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ISOTOPIC COMPOSITION OF A CALCITE-CEMENTED LAYER IN THE
LOWER JURASSIC BRIDPORT SANDS, SOUTHERN ENGLAND:
IMPLICATIONS FOR FORMATION OF LATERALLY EXTENSIVE
CALCITE-CEMENTED LAYERS

PER ARNE BJORKUM!' anp OLAV WALDERHAUG?
! Statoil, P.O. Box 300, N-4001 Stavanger, Norway
* Rogaland Research, P.O. Box 2503 Ullandhaug, N-4004 Stavanger, Norway

ABSTRACT:  8'80,,, and 63C,, values have been measured on 107 calcite
cement samples from a laterally extensive (> 3 km) and continuous calcite-
cemented layer 0.5 m thick in the coastal exposures of the Lower Jurassic
shallow-marine Bridport Sands in Dorset, southern England. The samples
were taken from a two-dimensional grid with 10-cm horizontal and vertical
spacing between samples and along individual vertical lines across the
calcite-cemented layer. §'80,,, values vary between —4.8%o and —9.2%o
and decrease radially outwards from points with lateral spacings on the
order of 0.5-1 m in the middle of the calcite-cemented layer. The §'30,,,
values therefore indicate that the calcite-cemented layer was formed by
merging of concretions. All 8'3C,,, values measured are in the narrow
range —2.2%o to —0.5%o, which suggests that the dominant source of
calcite cement in the layer was biogenic carbonate.

INTRODUCTION

Several authors have suggested that calcite-cemented layers in sand-
stones may form by merging of concretions (Berner 1980; Fiirsich 1982;
Bryant et al. 1988; Walderhaug et al. 1989; Bjerkum and Walderhaug
1990). If this hypothesis is correct, a systematic spatial variation of §'80
values of calcite cement in a calcite-cemented layer would be expected.
Assuming that no major shifts in oxygen isotopic composition of the pore
water took place during calcite precipitation and that burial depth and
temperature increased with time, original nucleation points (i.e., concre-
tion centers) should have the least negative §'0 values, and the latest
precipitated infill of calcite cement between the locations of original con-
cretions should have the most negative 6'30 values.

Although several authors have presented §'$O values of calcite cement
measured at closely spaced locations across concretions in shales (Coleman
and Raiswell 1981; Coniglio and Cameron 1990; Morad and Eshete 1990:
Scotchman 1991), relatively little data have been published on the detailed
6'0 composition of calcite-cemented concretions in sandstones (Wilkin-
son 1991). Moreover, the published data on calcite-cemented layers in
sandstones are one-dimensional, because analyses have been made along
vertical lines across the calcite-cemented layers (Kantorowicz et al. 1987;
Walderhaug et al. 1989); closely spaced analyses along a two-dimensional
grid have, as far as we know, not been published.

In this study 6'80,pp and 6'3C,pp values for calcite cement were made
in a two-dimensional vertical grid located within a laterally extensive (>
3 km) calcite-cemented layer in the Lower Jurassic Bridport Sands, south-
ern England, in order to determine whether the isotopic data indicate that
the layer formed by merging of concretions.

THE BRIDPORT SANDS

The calcite-cemented layer sampled is located in the coastal exposures
of the approximately 40 m thick Toarcian Bridport Sands (Wilson et al.
1958; Davies 1967, 1969; Melville and Freshney 1982; Bryant et al. 1988)
south of Burton Bradstock in Dorset (Fig. 1). There, the Bridport Sands
consist of bioturbated very fine lower-shoreface sandstone containing
abundant calcite-cemented layers that are either continuously cemented
or consist of stratabound concretions (Davies 1967; Kantorowicz et al.
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1987; Bryant et al. 1988; Walderhaug et al. 1989). The calcite-cemented
layers make up 20-25% of the thickness of the formation, are up to 75
cm thick, and are separated from each other by layers of friable nonce-
mented sandstone 0.2-3 m thick. The Bridport Sands south of Burton
Bradstock conformably overlie the alternating thin marine mudstone and
limestone strata of the Toarcian Down Cliff Clay and are overlain by the
limestones of the Bajocian Inferior Oolite.

