153.57 41.4 0.873 182 5.69 0.0236 1.70 9.12 135 2.00 373 137 432 154 16.3 0.0542 o
17H-4, 14-16 153.78 44.1 0931 192 6.35 0.0256 1.79 8.27 1.33 211 378 168 415 165 14.8 0.0549 o} Dark green
17H-4, 60-62 154.15 274 0497 10.1 355 0.0542 2.72 25.0 1.08 222 290 78 916 93 44.7 0.0557 o}
17H-CC, 22-24 154.35 27.6 0.492 9.51 3.40 0.0559 272 24.3 1.06 213 287 83 857 97 434 0.0586 o] Green
18X-1, 111-113 154.65 28.1 0.503 9.59 3.97 0.0574 2.78 24.8 1.07 231 317 70 857 99 44.3 0.0594 o
18X-1,128-130  154.82 28.1 0.501 9.42 352 0.0585 2.79 251 1.16 2.19 297 65 861 101 44.8 0.0602 o Pale green
18X-1,143-145  154.97 154 0.283 5.83 197 0.0832 1.35 384 0.96 111 335 52 1360 58 68.6 0.0549 o Gray
18X-2, 47-49 155.50 28.1 0506 10.3 3.68 0.0589 2.86 24.0 1.07 2.50 306 73 838 95 42.8 0.0555 o}
18X-2, 94-96 155.97 27.6 0.496 9.88 4.64 0.0622 2.79 23.6 1.07 2.36 290 68 818 95 42.1 0.0569 o}
18X-2,118-120  156.21 28.0 0.503 9.89 3.49 0.0632 2,77 24.9 1.06 2.33 300 68 860 98 44.4 0.0576 o Green
18X-CC, 10-12 157.01 28.0 0520 103 352 0.0473 2.60 24.4 1.09 2.27 300 75 858 98 435 0.0571 o
18X-CC, 37-39 157.28 274 0.508 9.98 352 0.0486 2.57 24.4 1.06 2.30 288 68 849 96 435 0.0577 o Green
19X-1, 70-72 160.84 138 0.258 5.09 174 0.0585 1.20 40.0 0.93 0.99 245 40 1410 54 714 0.0573 o
19X-1, 87-89 161.01 153 0.279 4.99 1.76 0.0620 1.29 39.3 1.04 0.99 236 14 1320 68 70.1 0.0635 o} Pale green
19X-1,135-137  161.49 8.69 0.321 3.15 1.39 0.0822 0.90 451 1.15 0.68 136 27 1560 59 80.5 0.115 c
19X-2, 15-17 161.72 8.79 0.330 323 131 0.0849 0.89 4.7 1.26 0.71 140 22 1560 55 79.8 0.116 c
19X-2, 40-42 161.97 9.43 0.362 3.45 1.36 0.0838 0.94 44.1 1.40 0.74 142 24 1550 55 78.8 0.119 c Gray
19X-2, 66-68 162.23 274 0503 10.3 3.73 0.0799 3.58 24.2 1.02 2.58 246 75 805 88 43.2 0.0554 o Gray
19X-2,103-105  162.60 3.13 0.0875 1.07 0.491 0.0754 0.394 51.2 0.80 0.26 46 9 1410 22 91.4 0.0923 c White
19X-2,141-143  162.98 3.02 0.0647 1.06 0.460 0.0767 0.384 51.7 0.80 0.25 43 8 1560 21 92.2 0.0689 c White
19X-3, 38-40 163.45 344  0.0855 118 0511  0.0685 0.412 50.9 0.80 0.27 46 7 1510 20 90.8 0.0823 c White
19X-3,118-120  164.25 23.8 0.437 8.63 3.08 0.0551 2.66 28.7 1.08 191 268 57 1010 84 51.3 0.0574 o
19X-4, 39-41 164.96 24.3 0.440 8.44 3.06 0.0591 2.76 279 1.07 1.88 261 53 964 87 49.8 0.0591 o
19X-4,127-129  165.84 26.7 0.461 7.60 2.81 0.0732 2.80 28.2 127 171 253 49 919 106 50.4 0.0688 o Green
19X-5, 27-29 166.34 314 0564 11.1 478 0.0274 2.14 19.7 1.23 171 360 101 769 119 35.2 0.0575 o
19X-5, 61-63 166.68 33.2 0597 116 4.36 0.0296 2.23 20.8 1.25 177 370 104 815 126 37.1 0.0582 o}
19X-5, 93-95 167.00 328 0590 116 3.89 0.0293 221 20.1 121 174 366 103 777 121 359 0.0577 o} Dark green
19X-5, 144-146  167.51 20.2 0.394 7.16 2.86 0.0852 2.83 33.2 0.96 1.69 252 50 1110 65 59.2 0.0624 o
19X-6, 28-30 167.85 20.4 0.399 7.11 2.86 0.0844 2.78 322 0.97 1.70 239 49 1080 67 575 0.0636 o
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Table 2 (continued).

o Major elements (Wt%) Trace elements (ug/g)

Core, section, Deptl ! ) CaCO. )

interval (cm) (meg o) SO, TiO, Al,04 Fe,04 MnO MgO CaO Na,0 K,O Ba Cr Sr Zr (W% )3 Ti/Al Group Color
19X-6, 62-64 168.19 226 0.431 7.13 2.90 0.0870  2.87 30.8 1.06 171 245 48 1010 75 550  0.0685 o} Gray/green
19X-CC, 9-11 168.47 231 0.427 8.60 2.93 0.0682 2.58 29.0 1.01 191 275 60 1030 81 51.7 0.0562 o

19X-CC, 43-45 168.81 22.3 0.412 831 5.05 0.0704 242 279 1.02 1.85 258 57 995 80 49.9 0.0562 o

20X-1, 20-22 169.97 238 0.444 8.38 3.60 0.0743 2.49 28.6 1.13 1.92 261 56 1010 86 51.0  0.0600 o}

20X-1, 61-63 170.34 238 0.448 8.47 2.92 0.0714 237 29.1 1.08 191 252 57 1030 91 52.0 0.0598 o] Green
20X-1, 93-95 170.62 15.8 0.496 5.55 2.28 0.130 121 385 1.27 1.16 184 29 1350 108 68.8 0.101 \ Gr.
20X-1, 126-128 170.91 135 0.781 4,78 224 0.108 124 39.2 1.67 0.99 206 25 1360 99 70.0 0.185 \% Gr%
20X-2, 97-99 171.96 26.3 0.481 9.61 3.20 0.0533 222 27.3 1.15 2.03 265 62 988 92 488  0.0568 o}

20X-2,115-117  172.12 26.3 0490 10.0 334 0.0622 2.28 29.2 1.10 212 259 68 1060 108 52.2 0.0553 o Green
20X-3, 5-7 172.48 23.2 131 7.98 491 0.115 2.25 28.2 2.38 1.26 204 4 1070 167 504 0185 v

20X-3, 23-25 172.64 233 1.32 8.02 4.85 0.115 2.25 28.2 240 1.30 206 42 1070 170 50.4 0.186 v

20X-3, 46-48 172.84 242 1.37 8.43 4.83 0.0978 2.27 26.6 248 1.39 225 39 1030 168 474 0.184 v Dark gray
20X-3,106-108  173.38 316 0.088 1.03 0.470  0.0860 0.600 50.8 1.03 0.24 41 10 1100 23 90.7 0.0966 c Pale gray
20X-4, 41-43 174.13 894  0.288 311 1.40 0.101 0.910 44.6 1.21 0.67 162 24 1570 54 79.6  0.105 c

20X-4, 64-66 174.33 881  0.290 3.05 1.40 0.109 0.870 451 1.19 0.67 161 28 1600 52 805  0.108 c Gray
20X-4, 109-111 174.73 179 0.309 6.43 2.16 0.0660 1.25 35.6 114 1.06 356 50 1290 61 63.6 0.0544 [o] Gray
20X-5, 8-10 175.17 384 0.763 16.1 5.40 0.0277 1.82 11.2 1.35 1.86 530 129 502 137 20.0 0.0538 o]

