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INTRODUCTION

The main objective of Leg 175 was to reconstruct the Late Neogene
paleoceanographic history of the Benguela Current and associated up-
welling regimes along the southwest African margin between 5° and
32°S. This area is one of the great upwelling regions of the world and
plays an important role in the global ocean—carbon cycle. It is charac-
terized by organic-rich sediments that contain a high-resolution record
of productivity history that is closely linked to changes in regional dy-
namics of circulation, mixing, and upwelling (Wefer et al., 1998). The
Benguela Current region also provides an excellent setting to investi-
gate the early diagenetic processes governing the formation of authi-
genic dolomite. Although unexpected, the discovery of widespread and
pervasive dolomite horizons along the southwest African margin was
one of the principal findings of Leg 175.

Dolomite precipitation within upwelling regimes is stimulated by the
effects of high productivity and occurs early within the uppermost tens
to hundreds of meters of sediment (Garrison et al., 1984; Hay, Sibuet, et
al., 1984; Kastner et al., 1990; Kelts and McKenzie, 1982; Kulm et al.,
1984; Lyle, Koizumi, Richter, et al., 1997; Middelburg et al., 1990; Pis-
ciotto and Mahoney, 1981; Suess et al., 1988). Productivity must be suf-
ficiently high to generate a favorable environment; the microbial
respiration of sedimentary organic matter increases alkalinity and pH of
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pore waters and simultaneously alters Mg-Ca solution and crystal sur-
face chemistries to promote dolomite precipitation (Baker and Burns,
1985; Baker and Kastner, 1981; Compton and Siever, 1986; Compton,
1988; Compton et al., 1994; Hardie, 1987; Mazzullo, 2000; Slaughter
and Hill, 1990; Vasconcelos and McKenzie, 1997). These organogenic
dolomites are distinguished from other types of authigenic carbonates
by having a significant portion of their carbon derived from microbially
degraded organic carbon (Froelich et al., 1979) and are thus character-
ized by §'3C values that deviate strongly from those of normal marine
carbonates (Friedman and Murata, 1979; Irwin et al., 1977; Murata et
al., 1972; Pisciotto and Mahoney, 1981).

Here, we report the occurrence of organogenic dolomite horizons
within organic-rich Neogene and Quaternary hemipelagic sediments
from the southwest African margin. The purpose of this paper is to doc-
ument the mineralogical, compositional, textural, and cathodolumi-
nescent (CL) properties of dolomite horizons. It is not within the scope
of this report to discuss horizon formation in detail. Aspects of horizon
development based on the interpretation of these properties will be the
focus of a subsequent paper.

METHODS

The petrography of dolomite samples was studied using transmitted
light microscopy complemented with back-scattered electron (BSE) im-
aging and microprobe analyses of selected polished thin sections. CL
investigation of specimens was performed using a Nuclide ELM-3R lu-
miniscope coupled to a SPEX 1681 spectrophotometer operating at 2.6
Pa with an excitation voltage of 10 kV. CL photomicrographs were
taken at very long exposure times of 10-20 min because sample lumi-
nosities were extremely low. BSE photomicrographs and energy-disper-
sive X-ray spectra of dolomite phases were acquired with a Philips XL-
30 scanning electron microscope equipped with a Princeton Gamm-
Tech thin-window detector. Fe and Mn contents of dolomite samples
were collected using a fully automated CAMECA SX-50 microprobe op-
erating in the wavelength-dispersive mode, with the following operat-
ing conditions: excitation voltage = 15 kV, beam current = 10 nA, peak
count time = 20 s. Data reduction was done with the “PAP” ¢(pZ)
method (Pouchou and Pichoir, 1985). Chemical formulas were normal-
ized on six anions assuming two carbon atoms per formula unit. Step-
scan X-ray powder diffraction data were collected over the range 3°-
60°26 with CukK, radiation using a Siemens D5000 Bragg-Brentano dit-
fractometer equipped with a diffracted-beam graphite monochronome-
ter crystal, 2-mm (1°) divergence and anti-scatter slits, 0.6-mm
receiving slit, and incident-beam Soller slit. A profile-fitting program
provided by Siemens using the ICDD PDF-2 database was utilized to
identify X-ray peaks. Carbon and oxygen isotope analyses of dolomite
samples were performed at Bremen University. Six to thirteen subsam-
ples were taken from each specimen. Values in the text are averages cal-
culated from individual data sets. Carbon and oxygen isotopic results
are reported in per mil relative to the Peedee belemnite (PDB) standard.
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DOLOMITE OCCURRENCE