The burial history of the studied exposures of the Bridport Sands is not
known with certainty, but the friable nature of the carbonate-cement-free
layers and the general lack of quartz overgrowths suggest that burial depth
has not exceeded 2-3 km. Porosities of the friable sandstone are 15-37%
with a mean of 26% (Davies 1967), which also suggests maximum burial
depths of less than 3 km. In the Winterborne Kingston borehole and in
the Wytch Farm Oil Field, 40 km and 50 km east of the studied exposures,
respectively, the Bridport Sands are now about | km below the surface
(Knox et al. 1982; Colter and Havard 1981), but present burial depths are
up to 2.5 km south of the Purbeck Fault Zone 5 km south of the Wytch
Farm Oil Field (Colter and Havard 1981). The Bridport Sands were up-
lifted in the Tertiary by Alpine compression.

METHODS

Seventy-five of the 107 samples examined were collected from a 10-
cm-interval vertical grid 40 cm high and 140 cm long (Fig. 2). In addition,
the same calcite-cemented layer, approximately 23 m above the base of
the Bridport Sands, was sampled with a 5-cm spacing along three vertical
lines located 3.7 m (10 samples), 81.75 m (10 samples) and 82.0 m (12
samples) west of the first 75 samples. Samples approximately 0.1 cm® in
volume were removed with a hammer and chisel. The samples did not
show significant alteration due to weathering, although slight differences
in color, which correspond to differences in §'0,p, values of the calcite
cement, are apparent. Most of the sampled layer is gray, whereas roughly
spherical areas in the central part of the layer are lighter gray to pale
brownish white. No open or healed fractures were seen within the sampled
grid or at the other sample locations.

Each sample of calcite-cemented sandstone used for isotopic analysis
was powdered and heated at 400°C for 4 hr to remove any organic matter.
The samples were then reacted with phosphoric acid in vacuum for 2 hr
at 25°C, and the CO, produced was cleaned through a cold trap (—80°C)
before analysis on a Finnigan Mat 251 mass spectrometer. The 5'50 and
6'3C values are presented in %o relative to the PDB standard. Analytical
uncertainty is approximately + 0.1%.

In addition to the samples for isotopic analyses, 11 samples were Ben
for thin sections. Two samples (A30 and B31) were taken from the calcite-
cemented layer, one sample was taken in uncemented sandstone 0.9 m
above the calcite-cemented layer, and the last 8 samples were taken from
calcite-cemented layers and concretions 1 m, 1.8 m, 2 m, 3 m, and 20 m
below the calcite-cemented layer studied. Two thin sections were stained
for carbonates with Alizarin Red S and potassium ferricyanide and for
K-feldspar with sodium cobalt nitrite, and three thin sections were pol-
ished for examination in the cathodoluminescence mode. All thin sections
were examined with a standard polarizing microscope and in ultraviolet
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(Above) Fic. 1.—Coastal exposure of the Bridport Sands south of Burton Bradstock, Dorset, England. Sampled layer (0.5 m thick) marked by arrow. CIiff is
approximately 25 m high.

(Below) Fic. 2.—Close-up view of calcite-cemented layer sampled. Samples were taken at the intersections of the vertical and horizontal lines, i.e., with 10-cm
vertical and horizontal spacing. Smallest intervals on scale = 1 cm.
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and blue light with a fluorescence microscope and point counted with 300
points per thin section. We searched for fluid inclusions in the calcite
cement, but none were detected.