20X-5, 49-51 175.52 393 0.774 16.2 5.38 0.0281 1.85 115 1.29 1.90 543 130 510 140 205 0.0542 o]

20X-5, 110-112 176.07 40.0 0.793 16.6 5.30 0.0287 1.84 11.0 1.33 1.90 506 134 496 144 19.7 0.0543 [} Dark green
20X-6, 39-41 176.77 219 0.409 8.10 2.92 0.0703 213 314 1.06 177 285 60 1110 80 56.0  0.0571 o

20X-6, 112-114  177.42 219 0.406 8.09 2.86 0.0741 217 31.0 1.07 1.73 276 61 1100 78 554  0.0568 o

20X-CC, 21-23 178.24 239 0.436 7.79 2.83 0.0710 2.20 29.8 1.09 171 265 55 1030 91 531 0.0634 [o] Green
21X-1, 81-83 179.27 155 0.283 5.60 1.87 0.0613 1.28 39.2 1.04 0.97 300 52 1380 61 70.0 0.0572 o]

21X-1, 109-110 179.55 154 0.280 5.53 1.84 0.0628 1.29 381 1.10 1.02 284 53 1330 62 68.1 0.0574 o] Pale green
21X-2, 39-41 180.33 239 0.439 8.45 3.05 0.0778 2.37 294 1.03 1.76 319 70 1020 85 52.4  0.0589 o}

21X-2,107-109  181.00 24.1 0.444 8.38 3.29 0.0853 2.37 29.0 1.06 1.84 309 65 1010 86 51.8 0.0601 o

21X-3, 40-42 181.84 24.8 0.446 8.16 2.95 0.0875 2.28 29.2 111 174 315 66 1000 91 52.1 0.0619 o} Green
21X-3, 124-126 182.67 325 0564 116 3.99 0.0374 1.98 18.9 1.16 1.73 470 107 709 124 337 0.0552 [o]

21X-4,6-8 182.99 331 0575 116 4.18 0.0410 2.00 194 1.20 1.66 460 108 726 124 345 0.0562 o]

21X-4, 62-64 183.55 346 0595 121 4.05 0.0446 2.06 20.3 1.26 1.76 467 109 762 129 36.3 0.0556 o] Dark green
21X-4,119-121 184.11 284 0.504 105 353 0.0622 2.38 25.2 112 2.27 342 77 900 90 449 0.0543 [}

21X-4,145-147  184.37 305 0536 109 3.89 0.0656 2.49 26.2 1.18 243 355 79 925 98 46.8 0.0556 o Green
21X-5, 19-21 184.61 26.6 0.516 9.79 3.30 0.0696 2.92 26.6 1.16 2.38 275 76 888 87 475  0.0597 o Green
21X-5, 88-90 185.29 17.1 0.284 5.95 2.26 0.0791 1.24 38.1 0.90 1.10 323 55 1310 62 68.1 0.0541 o]

21X-5,103-105  185.44 19.3 0.328 6.75 2.55 0.0647 1.37 36.8 101 121 357 59 1310 71 65.6 0.0551 (o] Pale green
21X-5,125-127  185.66 531 0125 184 0766 0.134 0.533 50.2 1.09 0.39 60 26 1500 34 89.5 0.0770 c

21X-6, 4-6 185.95 374  0.098 1.29 0573 0139 0.437 52.1 0.98 0.27 53 25 1520 29 93.0 0.0859 c White
21X-6, 89-91 186.79 138 0.277 5.02 184 0.0726 112 40.6 1.12 0.98 243 48 1430 64 724 0.0625 o

21X-6, 142-144  187.32 14.1 0.281 5.07 1.84 0.0835 112 41.3 1.05 1.01 243 49 1440 66 737 0.0629 o

21X-CC, 7-9 187.97 15.0 0.300 511 1.79 0.0856 111 40.2 1.03 1.00 245 46 1410 70 717 0.0664 o] Gray
22X-1, 62-64 188.81 891  0.203 3.05 1.26 0.141 0.738 46.0 0.92 0.60 53 31 1360 46 82.0  0.0755 c

22X-1, 84-86 189.02 8.58 0.217 2.88 118 0.143 0.788 46.4 1.07 0.58 56 31 1270 47 82.8 0.0850 c White
22X-2,3-5 189.69 26.9 0.481 9.62 3.30 0.0466 1.68 27.6 1.09 137 372 89 1010 104 49.3 0.0567 o

22X-2, 48-50 190.12 25.8 0.457 9.16 3.28 0.0497 1.64 27.2 1.08 134 357 84 992 99 486  0.0565 o

22X-2, 87-89 190.50 26.4 0.469 9.40 3.07 0.0542 1.66 28.7 1.14 137 363 91 1050 102 51.2 0.0566 o Dark green
22X-3, 26-28 191.37 205 0.401 7.72 272 0.0728 1.89 344 1.10 1.58 244 57 1230 79 61.5 0.0588 o]

22X-3,98-100 192.07 19.9 0.385 7.47 2.65 0.0692 1.86 334 0.99 1.60 243 57 1180 77 59.6  0.0584 o}

22X-4, 37-39 192.93 237 0.433 8.60 3.06 0.0785 2.10 30.7 1.00 183 253 65 1090 82 54.7 0.0570 o} Gray
22X-5, 58-60 194.59 20.7 0.401 757 2.73 0.0684 1.94 33.6 1.06 1.60 234 58 1180 81 60.0  0.0601 o

22X-6, 92-94 196.39 20.7 0.402 7.53 2.73 0.0703 1.92 334 1.02 1.60 245 58 1180 82 59.5 0.0605 (o]

22X-CC, 24-26 197.66 238 0.465 7.63 2.92 0.0820 1.99 321 1.06 1.66 259 59 1110 98 57.3 0.0691 [o]

23X-1, 14-16 197.95 25.6 0.501 7.67 2.96 0.0847 2.01 30.6 1.08 1.65 267 58 1060 110 54.6 0.0740 o]

23X-1, 36-38 198.17 27.8 0.530 7.52 293 0.0819 2.00 28.7 1.15 159 273 55 978 127 51.2 0.0799 o] Gray
23X-2, 8-10 199.35 423 0119 1.46 0671  0.0919 0.451 50.7 0.99 0.34 37 27 1430 33 90.5 0.0925 c

23X-2, 55-57 199.82 453  0.158 151 0.742  0.0785 0.511 50.4 0.98 0.34 49 29 1260 37 90.0 0.119 c White
23X-2, 142-144 200.69 139 0.375 4.92 219 0.0833 121 41.0 0.93 1.03 173 42 1400 76 73.2 0.0864 v

23X-3, 26-28 201.03 129 0.381 4.68 1.90 0.0893 114 40.8 112 0.97 178 43 1380 78 727 0.0924 \ Gray
23X-3,119-121 201.96 26.3 0.485 9.95 312 0.0481 164 217 1.06 1.44 31 82 1030 93 494 0.0553 o]

23X-4, 35-37 202.62 28.0 0508 10.1 342 0.0544 1.69 285 1.10 157 331 84 1050 102 50.9 0.0568 o}

23X-4,114-116 203.41 284 0.495 9.57 325 0.0515 161 26.1 1.04 152 325 80 945 109 46.5 0.0586 [} Green
23X-5, 71-73 204.48 429  0.0992 153 0.654 0.126 0.470 49.9 0.93 0.33 34 26 1480 32 89.1 0.0733 c

23X-5, 95-97 204.72 3.53 0.0846 1.24 0566 0.135 0.422 50.9 0.83 0.26 28 23 1480 27 90.9 0.0770 c White
23X-5, 144-146 205.21 15.2 0.294 5.80 191 0.0713 1.09 384 0.82 1.01 239 50 1380 59 68.5 0.0575 o] Gray
23X-6, 28-30 205.55 25.8 0.471 9.89 321 0.0687 211 26.7 0.99 217 249 69 983 81 47.7 0.0539 o] Green
23X-CC, 10-12  205.90 485  0.126 173 0.738 0.173 0.495 50.0 0.94 0.34 45 27 1500 34 89.1 0.0825 c White
24X-2, 40-42 209.40 35.6 0.644 128 3.99 0.0501 2.07 18.7 1.16 1.80 379 108 702 136 334 0.0571 o] Green
24X-3, 54-56 211.02 26.4 0.844 9.15 4.48 0.141 2.07 24.6 1.51 2.26 179 63 889 193 440 0105 v
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Table 2 (continued).