Dolomite horizons occur as discrete centimeter-thick layers within
Cenozoic organic-rich hemipelagites from the Angola Basin and Walvis
Ridge and Basin (Fig. F1) (Pufahl et al., 1998; Wefer et al., 1998). In the
Angola Basin, authigenic layers were intersected at Sites 1078 and 1080
within moderately bioturbated Holocene to Pleistocene calcareous clays
containing high proportions of silt and organic carbon of mixed ma-
rine-terrestrial origin (total organic carbon [TOC] values range from
1.11 to 5.35 wt%) (Table T1). The clastic fraction is dominated by silt-
sized grains of smectite, kaolinite, and/or illite, muscovite, quartz, al-
bite, and microcline. Framboidal and subhedral pyrite are common ac-
cessory phases. Sedimentation within the Angola Basin records
moderate levels of productivity within a coastal environment free of
strong fluvial and upwelling influences. Deposition is dominated by the
offshore transport and hemipelagic rain out of silts and clays derived
from vigorous coastal erosion (Berger et al., 1998). Sedimentation rates
are consequently extremely high with maximum values of 60 cm/Kk.y.

Site 1078 is located in 427 m of water between the high-productivity
regions of the Congo River to the north and the Namibia coast to the
south. Several dolomite layers were recovered from this site at depths of
83, 112, and 131 meters below seafloor (mbsf). Three intervals of lami-
nated sediments consisting of intercalated diatom mats and thinly bed-
ded Bouma division DE turbidites were also intersected at Site 1078.
The authigenic layer at 131 mbsf occurs within the upper portion of a
laminated interval. Dolomite horizons at 83 and 112 mbsf occur in
nannofossil-rich clay. Site 1080 is located in 2766 m of water north of
the Walvis Ridge. At Site 1080, much of the late Quaternary record is
missing and dolomite horizons were intersected at shallower depths of
38 and 51 mbsf in Pleistocene nannofossil- and foraminifer-rich clay.
Sediments from Site 1080 represent a disturbed and incomplete hemi-
pelagic succession recording successive episodes of winnowing associ-
ated with stratigraphic condensation. The presence of intervals of
laminated sediment and benthic foraminifers tolerant of low-oxygen
conditions indicates that bottom waters in the Angola Basin have had
persistent low-oxygen concentrations.

Sites 1081 and 1082 are located in 760 and 1279 m of water, respec-
tively, within the Walvis Basin (Table T1). Sediments at each site span
the late Miocene to Holocene and consist of organic-rich (TOC values
range from 0.03 to 16.08 wt%) pyrite-bearing calcareous clays with
varying abundances of foraminifers, diatoms, and nannofossils. As in
the Angola Basin, the clastic fraction consists of silt-sized grains of
smectite, kaolinite, and/or illite, muscovite, quartz, albite, and micro-
cline. Although the sites are seaward of the upwelling center, they con-
tain a strong upwelling signal that has been transported outward from
its coastal zone by eddies and filaments of the Benguela Current. Sedi-
ment accumulation rates at the Walvis sites are typically between 5 and
10 cm/k.y. but can be as high as 20 cm/k.y.

Fifty-three dolomite horizons were found within sediments from
Sites 1081 and 1082. Horizons were identified mainly on the basis of
downhole logging but were verified through samples in cores. Holes
were logged four times. The first tool string (siesmostratigraphy) in-
cluded the spectral gamma-ray (NGT), sonic, electrical induction, and
temperature (TLT) sondes. This combination is useful for describing li-
thology, sedimentary fabric, and degree of lithification. The second tool

F1. Location map of ODP Leg 175
sites, p. 11.