PETROGRAPHY

The calcite-cemented samples point counted contain 38-70 volume %
siliciclastic material, 26-59% ferroan calcite cement, around 2% carbonate
fossil fragments, up to 5% porosity, and minor iron-oxide cement (Table
1). Porosity and iron oxide has probably formed during recent weathering.
Quartz is the dominant siliciclastic grain type, accounting for 30-56% of
sample volumes; 1-6% K-feldspar is present together with traces of pla-
gioclase, 1-5% muscovite, around 1% biotite, trace amounts of heavy
minerals and chlorite, and up to 17% detrital clay. Detrital clay is mostly
present as dispersed matrix, and to a lesser degree as clay clasts. Recog-
nizable carbonate fossils include small (< 0.2 mm) fragments of bivalves
and/or brachiopods and crinoids; rare phosphatic fossil fragments are also
present. Diagenetic components other than calcite cement and recently
formed iron oxide are restricted to glauconite within rare pellets plus a
few pyrite framboids and pyrite cement specks. Pyrite is engulfed within
calcite cement, indicating pyrite precipitation prior to calcite cementation.
The observed petrographic composition agrees closely with the petro-
graphic description given previously for the coastal exposures of the Brid-
port Sands by Davies (1969).

Staining of thin sections, and previously published trace-element data
(Walderhaug et al. 1989), show that the calcite cement in the exposures
studied is ferroan. Both poikilotopic and finely crystalline calcite is present.
Both morphologies may be present within a single calcite-cemented layer,
but only poikilotopic calcite was found in the layer analyzed isotopically.
Cathodoluminescence and fluorescence microscopy do not reveal any zo-
nation within the calcite cement or more than one generation of calcite
cement in any of the samples. The calcite cement is almost nonfluorescent
and shows a homogeneous orange cathodoluminescence. Carbonate fossil
fragments show approximately the same orange luminescence as the calcite

cement and are often difficult to distinguish from cement. The volume of
calcite cement determined by point counting may therefore be too high
in some samples. No fractures, open or filled by calcite, were detected in
any of the thin sections.

RESULTS OF ISOTOPIC ANALYSES

The 6'*Oppp, values recorded range from —9.2%o to —4.8%0, whereas
the 6'3Cppy values are confined to the narrow range from —2.2%o to
—0.5%. 6'*0 values do not vary randomly within the sampled grid: values
less negative than —7.9%o were found only within three areas in the grid
(Fig. 3), and these three areas show a radial decrease in 6'80 values from
—5.3%0, —6.1%0, and —6.4%o at the centers. The three areas with the
least negative 6'*0 values correspond to areas with a light gray to pale
brownish-white color in the central part of the calcite-cemented layer.

The range of 6'*O,y,, values recorded along the vertical transects 3.7
m, 81.75 m, and 82.0 m west of the sampled grid is approximately the
same as in the two-dimensional grid, i.e., from —4.8%0 to —9.2%o as
compared to —5.3%o to —9.1% for the grid. Two of the vertical profiles
show a considerable variation in recorded 6'*0 values, with the least
negative values in the central parts of the calcite-cemented layer, and are
roughly symmetrical from the middle of the layer and outwards. The third
profile shows little variation in 6'#0 values: all measurements fall in the
range —8.2%o to —8.8%o (Fig. 4). Lighter coloration of the calcite-ce-
mented layer corresponds to 6'*0O values less negative than approximately
—8% in the vertical transects, as was the case for the analyses in the two-
dimensional grid. The results from the vertical profiles are very similar
to two previously published vertical isotopic profiles through a calcite-
cemented layer in the Bridport Sands (Walderhaug et al. 1989).

DISCUSSION

The 6'*0 data (Fig. 3) may indicate that the calcite cement nucleated
at points with lateral spacings on the order of 0.5-1 m within the central
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Fi6. 4.—6'*Oppy values (in %o) of calcite cement samples taken along vertical
lines across the same calcite-cemented layer as in Figures 2 and 3. Sample locations
are (a) 82.0 m, (b) 81.75 m, and (c) 3.7 m west of the left-hand (= westernmost)
column of the grid in Figure 2.

