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LITHOLOGY AND ORIGIN
OF MIDDLE ORDOVICIAN CALCAREOUS MUDMOUND
AT MEIKLEJOHN PEAK, SOUTHERN NEVADA

By Reusen James Ross, Jr.,
Varpar Jaanusson', and Irvine Friepman

ABSTRACT

The large dome-shaped (300 m wide by 80 m high) calcareous mud-
mound at Meiklejohn Peak is the largest and most accessible of three
such Ordovician mudmounds in southern Nevada. It has been studied
in hopes of deciphering the origin of zebra limestone which forms its
base and of Stromatactis which is abundant in the main, virtually un-
stratified, core of the mound. The mudmound is completely enclosed
within the Middle Ordovician Antelope Valley Limestone; it is un-
derlain by calcarenite and poorly laminated limestone of the Paiute
Ridge Member. Silty limestone of the Ranger Mountains Member in-
tertongues with the lower third of the mound and abuts against and
completely covers its higher parts.

Cyclic laminated zebra limestone that forms the lower part of the
mudmound is characterized by repeated sequences of three, or two,
distinctive calcilutites. Radiaxial fibrous calcite separates some cycles;
in these the third calcilutite tends to be missing. The origin of zebra
limestone may be variously attributed to formation of submarine
hardgrounds, to parallel shear cracks, to displacive precipitation, or to
the precipitation of radiaxial fibrous calcite in parallel cavities of in-
credible extent. Some radiaxial calcite may have filled cavities but
most resulted from recrystallization or neomorphic aggradation of
other preexisting metastable carbonate.

It seems likely that origin of the zebra limestone was linked to algal
mats in light of geologic and geochemical evidence.

The core of the mound is composed of 40-60 percent calcareous mud,
20-60 percent sparry calcite, and 4-11 percent skeletal sand.
Stromatactis is a prominent constituent of the sparry calcite.
Regardless of the origin of Stromatactis as such, the radiaxial fibrous
calcite crystals are the result of diagenetic change. The calcareous mud
of the mound comprises at least two and possibly three generations.
Within skeletal sand, echinoderms predominate; spicules, possibly of
sponges, are second in abundance. Ostracodes outnumber trilobites.
Neither bryozoans nor any other organism seems to have been present
in numbers adequate to bind the mound sediments together.

Stromatactis seems to represent cavity fillings. The radiaxial mosaic
of Stromatactis was fully developed before the mound had ceased to
grow. This indicates an early lithification of the mound.

Examination of isotopes of oxygen and carbon indicates that
calcilutites and radiaxial fibrous calcite formed in the same seawater.
No evidence for fresh vadose water is present.

'Naturhistoriska Riksmuseet, Stockholm, Sweden.

INTRODUCTION

Three Middle Ordovician carbonate mudmounds are
known in southern Nevada (localities shown in fig. 1, this
report; Ross and Cornwall, 1961; Ross, 1972, fig. 1).
These mounds resemble somewhat younger Ordovician
features in the Siljan district, central Sweden
(Thorslund, 1936; Thorslund and Jaanusson, 1960, p. 24-
35), and Carboniferous “knoll reefs” of northwest and
west-central Ireland (Schwarzacher, 1961; Lees, 1964).
Development of sparry calcite in the main part of the
biggest of the Nevada mudmounds may have some rela-
tion to structures called Stromatactis, well known in
middle and upper Paleozoic mudmounds in Western
Europe (Black, 1952; Bathurst, 1959; Schwarzacher,
1961; Lees, 1964; Jaanusson, 1975). In the basal part of
the Nevada mound there is enigmatic, thinly in-
terlayered calcilutite and sparry calcite which together
resembles “‘sheet spar” described by Lees (1964, p. 523-
524) and “zebra limestone’ described by Fischer (1964,
p. 115, figs. 15, 17, and 18).

At least three generations of sparry calcite are present.
In the early phase of development there were two
generations, one producing Stromatactis and the other
producing the laminar sparry calcite near the base.

Limestone boulders, some of prodigious size, are
known in southern Quebec (Mystic conglomerate)
(Cooper, 1956, p. 14, 15, 31) and at Lower Head, western
Newfoundland (Whittington, 1963, p. 7). Although no
Stromatactis has been reported in them, some of these
boulders are composed of limestone seemingly very
similar to that in the main body of the Nevada mud-
mounds and the fossils obtained from them are so
similar that their temporal correlation seems obvious
(Cooper, 1956, p. 15, 31; Whittington, 1963; Ross, 1967,
1970, 1972). Fossils from beds surrounding these
boulders in Newfoundland corroborate the correlation
with beds covering the Nevada mudmounds.
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FIGURE 1. — Map of Nevada showing location of Nevada Test
Site. Coevally formed Middle Ordovician mudmounds are
known at Meiklejohn Peak and near Aysees Peak.