T1. Stratigraphic, compositional,
luminescent, and isotopic data
for dolomite samples, p. 16.
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string (lithoporosity) included the NGT, neutron porosity, gamma den-
sity, and TLT sondes. The third tool string (Formation MicroScanner
[FMS], two passes) included the NGT, inclinometer, and FMS sondes.
The FMS tool string produces high-resolution electrical resistivity im-
ages of the borehole wall, which can be used to study the bedding struc-
tures and diagenetic features. The fourth tool string (geological high-
sensitivity magnetic tool [GHMT]) included the NGT, magnetic suscep-
tibility, and vertical component magnetometer. This string provides a
magnetic stratigraphy of the sediments. Distinct spikes in resistivity,
density, and sound velocity downhole are interpreted as discrete dolo-
mite horizons. Because of their high resistivity, these layers are readily
identifiable by FMS (Wefer et al., 1998). Of the 53 dolomite horizons
identified, only 16 were recovered during drilling.

Site 1084 is located within the Northern Cape Basin, north of Liider-
itz, in 1992 m of water where filaments of cold nutrient-rich water from
the coastal upwelling area mix with lower productivity oceanic water,
producing a zone of intermediate productivity. Sediments range in age
from early Pliocene to Pleistocene and consist of bioturbated clays con-
taining varying abundances of diatoms, nannofossils, foraminifers, and
radiolarians (Table T1). Sediments here contain the highest organic car-
bon contents of any site studied during Leg 175 (TOC values are as high
as 18.01 wt%). Diagenetic activity, as reflected in the ubiquitous pres-
ence of carbon dioxide and methane and in the rapid reduction of sul-
fate within pore waters, is intense; alkalinity concentrations reached a
maximum value of 172 mM, which is the second highest ever measured
in sediments recovered by the Deep Sea Drilling Project (DSDP) or the
Ocean Dirilling Program (ODP) (Murray et al., 1998). Sedimentation
rates vary between 10 and 27 cm/k.y.

Dolomite horizons from Walvis Ridge and Basin and Cape Basin sites
are 10 to 60 cm thick and are restricted to intervals of sediment below
100 mbsf. Two types of dolomite horizons were recovered: lithified and
semilithified (Fig. F2A, F2B). Lithified layers commonly possess a hard | F2.Photomicrographs of dolo-
center that becomes increasingly less cemented above and below. Semi- | mite horizons, p. 12.
lithified horizons are friable and disaggregate easily and were only in- ; _—
tersected at Site 1081; they have high intercrystalline porosities that T
range from 20% to 25%. Porosities of lithified layers are much lower
and are typically between 5% and 7%. A continuum exists between
these two end-members that reflects the relative degree of authigenesis.
There appears to be no obvious relationship between host sediment
composition and horizon type. The lateral extent of horizons is un-
known, but by analogy with similar authigenic carbonate layers that
punctuate compositionally similar Cenozoic strata in the circum-Pacific
region, we assume that layers pinch and swell over a distance of a few
hundred meters (Garrison et al., 1984, and references therein; Pisciotto
and Mahoney, 1981).

No dolomite was found at Site 1083, located only 25 km to the
northwest of Site 1082 but at greater water depth (2200 m). Carbonate
contents at Site 1083 are relatively high (carbonate carbon values range
from 19.8 to 82.2 wt%), and organic carbon values are lower than the
other sites (TOC values range from 1.02 to 5.52 wt%).
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CATHODOLUMINESCENT AND TRANSMITTED
LIGHT PETROGRAPHY