Major elements (Wt%) Trace elements (Lg/g)

Core, section, Depth . - CaCo. .

interval (cm) (mel? o) SO, TiO, Al,O3 Fe,05 MnO MgO Ca0 Na,0O K,O Ba Cr Sr Zr (W% )3 Ti/Al Group Color
24X-4, 86-88 212.83 29.3 0.983 9.91 4.63 0.178 2.23 24.1 1.59 2.24 228 55 860 218 431 0.112 v
24X-5, 15-17 21361 314 099 106 4.84 0.149 2.34 221 161 2.37 206 57 812 227 39.5 0.106 v Gray
24X-5,112-114 21458 16.8 0.454 6.09 2.49 0.231 1.20 377 112 147 171 38 1250 133 67.3 0.0846 v Pale gray
24X-6, 17-19 21511 251 0.513 7.93 2.61 0.0810 167 30.6 0.97 184 270 55 1050 108 54.7 0.0733 0 Gray
24X-6, 39-41 215.33 413 0119 151 0.672  0.189 0.439 495 0.85 0.32 33 17 1440 30 88.3 0.0893 c
24X-6, 71-73 215.65 576  0.161 2.10 0.942 0.184 0.542 49.2 0.85 0.40 39 19 1460 39 87.8 0.0867 c White
24X-6,111-113  216.05 19.1 0.694 6.96 321 0.111 1.46 338 1.36 1.50 125 38 1210 140 60.3 0.113 v r
24X-CC, 20-22 217.00 263 145 8.70 6.70 0.185 3.12 242 194 178 218 61 807 185 43.2 0.189 v gfr%
25X-1, 49-51 217.62 349 0625 13.0 381 0.0454 2.09 189 117 1.90 372 115 729 114 33.8 0.0546 0 Green
25X-1, 89-91 218.02 354 0645 136 4.56 0.0944 3.02 17.3 1.09 2.87 267 91 644 114 31.0 0.0539 o} Gray
25X-1,123-125  218.36 17.9 0.483 6.57 2.82 0.170 151 35.6 1.00 148 175 49 1210 101 63.6 0.0832 \Y
25X-1,146-148 21859 16.1 0.460 5.87 2.56 0.191 1.39 384 1.02 1.36 160 46 1290 99 68.5 0.0888 v Gray
25X-2, 54-56 219.17 16.5 0.576 5.61 3.02 0.139 1.60 379 1.02 127 139 44 1130 95 67.7 0.117 v
25X-2,111-113  219.74 157 0.567 5.26 2.88 0.141 1.56 382 0.96 113 149 41 1140 92 68.1 0.122 v
25X-3, 5-7 220.18 159 0.577 5.32 2.74 0.143 1.56 374 1.06 1.19 165 44 1110 93 66.8 0.123 v Gray
25X-3, 90-92 221.03 19.5 0.358 7.40 248 0.0932 137 344 0.88 137 245 65 1260 75 61.4 0.0547 o} Pale green
25X-4,9-11 221.72 343 0614 124 438 0.0729 2.62 19.3 112 2.70 275 80 711 115 34.4 0.0562 o]
25X-4, 37-39 222.00 331 0590 120 4.26 0.0702 2.54 194 1.23 2.57 280 80 727 111 34.7 0.0555 0 Gray
25X-4, 80-82 22243 336 0568 11.8 421 0.0376 2.01 189 1.16 1.89 410 112 730 m 33.7 0.0544 0
25X-4,107-109  222.70 317 0535 111 7.96 0.0354 1.90 174 1.09 1.70 415 109 672 109 311 0.0547 o Dark green
25X-5, 13-15 223.26 444  0.126 148 0.746  0.163 0.463 50.3 0.86 0.33 49 23 1530 29 89.7 0.0961 c
25X-5, 30-32 22343 466  0.132 154 0.790 0.161 0.471 49.8 0.83 0.33 49 21 1520 29 88.8 0.0970 c White
25X-5, 97-100 224.10 41.2 0.738 157 531 0.0295 221 10.7 1.25 2.16 551 132 466 129 19.1 0.0532 o}
25X-5,134-137 22447 41.0 0.728 153 6.13 0.0315 219 11.0 1.28 2.08 527 130 473 130 19.6 0.0540 ¢}
25X-6, 25-27 224.88 40.5 0.707 146 6.80 0.0318 2.09 10.8 122 2.09 489 126 456 134 19.3 0.0548 0
25X-6, 74-76 22537 413 0726 152 5.33 0.0335 2.06 1.2 117 2.17 482 128 471 135 20.0 0.0543 0 Dark green
25X-6, 135-137  225.98 34.8 0.626 13.2 4.50 0.0944 2.65 182 111 2.94 314 88 681 108 324 0.0537 o Gray/brown
25X-CC, 29-31 226.42 26.1 0.470 9.40 359 0.141 1.81 274 1.04 2.06 238 66 966 101 489 0.0567 o]
26X-1, 36-38 227.05 25.7 0.463 9.11 3.59 0.127 1.74 28.7 1.05 212 247 62 1020 101 51.3 0.0576 o}
26X-1,121-123  227.90 243 0.448 8.75 3.07 0.0962 1.65 29.8 1.03 1.92 258 61 1080 99 53.3 0.0580 o
26X-2, 22-24 228.41 24.8 0.457 8.99 3.13 0.101 1.67 30.2 1.04 194 256 60 1090 100 539 0.0577 0 Pale gray
26X-2,141-143  229.60 26.6 0.500 9.79 3.57 0.0974 2.65 26.2 0.97 245 256 68 901 86 46.8 0.0578 o
26X-3, 17-19 229.86 26.7 0.500 9.72 3.59 0.104 2.69 26.4 1.01 243 255 70 897 88 47.0 0.0583 o
26X-3, 61-63 230.30 26.9 0.502 9.68 3.68 0.114 271 26.3 1.00 244 252 69 892 89 46.9 0.0587 o} Pale gray
26X-3,134-135  231.02 37.9 0688 14.2 4.87 0.0790 2.16 15.0 117 2.03 432 127 595 119 26.7 0.0549 o
26X-3,140-141  231.08 38.5 0.696 14.5 4.99 0.0755 2.20 143 118 2.04 414 130 572 124 255 0.0545 o
26X-3,146-147  231.14 37.6 0.682 14.1 4.98 0.0728 2.14 15.0 119 2.00 416 129 597 124 26.7 0.0547 o Dark green
26X-4, 79-81 231.98 10.8 0.257 3.83 1.69 0.239 0.908 43.0 1.18 0.73 52 32 1240 47 76.8 0.0762 c White
26X-5, 19-21 232.88 34.0 0611 130 5.43 0.206 2.60 18.7 1.10 3.05 270 84 678 105 334 0.0533 0
26X-5, 64-66 233.33 29.6 0543 114 3.69 0.119 2.30 236 1.01 2.59 295 74 829 95 42.2 0.0540 0 Pale brown
26X-5,145-147  234.14 383 0.712 15.0 4.73 0.0850 247 143 122 3.29 348 88 553 138 25.6 0.0538 o}
26X-6, 28-30 234.47 38.0 0710 149 5.14 0.0959 2.45 14.8 1.16 3.25 343 89 569 137 264 0.0541 0 Green
26X-6, 88-90 235.07 514 0956 19.1 7.53 0.103 3.36 1.09 147 429 346 109 151 191 194 0.0569 0 Green
26X-CC, 3-5 235.72 37.6 0.693 14.0 477 0.101 247 15.0 132 3.03 349 83 558 142 26.7 0.0561 o
27X-1,12-14 236.63 385 0717 143 491 0.101 2.49 153 1.22 2.77 346 87 577 151 27.3 0.0567 o}
27X-1, 42-44 236.92 379 0712 145 4.99 0.123 2.49 152 1.20 291 328 88 576 150 271 0.0557 0 Green
27X-1,103-105  237.51 50.4 1.07 229 6.87 0.0355 174 0.67 1.30 213 470 160 136 179 120 0.0529 o
27X-1,135-137  237.82 49.0 1.04 223 6.70 0.0344 1.68 1.67 1.25 211 462 156 169 176 2.98 0.0528 o Dark green
27X-2,21-23 238.15 734 019 2.60 129 0.324 0.639 46.8 0.97 0.55 32 35 1430 42 83.5 0.0828 c White
27X-2, 80-82 238.73 39.6 0731 155 6.35 0.404 2.87 12.2 1.23 3.05 414 96 479 132 217 0.0534 o} Brown
27X-3, 14-16 239.55 335 0599 129 5.32 0.377 231 17.8 1.10 2.81 340 83 649 118 31.8 0.0527 o} Brown
27X-3, 60-62 239.99 372 0.644 135 4.64 0.0899 2.08 156 117 1.89 417 110 590 118 279 0.0540 0
27X-3,98-100 240.36 373 0640 134 454 0.0822 2.07 158 1.19 1.88 397 110 595 122 282 0.0543 0 Green
27X-3,134-136  240.71 885  0.196 311 1.38 0.400 0.772 45.2 1.00 0.58 40 27 1330 38 80.7 0.0715 c White
27X-4, 50-52 241.36 32.0 0600 11.8 5.31 0.277 3.05 21.8 1.03 2.80 321 84 709 102 38.9 0.0579 0 Brown
27X-4,110-112  241.94 50.3 1.07 23.0 7.19 0.0404 1.55 0.26 124 234 256 140 102 195 0.46  0.0526 o Green
27X-5, 42-44 242.75 50.8 1.10 22.8 6.07 0.0188 154 0.27 1.17 1.99 330 144 111 196 0.47 0.0545 o}
27X-5,72-74 243.04 51.8 1.10 226 6.33 0.0300 157 130 118 2.03 316 143 147 202 2.33  0.0553 0
27X-5,100-102 24331 50.1 1.06 22.0 6.19 0.0327 154 145 116 1.95 308 139 148 194 258 0.0549 o Dark green
27X-5,138-140  243.68 416 0.696 145 5.48 0.0633 2.24 11.1 1.26 2.23 398 120 428 130 19.8 0.0544 o
27X-6, 7-9 243.87 417 0.701 14.6 5.82 0.0611 2.24 11.2 124 211 378 123 432 130 20.0 0.0542 o Dark green
27X-6,120-122  244.97 538 0123 1.87 1.04 0.422 0.504 49.3 0.79 0.42 50 26 1440 37 88.0 0.0743 c White
27X-7, 37-39 245.62 433 0720 157 5.98 0.0610 2.28 954 130 2.05 337 131 403 124 17.0 0.0519 o}
27X-CC, 14-16 245.85 431 0.706 15.3 6.00 0.0602 2.24 9.46 131 2.06 351 129 395 127 16.9 0.0523 o Dark green
28X-1, 21-23 246.22 40.3 0.661 14.0 5.50 0.0898 2.23 109 1.29 221 396 124 428 125 194 0.0535 0
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Table 2 (continued).