part of the calcite-cemented layer. The decrease of §'%0 values outwards
from the probable nucleation points suggests further that calcite cement
subsequently grew outwards from these nucleation points as individual
concretions until the concretions merged to form a continuous layer. Fur-
thermore, the similarity of the 6'*O values, in both absolute values and
trends, at different locations within the calcite-cemented layer (compare
Figures 3 and 4) suggests that calcite cementation proceeded contempo-
raneously and by the same growth mechanism throughout the layer. The
0"3Cppp values measured (—2.2%o to —0.5%o) are close to the 6'3Cppp
values typical of marine biogenic carbonate (e.g., Hudson 1975), which,
together with the presence of carbonate fossil fragments, suggests that
biogenic carbonate was the dominant source of the carbon in the calcite
cement. Slightly negative 6'3C,,; values may, however, also suggest a
minor influx of CO, from the underlying marine mudstones.

If the calcite cement precipitated from pore water with a 6'80,,, value
equal to the probable value for Jurassic sea water, i.e., — 1.2%0 (SMOW)
(Shackleton and Kennett 1975), then calculated temperatures of precipi-
tation (O’Neil et al. 1969) are in the range 35-60°C. A lighter isotopic
composition of the pore water, e.g., more influenced by meteoric water,
would give lower temperatures, approximately 20-40°C for a pore water
composition of —4%o (SMOW). The dominance of 6'80,, values be-
tween —8.0%o0 and —9.2%o suggests that most cementation took place
within the higher parts of the suggested temperature ranges.

The suggested interpretation of the radial decrease in the measured 6'80
values is based on the assumptions that no major shifts in the oxygen
isotopic composition of the pore water took place during calcite precipi-
tation and that temperature increased with time during cementation due
to increasing depth of burial. The calcite-cemented layer is now exposed
at the surface, and the assumption of increasing burial depth, and therefore
temperature, as calcite cementation progressed is obviously somewhat
uncertain, because calcite cementation may not have been complete before
uplift started. Furthermore, data constraining the evolution of the oxygen
isotopic composition of the pore water during calcite cementation is lack-
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ing. However, even if both significant shifts in isotopic composition of
the pore water and uplift with associated temperature decrease took place
during precipitation of the calcite cement, the fact still remains that the
recorded 6'*0 values decrease symmetrically outwards from points in the
middle of the layer. This observation seems very difficult to explain by
mechanisms other than radial growth and subsequent merging of concre-
tions, and it is of subordinate importance for the suggested growth mech-
anism whether the radial variation in 6'30 values is due to a temperature
increase during calcite precipitation, a change in isotopic composition of
the pore water during precipitation at a relatively constant temperature,
or a combination of these factors.

No open or healed fractures are present within the sample grid, and
resetting of isotopic values due to fracturing during uplift and precipitation
of calcite cement in the fractures can probably be excluded as a cause of
the observed spatial variations in 6'80 values. It might also be suggested
that 6'80 values could be reset without fractures being present, and that
a calcite-cemented layer that for instance originally had approximately the
same 6'%0 values throughout would after resetting show a vertical vari-
ation in 6'*0 values from the center and outwards, as recorded in two of
the vertical profiles (Fig. 4A, C). Such a mechanism would not, however,
explain why there is a similar variation in 6'80 values horizontally (Fig.
3). It is also significant that the coastal exposures of the Bridport Sands
contain numerous layers of stratabound calcite-cemented concretions, which
according to the model of calcite cementation presented by Bjerkum and
Walderhaug (1990) represent layers in which the supply of biogenic car-
bonate was exhausted before concretions could merge to form a continuous
calcite-cemented layer.

CONCLUSIONS

The observed radially symmetrical decrease in 6'#0 values for calcite
cement outwards from points in the central parts of the calcite-cemented
layer studied suggests that laterally extensive and continuous calcite-ce-
mented layers may form by radial growth and merging of concretions in
the manner suggested by Fiirsich (1982) and Bjerkum and Walderhaug
(1990). Almost identical 6'#0 values and trends in 6'#O values at different
locations within the calcite-cemented layer suggest that cementation took
place at the same time and by the same mechanism throughout the layer.
Measured 6'*Cyy, values are close to zero and point to biogenic carbonate
as the source for the calcite cement.
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