CL microscopy is a complementary technique to standard petro-
graphic methods that has revolutionized the way in which carbonates
are interpreted. Three areas of application are common: (1) making fab-
rics visible that are not visible by standard petrographic microscopy,
such as recrystallization nuclei; (2) “cement stratigraphy,” that is, the
correlation in carbonate rocks by interpreting equally luminescent
zones as diagenetically coeval; and (3) geochemical interpretation of re-
dox-sensitive trace elements incorporated into the crystal structure at
the time of precipiation (Machel, 1985). Mn?* appears to be the most
important element causing luminescence in natural carbonates, be-
cause it is relatively abundant and generates intense emission (Machel
et al., 1991). Fe?* is the single most important element in quenching lu-
minescence (Machel and Burton, 1991; Machel et al., 1991). For a de-
tailed overview of CL and its petrographic applications, the reader is
referred to Barker and Kopp (1991) and references therein. Three types
of dolomite were identified within samples based on their mode of oc-
currence in thin section and CL properties. These are (1) dolomicrite;
(2) blocky, void-filling dolomite; and (3) fine silt-sized, zoned, thombo-
hedral dolomite. These phases record progressive degrees of induration
associated with horizon development and burial.

Dolomicrite

Dolomicrite is the dominant horizon-forming phase and consists of
sucrosic mosaics of interlocking subhedral, equigranular dolomite
rhombs that form olive-green authigenic horizons with a “fitted fabric.”
Rhombs are typically 10 pm in diameter, have grown within pore
spaces as an intergranular cement, and have planar, irregular, compro-
mise crystal boundaries. Hypidiotopic crystalline aggregates commonly
envelop diatom and foraminifer tests, fish bones, subhedral pyrite
grains, and luminescent, pyrite-rich organic blebs (Fig. F2E). Pyrite
grains are a common accessory phase and are commonly enveloped by
a 1- to 2-pm-thick rim of luminescent dolomite (Fig. F2C). Foraminifer
tests are typically well preserved. Recrystallized skeletons are present
only within lithified horizons where the outer margins of shell walls are
altered, forming a thin, luminescent intraparticle lining (Fig. F2D). Fish
bones enveloped by dolomite crystals show evidence of dissolution
along their margins.

Dolomicrites can be divided, based on their CL properties, into lumi-
nescent, weakly luminescent, and nonluminescent varieties. CL spectra
and microprobe analysis indicate that cathodoluminescence is Mn-acti-
vated and Fe-quenched (Fig. F3). Luminescent layers are characterized
by an orange-brown color and a blotchy, mottled texture when viewed
with CL (Fig. F2H). Weakly luminescent dolomicrites are a dull brown-
orange color and exhibit a shift in their emission spectra towards longer
wavelengths caused by crystallographic distortions in the coordination
of Mn?* induced by high quencher concentrations of Fe?* (Machel,
1985; Machel et al., 1991).

F3. CL spectrum showing Mn-ac-
tivated luminescence, p. 14.
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Blocky Dolomite

Blocky dolomite occurs only within lithified dolomite horizons and
becomes increasingly more abundant in samples from deeper strati-
graphic levels. It consists of blocky nonluminescent dolomite crystals
with planar boundaries that infill foraminifer and diatom tests (Fig.
F2F, F2G, F2H). Crystals are larger than those forming dolomicrite,
ranging in size from 15 to 20 pm. In many instances, the intraparticle
pores within tests have been entirely occluded by blocky dolomite.
Blocky dolomite was not observed in semilithified horizons recovered
from Site 1081.

Zoned Dolomite

Zoned dolomite is found only in the Angola Basin at Site 1078
within the interval of laminated sediments at 131 mbsf. It occurs as dis-
seminated, euhedral rhombohedra within the bases of authigenically
cemented Bouma DE turbidites. Rhombs consist of an abraded, detrital
core and an outer authigenic rim. Crystal size is more variable than in
the dolomicrites and void-filling dolomites, typically ranging from 5 to
12 pm.