Major elements (wt%) Trace elements (1g/g)

Core, section, Depth : " CaCO ’

interval (cm) (meg ) SO, TiO, Al,04 Fe,03 MnO MgO CaO Na,0 K,O Ba Cr Sr Zr ( Wt%)3 Ti/Al Group Color
28X-1, 42-44 246.43 394 0.649 139 6.16 0.0766 222 111 1.28 2.25 383 121 432 120 19.7 0.0531 [o] Dark green
28X-1,123-125  247.24 37.0 0.707 14.2 4.64 0.131 243 159 111 2.93 364 84 596 143 283  0.0566 o
28X-2, 11-13 247.62 371 0709 141 4.56 0.135 242 16.1 11 2.99 375 84 599 149 288  0.0570 o Dark green
28X-2, 76-78 248.27 40.1 0.637 136 5.24 0.111 2.20 137 1.23 221 397 120 552 120 245  0.0531 o Dark green
28X-3,10-12 249.11 40.2 0.672 151 549 0.149 2.07 12.7 1.23 214 427 120 524 111 226 0.0506 o] Dark green
28X-3, 45-47 249.46 40.3 0.668 14.2 5.61 0.104 221 12.2 1.20 2.10 387 132 488 123 21.8 0.0532 [o] Dark green
28X-CC, 7-9 249.64 414 0.662 139 5.49 0.112 218 12.4 124 218 349 133 489 132 220 0.0541 [o] Green
28X-CC, 36-38  249.93 40.3 0.690 14.7 5.69 0.157 2.20 121 122 2.29 356 132 492 119 215 0.0533 o Dark green
29X-1, 88-90 256.59 42.9 0.756 159 5.84 0.109 2.19 932 127 2.23 377 139 407 134 166  0.0540 o Dark green
29X-1,134-136  257.05 48.3 0.984 222 6.77 0.0332 2.02 065 1.31 214 431 174 136 152 116 0.0503 o Dark areen
29X-2, 22-24 257.43 41.2 0.795 16.2 6.36 0.309 2.46 115 1.15 3.32 388 93 505 142 205 0.0557 o] Br%n
29X-2, 54-56 257.75 503 0124 1.76 0.963 0.448 0.488 49.0 0.84 0.33 88 19 1470 30 874  0.0801 c
29X-2, 109-111 258.30 519 0.143 1.77 0.858  0.340 0.58 48.4 117 0.38 85 17 1190 30 86.4 0.0919 [ White
29X-3, 34-36 259.05 42.7 0.773 167 5.45 0.137 2.18 993 118 2.33 409 146 444 134 17.7  0.0524 o Dark green
29X-3, 73-75 259.44 7.01 0.185 2.46 1.05 0.564 0.600 47.2 0.99 0.46 49 23 1400 35 84.2 0.0850 c White
29X-3, 146-148 260.17 51.7 117 220 5.89 0.0561 191 0.64 113 214 326 165 141 201 1.14 0.0600 o] Dark green
29X-4, 36-38 260.56 43.7 0.774 16.7 557 0.163 240 9.12 1.23 233 415 150 437 132 16.3 0.0524 o] Dark green
29X-4, 78-80 260.98 49.8 0.965 215 6.74 0.0713 2.10 1.17 1.28 2.37 348 172 160 155 2.09 0.0510 [o] Dark green
29X-5, 23-25 261.93 51.3 1.10 235 591 0.0192 1.90 038 127 241 285 198 154 186 0.68  0.0531 o Dark green
29X-5, 57-59 262.27 49.5 0920 1938 6.64 0.225 2.65 135 126 2.56 543 187 173 152 241 0.0526 o Dark green
29X-5, 116-118 262.86 50.3 1.06 219 6.09 0.0690 1.96 159 117 2.25 319 168 180 184 2.84 0.0547 o Dark green
29X-5, 140-142 263.10 51.0 112 17.3 6.81 0.206 2.99 112 1.60 314 246 93 169 212 2.00 0.0730 o] Dark brown
29X-6, 27-29 263.48 553 0.164 1.83 0.866 0.266 0.521 49.2 0.96 0.39 125 24 1400 36 87.8 0.102 c White
29X-6, 78-80 263.99 536 0.148 1.75 0942 0.285 0.500 49.0 0.93 0.32 163 21 1510 34 875  0.0956 c White
29X-6,131-133  264.52 575 0.151 1.87 0937 0.289 0.488 49.0 0.88 0.36 107 18 1570 33 875  0.0911 c White
29X-CC, 28-30  265.13 51.8 1.01 211 6.09 0.185 221 060 122 2.38 241 175 133 179 1.07 0.0541 o Dark gray
30X-1, 25-27 265.54 7.23 0.190 2.26 114 0.203 0.610 475 1.04 0.42 170 30 1490 40 84.8 0.0949 c White
30X-1, 99-101 266.26 44.6 0.749 153 5.56 0.0593 2.66 8.74 1.29 247 463 130 404 147 15.6 0.0553 o] Green
30X-1, 147-149 266.74 50.0 0913 204 6.08 0.0213 2.28 0.57 1.37 222 345 169 139 166 1.02 0.0508 o] Dark green
30X-2, 44-46 267.21 39.7 0.661 135 4.94 0.0981 2.67 12.1 1.20 2.09 344 125 508 132 21.6 0.0553 o] Dark green
30X-2, 115-117 267.92 47.8 0.830 17.0 6.04 0.0509 2.79 551 1.46 2.23 341 143 300 162 9.84 0.0553 [o] Dark green
30X-2,144-146  268.21 730 0163 2.30 1.00 0.252 0.587 484 0.94 0.49 120 30 1520 44 864  0.0806 c White
30X-3, 49-51 268.76 329 0.660 9.72 332 0.0736 2.06 228 117 1.77 340 62 844 145 40.7 0.0770 o Dark green