CL study of zoned dolomites confirms what transmitted light petrog-
raphy suggests, that euhedral dolomite crystals within turbidites consist
of a central core of detrital dolomite and an outer rim (Fig. F2C). Rims
are distinguished from cores by differences in luminescent character
and zoning discontinuities across core margins. Cores typically consist
of concentrically or oscillatory zoned silt-sized dolomite grains. Rims
consist of a single luminescent zone of dolomite 1 to 2 pm thick. These
characteristics are easily viewed by the naked eye under CL but are diffi-
cult to discern in photomicrographs of zoned dolomites because the
small crystal size and long exposure times required prevents adequate
resolution of these features. The common presence of luminescent do-
lomite rims around subhedral pyrite grains and detrital dolomite cores
suggests that dolomite authigenesis commenced in the zone of sulfate
reduction soon after the formation of pyrite. This interpretation is sup-
ported by studies that indicate that iron concentrations within this
zone are maintained at low levels because of its incorporation into di-
agenetic pyrite (Berner, 1984, 1985; Burns and Baker, 1987; Hesse, 1990;
Lyons and Berner, 1992; Murata et al., 1972). Pyrite forms through a se-
ries of metastable reactions when Fe?+, derived from redox-controlled
cation exchange reactions of clay minerals and dissolution of Fe oxides,
combines with sulfide produced from the microbial reduction of pore-
water sulfate. These early diagenetic reactions preclude the incorpora-
tion of Fe?* in dolomite precipitating within the zone of sulfate reduc-
tion, producing the luminescent dolomite rims observed in thin
section.

CRYSTAL CHEMISTRY

Dolomites are calcium rich and have the general chemical formula
Ca 04-1.13(M80.83-094F€0.01-0.04)£0.84-0.98(CO3),. Although CL spectra indi-
cate that CL is Mn-activated, Mn is below the detection limits of the
microprobe and is therefore not included in the general chemical for-
mula. Weakly luminescent dolomicrites contain as much as 3.2x the
amount of Fe as luminescent varieties (Table T2). Blocky dolomite can

T2. Electron microprobe analyses
of iron concentrations in dolo-
mite, p. 17.
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contain ~1.4x the amount of iron as weakly luminescent dolomicrites
and 4.4x the amount of iron as luminescent dolomicrites (Table T2).
The high iron contents of these dolomites reflects their precipitation in
a reducing environment (McHargue and Price, 1982).

X-ray diffractograms of semilithified and lithified authigenic layers
are shown in Figure F4 with hexagonal reference indices (Lippmann,
1973). Diffractograms show sharply defined peaks, including super-
structure reflections. The presence of the (101), (015), (021), and (009)
superstructure reflections (Reeder, 1990) indicates that both lithified
and semilithified horizons are formed of well-ordered dolomite.