30X-3, 118-120 269.45 384 0.616 125 4.86 0.0622 2.73 149 1.27 1.95 443 109 620 125 26.6 0.0560 o] Dark green
30X-4, 66-68 270.43 334 0.725 125 4.20 0.0861 2.25 19.3 11 249 466 79 792 130 344 0.0656 [o]
30X-4,115-117  270.92 344 0.757 124 4.15 0.0902 2.26 193 117 2.35 428 83 782 137 344  0.0690 o Pale green
30X-5, 77-79 272.04 435 0752 144 6.73 0.0499  2.82 790 135 1.88 437 128 345 153 141 0.0590 o Dark green
30X-5,123-125  272.50 46.1 0.714 141 6.05 0.0506 2.96 913 147 2.10 324 127 405 142 163  0.0575 o
30X-6, 20-22 272.97 45.0 0.704 142 548 0.0486 2.96 9.14 1.48 214 309 127 403 136 16.3 0.0562 o Dark green
30X-6, 73-75 273.50 40.0 0599 120 5.00 0.0649 2.67 14.0 1.32 1.94 405 113 569 129 25.0 0.0564 o
30X-CC, 22-24 274.17 41.0 0586 11.6 5.05 0.0658 2.50 14.0 1.26 1.93 403 107 552 135 250 0.0571 [¢] Dark green
31X-1, 58-60 275.49 43.2 0700 14.4 5.10 0.0556  2.77 10.2 1.36 1.87 344 128 489 129 183  0.0552 o Dark green
31X-2, 41-43 276.82 52.8 0953 181 5.79 0.0263  2.69 232 159 2.07 280 149 205 168 4.14  0.0595 o Dark green
31X-2,127-129  277.68 36.8 0.513  10.6 4.38 0.0660 2.37 184 125 1.61 366 100 743 120 328  0.0550 o
31X-3, 27-30 278.19 378 0497 101 3.92 0.0635 2.26 17.4 1.26 1.64 363 96 698 129 31.0 0.0556 o] Gray/brown
31X-3, 66-68 278.58 5.68 0.143 1.69 0.693 0.271 0.485 49.1 0.95 0.34 157 26 1590 36 87.7 0.0963 c
31X-3, 102-104 278.94 7.77 0.206 2.32 0.860 0.256 0.597 46.8 1.00 0.46 141 30 1460 a4 83.6 0.101 [ White
31X-3,138-140  279.30 47.1 0721 141 6.50 0.126 314 804 183 1.68 236 128 425 141 144 0.0582 o Green
31X-4, 36-38 279.78 741 0171 2.16 0.816  0.299 0.561 484 0.96 0.47 137 30 1570 42 864  0.0896 c White
31X-4, 108-110 280.50 35.9 0529 11.0 4.07 0.0828 2.60 18.3 1.29 157 355 109 736 112 32.6 0.0547 o] Green/brown
31X-4, 146-148 280.88 393 0584 117 447 0.0806 2.67 16.0 1.36 1.87 331 110 680 125 285 0.0566 o]
31X-5, 30-32 281.22 39.1 0578 117 4.40 0.0798 2.66 158 1.30 1.82 305 103 679 122 28.3 0.0561 o] Green
31X-5, 63-65 281.55 6.32  0.136 1.90 0.715 0.379 0.807 48.8 0.94 0.34 116 32 1310 36 87.2  0.0812 c White
31X-CC, 19-21 282.40 35.8 0480 10.2 4.13 0.0781 2.57 177 1.28 152 353 100 733 104 316 0.0531 o
32X-1, 16-18 284.97 384 0502 10.7 4.03 0.0803  2.70 184 1.42 1.62 339 106 763 112 329  0.0531 o Green
32X-1, 108-110 285.88 42.9 0.483 9.80 3.86 0.0658 257 151 1.42 151 435 101 621 116 27.0 0.0559 o]
32X-2, 58-60 286.86 434 0.468 943 4.19 0.0589 240 149 1.39 1.52 414 96 599 116 26.5 0.0562 o] Green/brown
32X-2,123-125 287.50 46.5 0506 10.3 413 0.0667 254 125 1.44 1.58 410 101 514 120 223 0.0557 o]
32X-3, 8-10 287.85 45.1 0512 10.6 4.75 0.0596 2.60 125 1.45 1.65 405 104 521 114 222 0.0546 [o] Green/brown
32X-4,9-11 289.33 54.2 0822 167 5.63 0.0269 3.14 198 174 1.93 448 148 206 149 3.53 0.0556 o Green/brown
32X-4, 38-40 289.61 519 0853 17.1 5.06 0.0213 321 075 1.9 1.96 296 179 170 162 1.33 0.0564 o Green/brown
32X-4, 88-90 290.10 51.9 0.874 172 534 0.0271 2.99 2.82 1.75 1.86 219 138 238 151 5.04 0.0577 o Green
32X-5, 31-33 291.04 49.2 0.506 10.1 397 0.0640 243 114 151 1.39 525 102 508 124 204 0.0570 [o]
32X-5, 104-106 291.76 50.1 0.487 9.77 442 0.0472 231 109 1.45 1.46 480 95 481 126 195 0.0565 o] Green/brown
32X-6, 14-16 292.34 9.97 0.218 2.79 1.25 0.145 0.729 45.7 0.89 0.54 194 35 1550 52 81.5 0.0885 c White
32X-6,102-104  293.20 46.3 0546 11.3 452 0.0616 2.74 10.0 153 1.63 477 105 447 127 179  0.0549 o Green/brown
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Table 2 (continued).

Major elements (Wt%) Trace elements (Lg/g)

Core, section, Depth ! : CaCO )