Dolomite samples from the Angola Basin, Walvis Ridge and Basin,
and the Northern Cape Basin show extreme enrichment in §'3C values
with values as great as 16.85%o0 and an average 9.39%o (PDB) for 18
samples (Table T1). Following the models of Claypool and Kaplan
(1974) and Irwin et al. (1977), we interpret the “heavy” §'3C values of
dolomite horizons (Table T1) as evidence that after the initial precipita-
tion of dolomite within the zone of sulfate reduction, authigenesis con-
tinued with progressive burial into the zone of methanogenesis, where
the bulk of dolomite was formed. The §'80 signature varies between
2.87%o0 and 6.50%0 (PDB).
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Figure F1. Location map of ODP Leg 175 sites. Solid circles are those with authigenic dolomite horizons.
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Figure F2. A. SEM-BSE photomicrograph showing the texture of a semilithified horizon. Note the high in-
tercrystalline porosity (black) in relation to the lithified horizon and the small microcrystalline dolomicrite
aggregates) in semilithified horizons. Horizon growth occurs through the coalescence of aggregates. The
silt-sized subangular grains are detrital quartz clasts (q). B. SEM-BSE photomicrograph showing the texture
of a diatom-rich lithified horizon. The elongate black areas are siliceous spicules (s). The round black areas
and partially occluded round black areas are diatom tests (d). Note that pore spaces are almost completely
occluded by dolomicrite (light gray color). C. CL photomicrograph of authigenically cemented Bouma DE
turbidites from the Angola Basin. Turbidites are normally graded and have silt-sized detrital grains within
their bases. Zoned dolomite grains (zd) have cores of detrital dolomite (luminescent) or authigenic pyrite
crystals (black) and possess secondary luminescent dolomite rims. D. CL photomicrograph of slightly re-
crystallized foraminifer tests in a matrix of luminescent dolomicirite (dm). The arrow points to the outer
margin of the shell wall where recrystallization has produced a thin luminescent intraparticle lining. E.
Plane-light photomicrograph showing organic-rich blebs (0) and abundant pyrite grains (p) within a matrix
of dolomicrite (dm). This texture is characteristic of dolomite samples examined in this study. F. SEM-BSE
photomicrograph showing a foraminifer test partially occluded by blocky dolomite (bd) in a dolomicrite
matrix (dm). G. Plane-light photomicrograph showing a diatom test partially occluded by blocky dolomite
(bd) in a dolomicrite matrix (dm). H. CL photomicrograph of (G) showing the nonluminescent character
of blocky dolomite and the mottled CL texture of the dolomicrite matrix. The bright specks are silt-sized
grains of quartz that luminesce pale blue. (Figure shown on next page.)
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Figure F2 (continued). (Caption shown on previous page.)
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Figure F3. CL spectrum showing Mn-activated luminescence. The emission of Mn?* in dolomite depends
on the substitution site and is characterized by a main emission band between 590 and 620 nm and a strong
secondary band between 640 and 680 nm (Machel et al., 1991). The first band is the result of Mn?+ substi-
tuting for Ca?*, and the second records Mn?* substituting for Mg?+.
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Figure F4. Typical X-ray diffractograms of semilithified and lithified horizons. Reflections are indexed
based on the hexagonal reference system. Superstructure reflections (101), (015), (021), and (009) indicate
that both semilithified and lithified horizons are formed of well-ordered dolomite. D = dolomite, Q =
quartz, H = halite.
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Table T1. Stratigraphic, compositional, luminescent, and isotopic data for dolomite samples.

Core, section, Water  Present depth of  Lithology of Age of TOC Sedimentation Horizon 313¢c 5180
interval (cm) depth (m) horizon (mbsf)  host sediment host sediment Productivity (Wt%) rate (cm/k.y.) type CL (%0 PDB) (%o PDB)

175-1078C-

13H-1, 43-46 427 111.63 nrsc middle to late Pleistocene Low ~2.3 ~60 Lithified WL 9.37 5.74

15X-2,109-113 427 131.39 nrsc middle to late Pleistocene Low ~3.3 ~60 Lithified WL 8.64 5.78
175-1080A-

7X-1,5-12 2766 50.85 drsc early to middle Pleistocene Moderate ~2.4 ~10 Lithified WL 14.26 5.50
175-1081A-

17X-1,5-12 791 137.05 drc late Pliocene High ~8.2 ~15 Semilithified L -3.63 5.71

19X-1, 0-6 791 155.00 drc late Pliocene High ~5.3 ~9 Semilithified L 3.81 6.19

20X-2, 62-67 791 166.50 drc late Pliocene High ~4.3 ~9 Semilithified L 5.24 5.86

20X-2, 86-89 791 166.70 drc late Pliocene High ~4.3 ~9 Semilithified L 5.10 6.18

20X-2, 92-94 791 168.80 drc late Pliocene High ~3.8 ~9 Semilithified L 5.63 5.89

22X-3,11-15 791 186.50 drc late Pliocene High ~4.0 ~9 Semilithified L 7.64 5.61

22X-3,29-32 791 186.60 drc late Pliocene High ~4.0 ~9 Semilithified L 7.72 5.74

25X-4, 138-141 791 218.05 dbc late Pliocene High ~4.8 ~9 Semilithified WL 7.40 5.71
175-1082A-

15X-1, 0-8 1279 199.96 nrc late Pliocene High ~2.9 ~21 Lithified NL 12.87 6.19

22X-3,114-125 1279 200.20 nrc late Pliocene High ~2.9 ~21 Lithified NL 13.25 5.44

36X-1, 5-14 1279 327.55 nrc late Pliocene High ~2.4 ~10 Lithified NL 11.72 4.19
175-1084A-