interval (cm) (met;)) o) SO, TiO, Al,O3 Fe,05 MnO MgO Ca0 Na,0O K,O Ba Cr Sr Zr (W% )3 Ti/Al Group Color
32X-CC, 16-18 294.26 50.3 0.675 13.6 5.72 0.0342 2.81 5.72 162 173 629 122 314 146 10.2 0.0565 o Green/brown
33X-1, 76-78 295.08 534 0.786 165 5.73 0.0245 3.50 0.76 1.67 2.22 465 153 169 153 136 0.0541 0 Dark gray
33X-1,133-135  295.63 534 0.796 16.2 5.91 0.0282 3.60 118 1.66 2.33 323 144 169 150 211 0.0556 o Dark green
33X-2, 44-46 296.31 53.6 0.703 152 6.07 0.0469 4.05 1.56 1.81 2.36 412 162 165 132 279 0.0524 o} Dark green
33X-2, 98-100 296.84 34.7 0.702 109 4.09 0.0887 2.50 19.6 121 2.02 478 94 816 108 35.0 0.0731 v
33X-2,138-140  297.23 35.0 0.773  10.9 4.14 0.0923 244 202 1.29 2.03 502 93 819 117 36.0 0.0808 v Gray
33X-3, 62-64 297.96 48.4 0.649 136 5.58 0.0528 3.56 740 154 2.19 409 138 341 125 132 0.0540 0 Green/brown
33X-3,143-146  298.75 545 0.736 154 6.00 0.0522 3.73 2.06 1.66 2.29 340 151 178 139 3.68 0.0542 o Dark gray
33X-4, 34-36 299.15 52.2 0.786 165 5.60 0.0196 3.38 084 173 2.06 592 166 181 138 150 0.0541 0 Dark gray
33X-4, 56-58 299.37 54.7 0885 18.1 6.04 0.0277 343 115 163 2.18 359 163 196 150 2.05 0.0555 0 Dark gray
33X-4,145-147  300.24 53.8 1.28 15.0 8.50 0.104 3.55 142 1.80 271 365 124 182 158 2,53  0.0970 v Gray
33X-5, 55-57 300.83 55.3 1.18 16.2 7.21 0.0408 341 127 177 2.86 259 99 188 196 227 0.0827 v Gr.
33X-5,127-129  301.54 54.1 0.845 179 5.86 0.0213 3.25 1.01 152 2.06 721 154 169 154 1.80 0.0536 o Dark gray
33X-6, 22-24 301.98 52.7 0979 19.7 5.62 0.0172 2.93 075 153 211 337 157 183 183 1.33 0.0563 0 Dark gray
33X-7, 27-29 303.51 50.8 121 16.4 6.64 0.0306 323 4.46 1.59 2.87 488 134 271 152 7.96 0.0837 v Dark gray
33X-CC, 28-30 303.99 53.1 1.10 15.6 7.37 0.0478 355 121 1.73 235 213 146 169 159 216 0.0797 \Y Dark gray
34X-1, 79-81 304.82 43.6 0997 139 5.51 0.0418 2.85 9.39 154 2.02 453 139 423 140 16.8 0.0814 v
34X-1,104-106  305.07 433 0.783 133 5.15 0.0420 2.87 10.0 1.50 1.90 456 131 438 123 179 0.0666 v Dark gray
34X-2, 16-18 305.67 39.6 0571 119 4.93 0.0369 2.92 14.0 1.50 142 534 138 491 100 25.0 0.0543 0 Dark gray
34X-2, 33-35 305.84 333 0.564 9.62 3.94 0.0664 2.26 231 117 131 450 99 573 126 411 0.0664 c
34X-2, 44-46 305.95 15.8 0.359 4.59 2.07 0.173 145 384 0.78 0.73 176 55 658 77 68.5 0.0886 c
34X-2, 60-62 306.11 630 0.213 187 0.806 0.244 1.08 48.2 0.68 0.37 70 28 621 43 86.0 0.130 c
34X-2, 95-97 306.46 421 0147 121 0.531 0.219 0.987 49.9 0.65 0.25 43 33 572 43 89.1 0.137 c
34X-CC, 27-29 306.78 249  0.0983 0.766 0320 0.128 0.999 514 041 0.12 31 30 565 32 91.8 0.146 c
35X-1, 71-73 314.32 6.83  0.174 1.95 0712 0.123 115 47.6 0.79 0.34 44 34 405 88 85.0 0.101 c White to brown
35X-CC, 36-37 314.80 58.8 1.08 5.47 2.33 0.538 1.20 135 112 1.08 292 123 260 421 24.1 0.223 sst White
36X-1, 91-93 324.05 085 0.0319 0.287 0.124 0.179 0.863 53.0 0.80 0.06 4 29 439 26 94.5 0.126 c White

Notes: Total iron expressed as Fe,O3; CaCO; calculated from CaO data, assuming that all Cais present as carbonate. Lithologic groups are: ¢ = calcareous; v = volcanic; o = organic-rich and other turbidites; sst = volcaniclastic sandstone.
Italicized | ettersin the Color column are Quaternary turbidite identifiers of Weaver and Kuijpers (1983), De Lange et a. (1987), Weaver, Buckley et a., 1989, and Weaver, Thomson, et al., 1989; bed divisions are indicated by horizontal
lines.
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Figure 2. A—G. Carbonate and Ti/Al ratio profiles plotted against lithology for Site 950. Only turbidite data are plotted; pelagic intervals are excluded. Turbidite
classification: (a) calcareous turbidites, >75% CaCO; (calculated from CaO data); (b) volcanic turbidites, Ti/Al >0.8 and CaCO; <75%; (c) organic-rich and
other turbidites. Turbidite lettering in Sections 157-950A-1H through 4H after Weaver and Kuijpers (1983) and Weaver et al. (1989a, 1989b); series boundaries

derived from Howe and Shlendorio-Levy (Chap. 29, this volume).
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Figure 2 (continued).
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Figure 2 (continued).

Figure 2 demonstrates that shipboard identification of all gray tur- values of ~0.2 toward the base of the unit. There is a suggestion that
bidites as being members of the ‘volcanic’ group was erroneous, artlde high-Ti (turbidited, p; Fig. 2) and low-Ti ¢, o) subgroups de-
that the frequency of volcanic turbidite deposition is much lower tharined by Pearce and Jarvis (1995) in the Quaternary sediments, con-
originally thought. The detailed log (Fig. 2), combined with summarytinue downcore with a trend toward increasing Ti/Al ratios in both
geochemical profiles (Fig. 3) for Cag@nd Ti/Al ratios through  groups.
shipboard lithostratigraphic Unit | (Schmincke, Weaver, Firth, et al., Carbonate contents of both the volcanic and calcareous turbidites
1995), enable five new subdivisions to be designated here (definedso generally increase downward through this interval. Ti/Al ratios

here as chemostratigraphic Units I/1 through 1/5): of the organic-rich turbidites are remarkably consistent throughout
the section, with small excursions toward higher values being caused
Unit I/1, 0-134 mbsf (upper Pliocene—Pleistocene) by samples from the lower portions of beds, which commonly con-

tain a proportion of entrained volcaniclastic grains (Pearce and
The pattern of turbidite deposition seen in the upper Pleistocenelarvis, 1992a, 1992b, 1995). A thick gray turbidite atGHOmbsf,
Holocene, continues down to ~134 mbsf (low—upper Pliocene). Tumeriginally assigned to the volcanic group (Schmincke, Weaver, Firth,
bidites in this interval fall clearly into one of the three previously de-et al., 1995), contains a high carbonate content of 68%, but a low Ti/
fined turbidite groups. Ti/Al ratios for the volcanic turbidites form a Al ratio of 0.057 (Figs. 2B, 3). A sample (157-950A-7H-3;-78
broad array with increasing values downward, attaining maximunem; 61.68 mbsf) from this turbidite analyzed faz,Gboard ship,
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yielded 0.51% (Schmincke, Weaver, Firth, et al., 1995), indicating
that despite its color, the turbidite belongs to the organic-rich group.

The clear distinction between volcanic and other turbidites is
shown by data for other elements known to be enriched in the volca-
niclastic fraction (De Lange et al., 1987, 1989), particularly Fe/Al,
Cr/Al, and Zr/Al (Fig. 4). Fe/Al ratios, are also lowest in the organic-
rich turbidites, occur at intermediate levels in the calcareous turbid-
ites, and are highest in the volcanic category. Chromium contents
overlap between the organic-rich and volcanic groups, but trend to
the highest values in the latter category. Zirconium contents are in-
variably highest in volcanic turbidites. Unlike Ti, only Cr/Al displays
aclear downhole increase within the volcanic group of Unit I/1, and
in this case a maximum is reached in a turbidite at 102 mbsf, some
distance above the base of the unit.

Pearce and Jarvis (1995) recognized two subgroups within Qua-
ternary organic-rich turbidites, based largely on potassium contents.
Such adistinction isapparent inthe K/Al ratios of the green turbidites
in Unit 1/1 at Site 950 (Fig. 5), with high-K examples being charac-
terized by ratios of >0.3, and a second subgroup having ratios of 0.2—
0.3; however, separation between the fields of the two subgroups be-
comes less clear in the mid-Pleistocene. A similar pattern is shown
by Mg/Al (Fig. 6), with organic-rich turbidites at 18 (turbidite k), 56,
84, 85, 115, and 133 mbsf, in particular, displaying markedly K- and
Mg-depleted compositions. Si/Al ratios vary considerably in the or-
ganic-rich turbidites of Unit 1/1 (Fig. 7), but show no clear strati-
graphic trends. Volcanic and cal careous turbidites display much less
variation, with overlapping arrays on K, Mg, and Si plots, and little
distinction between beds.

Unit 1/2, 134-199 mbsf (uppermost Miocene—lower Pliocene)

A transition toward increased proportions of thin-bedded turbid-
ites ~134 mbsf (Fig. 2C), is accompanied by the appearance of low-
carbonate (<10% CaCO;) dark-green organic-rich turbidites, gray
volcanic turbidites with low Ti/Al ratios (~0.09), and cal careous tur-
biditeswith high Ti/Al ratios of >0.07 (Fig. 3). Samplesfrom calcar-
eousturbiditeswith the highest Ti/Al ratios (up to 0.12) are generally

Ti/Al ratio profile (Fig. 3), a characteristic that continues down
through to the remainder of Unit |. Indeed, two gray calcareous tur-
bidites within this interval (at 161 and 174 mbsf), have carbonate
contents of 80%, but high Ti/Al ratios of ~0.11.

Despite the occurrence of a few dark green turbidites with very
low carbonate contents, there is a general downward increase in the
carbonate contents of the nonvolcanic turbidites through Unit 1/2;
CaCO, contents attain amaximum in a series of three thick, gray tur-
bidites with low Ti/Al ratios (Fig. 2D) at 199 mbsf. The bottom of
Unit 1/2 is defined by this shift in the carbonate profile (Fig. 3); cal-
careous turbidites also attain their highest CaCO, contents of >90%
toward the base of the unit. Shipboard C,, determination
(Schmincke, Weaver, Firth, et a., 1995) of a sample (157-950A-
23X-1, 11-12 cm; 197.91 mbsf) taken from one of the thick, gray
nonvolcanic beds at the base of Unit 1/2, gave alow value of 0.19%.
Given the considerable thickness (>5 m) of thisturbidite, it isunlike-
ly that it represents an oxidized member of the organic-rich group.
This points to a different provenance for this, and possibly the other
thick, gray nonvolcanic beds; additional organic carbon and other
geochemical data are required to test this hypothesis.

A number of high-Ti volcanic turbidites continue to occur in Unit
1/2, and a so have high Fe and Zr, but low Cr contents (Fig. 4). Occa
sional high Fe values in samples from organic-rich turbidites are at-
tributed to the occurrence of scattered pyrite in the deeper turbidites.
The two subgroups of organic-rich turbidites identified in Unit 1/1
continue through Unit 1/2, and display even clearer separation on K
and Mg profiles (Figs. 5, 6). The low-carbonate organic-rich turbid-
ites that first appear in Unit 1/2 are also distinguished by having the
lowest K/Al (<0.2), Mg/Al, and Si/Al ratios in the sequence (Figs. 5
through 7), forming adistinctive third compositional subgroup onthe
geochemical profiles.

Unit 1/3, 199-265 mbsf (uppermost middle Miocene—upper
Miocene)

Turbidites below 199 mbsf generaly display declining CaCO,
contents, reaching a minimum in a sequence of thin-bedded dark-

from the lower portions of beds. Together, these changes produce
overlap between the calcareous and volcanic turbidite fields on the

green turbidites at the base (Fig. 2E-G), which contains no signifi-
cant carbonate. Even the calcareous turbidites become increasingly
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impurethrough thisinterval (Fig. 3). Thelast thick, gray volcanictur-
bidites occur ~221 mbsf, and these, with one exception (at 217 mbsf),
are characterized by low Ti/Al ratios of <0.12. There is a noticeable
overall decreasein bed thickness below 231 mbsf (Fig. 2E), with old-
er turbidites typically <2 m thick. This change in bedding style and
lithology is used to subdivide the unit into 1/3a (above) and 1/3b (be-
low).

Organic-rich turbidites in Unit /3 display an increasing domi-
nance of the intermediate K subgroup (K/Al ratios, 0.2-0.3) toward
the base, with common low K (K/Al ratios, <0.2) examplesin Sub-
unit 1/3b (Fig. 5). Separation between the subgroups is also seen on
the Mg/Al (Fig. 6), and to a lesser extent the Si/Al (Fig. 7) profiles.

However, there is a general shift toward lower Mg contents through
Unit 1/3, a consequence of declining carbonate, which contains sig-
nificant Mg. The Mg/Al minimum, therefore, corresponds to the car-
bonate minimum at the base of Unit I/3; K and Si profiles remain un-
affected.

Unit 1/4, 265—-294 mbsf (mid- to high middle Miocene)
Unit 1/4 is dominated by thinly bedded green and green/brown
turbidites (Fig. 2; Table 2), with low and variable CaCO; contents of

0% to 34%. Calcareous turbidites have moderate carbonate contents
(87%) and high Ti/Al ratios of ~0.09. The oldest dark-green high K
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organic-rich turbidite occurs toward the top of Unit 1/4 at 247 mbsf
(Fig. 5), athough brown turbidites with similar compositions occur
below, at 257 and 263 mbsf.

All turbidite groups display increasing Si/Al ratios downward
through Unit 1/4, with the highest Si/Al ratios occurring in a unique
suite of green/brown turbidites between 286 and 294 mbsf (Figs. 2,
7, Table 2), at the very base of the unit.

Unit I/5, 294-306 mbsf (low middle Miocene)

The oldest beds in Unit | consist of a thin-bedded sequence of
dark-gray turbidites (Unit I/5; Fig. 2), with variable Ti/Al ratios and
low carbonate contents. Many have Ti/Al ratios of >0.08, and so are
assigned to the volcanic group, but they are lithologically and
geochemically distinct from younger members of the group, which
only appear above 221 mbsf, in the upper Miocene. Despite their Ti-
enriched signatures (Fig. 3), these middle Miocene volcanic turbid-
ites have lower Zr contents (Fig. 4), than other volcanic turbiditesin
the core; they are further distinguished by having low Mg and K, and
high Si to Al ratios. Organic-rich and other turbiditesin thisinterval
are all medium to low K/Al varieties (Fig. 5), with relatively high Si
contents (Fig. 7) and no clear separation between subgroups. No cal-
careous turbidites occur in Unit 1/5.

Unit I1, 306—-333 mbsf (lower Miocene—lowest middle Miocene)

Unit 11 is characterized by very poor core recovery; only a few
sections of carbonate sand and gravel were obtained. Downhole logs
indicate that three coarse-grained carbonate units occur in Unit |1
(Schmincke, Weaver, Firth, et al., 1995), and that its base coincides
with the base of the nonrecovered interval (top of Core 157-950A-
37X). A uniquefeature in this sequenceisthe occurrence at its top of
a hybrid turbidite, which grades upward from carbonate sands and
gravels containing 90% CaCQO;, at its base (Fig. 2), to brown muds
with 40% CaCO; at its summit. High Ti/Al ratios of 0.14 in the coars-
er lower part of the turbidite reflect a high proportion of volcaniclas-
tic material, dominantly zeolitic vitric tuff and basaltic rock frag-
ments with occasional glass shards and mineral crystals; thisfraction
is diluted by increasing proportions of clay minerals upward, and at
the top of the bed the Ti/Al ratio is only 0.07.

A sample of athinner calcareous turbidite sand at 324 mbsf (Sec-
tion 157-950A-36X-1, 91-93 cm; Fig. 2G; Table 2) also has avery
high Ti/Al ratio of 0.13, suggesting a similar source to the thick hy-
brid turbidite. A gray volcaniclastic sandstone at 315 mbsf (Section
157-950A-35X-CC, 36—37 cm; Fig. 2G; Table 2), displays the high-
est Ti/Al ratios measured, at 0.22. Both of these sediments have mod-
erate Fe but very high Cr and Zr contents. Very high Mg/Al ratios
characterize the carbonate sediments within this interval, attaining a
value of 3.4 in the turbidite sand at 324 mbsf. The volcaniclastic
sandstone, on the other hand, displays low Mg but high Si to Al ra
tios.