18X-1, 0-4 1992 148.35 nrc Pleistocene Moderate ~3.5 ~25 Lithified NL 14.50 6.00

18X-1, 4-8 1992 148.45 nrc Pleistocene Moderate ~3.5 ~25 Lithified NL 16.85 6.50

18X-1, 8-15 1992 149.58 nrc Pleistocene Moderate ~3.5 ~25 Lithified NL 16.44 5.85

48X-1, 28-40 1992 468.55 do Pleistocene Moderate ~3.8 ~10 Lithified L 12.17 2.87

Notes: TOC = total organic carbon, CL = cathodoluminescence, PDB = peedee belemnite standard. Lithology: nrsc = nannofossil-rich silty clay, drsc = diatom-rich silty clay, drc = diatom-rich
clay, dbc = diatom-bearing clay, nrc = nannofossil-rich clay, do = diatom ooze. CL rating: WL = weakly luminescent dolomicrite, L = luminescent dolomicrite, NL = nonluminescent dolomi-

crite. TOC of host sediment at specified depth interval is estimated from onboard calculations.
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Table T2. Electron microprobe analyses of iron concentrations within
weakly luminescent dolomicrite, luminescent dolomicrite, and blocky do-
lomite from various Leg 175 dolomites.

Weakly luminescent dolomicrite Luminescent dolomite Blocky dolomite
Core, section, Core, section, Core, section,
interval (cm) Fe (APFU) interval (cm) Fe (APFU) interval (cm) Fe (APFU)
175-1082A- 175-1081A- 175-1082A-
15X-1, 0-8 0.019 17X-1, 5-12 0.009 22X-3,114-125 0.021
15X-1, 0-8 0.028 17X-1,5-12 0.000 22X-3,114-125 0.021
15X-1, 0-8 0.017 17X-1, 5-12 0.001 22X-3,114-125 0.013
15X-1, 0-8 0.028 17X-1,5-12 0.001 22X-3,114-125 0.022
15X-1, 0-8 0.005 17X-1, 5-12 0.009 22X-3,114-125 0.019
15X-1, 0-8 0.026 17X-1,5-12 0.001 22X-3,114-125 0.026
15X-1, 0-8 0.019 22X-3,114-125 0.034
22X-3,114-125 0.012 175-1084A- 22X-3,114-125 0.017
22X-3,114-125 0.002 48X-1, 28-40 0.013 22X-3,114-125 0.003
22X-3,114-125 0.029 48X-1, 28-40 0.002 22X-3,114-125 0.006
22X-3,114-125 0.014 48X-1, 28-40 0.015 22X-3,114-125 0.006
22X-3,114-125 0.017 48X-1, 28-40 0.001
22X-3,114-125 0.005 48X-1, 28-40 0.017 175-1084A-
22X-3,114-125 0.023 48X-1, 28-40 0.013 48X-1, 28-40 0.023
22X-3,114-125 0.015 48X-1, 28-40 0.001 48X-1, 28-40 0.035
22X-3,114-125 0.011 48X-1, 28-40 0.001 48X-1, 28-40 0.025
22X-3,114-125 0.004 48X-1, 28-40 0.006 48X-1, 28-40 0.015
22X-3,114-125 0.006 48X-1, 28-40 0.002 48X-1, 28-40 0.042
22X-3,114-125 0.025 48X-1, 28-40 0.001 48X-1, 28-40 0.026
22X-3,114-125 0.002 48X-1, 28-40 0.001 48X-1, 28-40 0.023
22X-3,114-125 0.032 48X-1, 28-40 0.001 48X-1, 28-40 0.028
48X-1, 28-40 0.001 48X-1, 28-40 0.003
48X-1, 28-40 0.029
48X-1, 28-40 0.036
48X-1, 28-40 0.027
48X-1, 28-40 0.038
Average: 0.016 £0.010 Average: 0.005 = 0.005 Average: 0.022+0.011

Notes: APFU = atoms per formula unit. Electron microprobe analysis of zoned dolomite was not
possible because of its small crystal size (<12 ym) and disseminated nature.
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