Turbidite Provenance
Organic-Rich Turbidites

The deposition of organic-rich turbidites at Site 950 began in the
early middle Miocene (~15 Ma), with the first dark-green turbidite,
now at 296 mbsf (two thin, green turbidites occur below this, ~324
mbsf, but these contain negligible C,,). Organic-rich turbidites have
dominated deposition on the MAP since that time.

Organic-rich turbidites display major changes in carbonate con-
tents and other geochemical parameters through the sequence. Depo-
sition on the plain during the middle Miocene was predominantly
thin-bedded, |ow-carbonate sediments with low to medium K/Al and
high Si/Al ratios. Major changes occurred during the late Miocene
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(6-11 Ma), with a progressive increase in bed thicknesses and car-
bonate contents, and a shift toward the deposition of turbidites con-
taining higher K/Al and Mg/Al ratios. Carbonate contents generally
fell dlightly through the latest Miocene to latest early Pliocene (3.5—
6 Ma), atrend accompanied by decreasing bed thicknessesand anin-
creasing dominance of high-K over medium-K sediments, but with
the continued intermittent influx of flows with very low carbonate,
K -depleted compositions. Thelow-K source switched off in the latest
early Pliocene, and deposition during the last 3.5 m.y. has been re-
markably uniform, with deposition being dominated by thick-bed-
ded, high-carbonate, high-K organic-rich turbidites, accompanied by
the occasional input of medium-K beds.

Preliminary interpretation of these trends is that, since the latest
Miocene, organic-rich turbidites have originated predominantly from
achlorite- and illite-rich sediment source area on the northwest Afri-
can continental slope off Morocco (Fig. 1), but with regular input of
more kaolinitic sediment from a southerly source area, probably off
Western Sahara. A third source, possibly a high-productivity arealo-
cated even further to the south, was particularly active during the ear-
ly late Miocene and mid-Pliocene. The less potassic sediments that
dominate the middle and upper Miocene may be aconsegquence of the
increased importance of the southerly source area, and/or climate
change, promoting mineralogical changesin the northern source. Di-
agenetic processes are not considered to be a likely cause of the ob-
served geochemical trends, because pore-water profiles (Schmincke,
Weaver, Firth, et al., 1995) demonstrate minor uptake rather than the
loss of potassium from deeper sediments at Site 950.

\olcanic Turbidites

Pearce and Jarvis (1995) concluded that during the late Quaterna-
ry, high-Ti volcanic turbidites on the MAP were derived from the
younger western Canary Islands (Fig. 1), or possibly the basaltic
complexes of Tenerife, whereas the low-Ti subgroup reflected a
more fractionated vol canic source, and probably originated from the
northern flanks of the central and eastern Canary 1slands.

The oldest members of the volcanic turbidite group at Site 950 are
confined to the early middle Miocene, ~14-16 Ma. These thin-bed-
ded, dark-gray turbidites are lithologically quite distinct from young-
er members of the group and have trace-element—depleted signatures.
Their origin is currently uncertain.

The first thick-bedded, gray volcanic turbidites were deposited in
the mid-late Miocene, ~6.5 Ma. This corresponds to volcanic hiatuses
on Gran Canaria and Fuerteventura, and the early submarine stage of
Tenerife (Schmincke, 1976, 1982, 1994). It has been demonstrated
that Gran Canaria was supplying very little sediment to the deep
ocean at that time (Schmincke, Weaver, Firth, et al., 1995). Low Ti,
Fe, and Cr, and moderate Zr concentrations predominate in the late
Miocene turbidites, pointing toward an evolved volcanic source area,
probably the slopes of Lanzarote or Gomera. However, an increasing
proportion of Ti-rich turbidites were deposited during the early
Pliocene,

A major change in volcanic turbidite geochemistry occurred at the
beginning of the late Pliocene, ~3.5 Ma, with the disappearance of
low-Ti sediments and an influx of common turbidites with very high
Ti/Al and Fe/Al ratios. This points to a major shift toward a more ba-
saltic source area. The island of La Palma was initiated around this
time (Schmincke, 1994), while activity had ceased on Gomera and a
volcanic hiatus was occurring on Tenerife. Gran Canaria was under-
going the development of a large stratocone, with the eruption of al-
kali basalt, trachyte, basanite, and phonolitic lavas and pyroclastics.
It is speculated that the development of the La Palma Shield may
have caused sediment instability on the slopes of the western Canary
Islands, providing a significant sediment source at that time.



Thereisadeclinein Ti/Al and Fe/Al and ageneral increasein Zr/
Al ratios through the subsequent 3.5 m.y., indicating increasing input
of sediment from areas having more evolved volcanic compositions.
La Palma, Tenerife, and, more recently, Hierro, seem likely sources
for the more basic material, with Gran Canaria, Lanzarote, and Fu-
erteventura providing a more fractionated vol caniclastic component.

Calcareous Turbidites

The deposition of thin calcareous turbidites on the MAP has oc-
curred since at least the late Eocene. They occur regularly through the
middle Mioceneto Pleistocenerecord. Prior to thelate Pliocene (~3.5
Ma), geochemical evidence indicates that calcareous turbidites en-
trained significant amounts of basaltic volcaniclastic debris, imply-
ing the active erosion of the westerly seamount chains (Fig. 1), which
are believed to have acted as their source area. Younger turbidites
contain little volcaniclastic material, indicating that the seamounts
have been covered by a pelagic drape since that time.

Other Turbidites

A number of turbidites that do not fall clearly into any of the
above groups have been observed at Site 950. Many of these arethin,
gray turbidites that probably represent the now completely oxidized
members of the organic-rich group. Such turbiditesfall entirely with-
in the geochemical compositional arrays defined by green turbidites.
A smaller number of bedsfall between the main arrays and may have
mixed compositions. The source area of several thick, gray turbidites
with nonvolcanic signatures remain uncertain, and the distinctive
package of middle Miocene green/brown Si-rich turbidites also mer-
its further investigation.

Thick, carbonate-debris flows and cal careous turbidites deposited

CHEMOSTRATIGRAPHY OF MIOCENE-PLEISTOCENE TURBIDITES

rich), carbonate-poor turbidites. The high-K subgroup probably orig-
inated principally from a northern source area on the upper continen-
tal slope off Morocco, whereas high-Al sediments were derived from
the south, off Western Sahara. Climatic changes are also likely to
have modified sediment mineralogy in the competing sources areas.

Volcanic turbidites are volumetrically the second most important
sediment type through most of the sequence, although carbonate tur-
bidites are more frequent. A thin package of thinly bedded dark gray
volcanic turbidites with distinctive trace-element—depleted geochem-
ical signatures was deposited during the early—middle Miocere (14
16 Ma). These are of uncertain affinity. The first typical thick-bed-
ded, Ti-, Fe-, and Zr-rich volcaniclastic turbidites were deposited on
the MAP in the mid-late Miocene, ~6.5 Ma, and probably originated
from the Canary Island slopes of Lanzarote or Gomera. A major
change to turbidites with very high Ti and Fe contents occurred
around the beginning of the late Pliocene (~3.5 Ma), possibly associ-
ated with sediment failure during the early growth of La Palma.
Younger volcanic turbidites display a clear trend toward progressive-
ly more fractionated volcanic sources since 3.5 Ma, although their
wide range of trace-element compositions indicate continued supply
from a variety of different source areas on the Canary Island slopes.

Thin-bedded calcareous turbidites occur throughout the sequence.
They originated predominantly from the seamount chains to the west
of the MAP and, up until the latest early Pliocene, incorporated a sig-
nificant proportion of basaltic material derived from erosion of the
exposed volcanic edifices. Since ~3.5 Ma, these seamounts have been
largely covered by a pelagic sediment drape, which now provides the
main sediment source for calcareous turbidites on the plain.
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