The largest and most readily accessible Nevada mud-
mound is on the west face of Meiklejohn Peak, Bare
Mountain quadrangle, 6 miles east of the town of Beatty,
Nev. (fig. 2; Ross, 1972, fig. 2).

Cephalopods from this mound have been studied by R.
H. Flower; a stratigraphic resumé of the fossils of the
mound and covering beds, as well as descriptions of
brachiopods and trilobites, was presented by Ross (1967,
1972). Krause (1972) studied the inarticulate
brachiopods of the mudmound and the covering beds; he
concluded that infaunal lingulides preferred the covering
beds, whereas abundant acrotretids probably were at-
tached to algae on the mound. The numerous complete
bivalved acrotretids indicate that the upper part of the
mound was deposited in relatively quiet water. A
Master’s thesis by Elizabeth Stilphen Yancey (1971),
mentioned this locality.

PURPOSE OF REPORT

It is our purpose to describe the calcareous mudmound
at Meiklejohn Peak in more detail than has been
attempted previously (Ross, 1972), to compare it with
similar structures in Europe with which Jaanusson has

the greater familiarity, and to describe and speculate
about the origins of various kinds of sparry calcite and
about origins of the mound itself.

The origin of the carbonate mudmound at Meiklejohn
Peak has been enigmatic ever since the mound was first
reported (Ross and Cornwall, 1961). Though it con-
stitutes only a small part of the total volume, the origin
of the basal zebra limestone facies has been particularly
puzzling.

Most colleagues knowledgeable in the study of car-
bonates with whom we have discussed possible origins
have urged us to consider the high proportion of radiax-
ial fibrous calcite as the filling of former cavities. But
all those who have accompanied us to the mound have
agreed that, geologically and mechanically, cavities
amounting to 60 percent of the volume of the basal facies
are unreasonable and that the spar must have preferen-
tially replaced some other material.

It is our belief that the kinds of deformation shown by
the laminated zebra limestone must have taken place
prior to lithification and that many of these reflect
earlier topography over which consecutive parallel
laminae have been draped.

In the main body of the mound Stromatactis accounts
for about 20 percent of the volume. Some of it may have
filled cavities but at least part replaced preexisting car-
bonate mud.
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in foreground (fig. 4). Mudmound is about 300 m

FIGURE 3. — Meiklejohn Peak and the mudmound as seen from relay station hill one-half mile to the west. Secret Pass lies

(1,000 ft) wide and 80 m (270 ft) high.
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A. Wilson. R. E. Miller made a biochemical analysis of
the laminated facies and established the presence of
fatty acid and lipids.

At the 1971 annual meeting of the Geological Society
of America (Washington, D.C.) and at the 1972 annual
meeting of the American Association of Petroleum
Geologists (Denver, Colo.), we discussed most features of
the mound with many geologists, among them M. J.
Brady, John Harper, James Lee Wilson, Graham Davies,
P. N. Playford, Perry Roehl, H. Zankl, Richard Rezak,
Robert Dunham, P. W. Choquette, and R. W. Beales.

Jaanusson and Ross were joined in an examination of
the mound on August 2-3, 1972, by Nils Spjeldnaes, C.
P. Hughes, R. A. Fortey, J. L. Henry, and L. R. M.
Cocks. P. E. Cloud, Jr., joined Ross in a visit to the
mound on April 14, 1973.

GENERAL DESCRIPTION AND
GEOLOGIC SETTING OF THE MUDMOUND

As shown by Cornwall and Kleinhampl (1961) the
geologic setting of the carbonate mudmound at Meikle-
john Peak is complex. The mound and surrounding
strata are tilted tectonically with dips of 45° toward the
east-northeast (fig. 2; Ross, 1972, fig. 4). The underlying
calcarenitic limestone north of the mound has been dis-
placed by a steep normal fault (Ross, 1972, fig. 3). The
entire Ordovician section has overridden Devonian
dolomite on a thrust fault.

All three known Ordovician carbonate mounds in
southern Nevada lie above limestone of the Paiute Ridge
Member and within the Ranger Mountains Member
(Byers and others, 1961), both constituting the lower
member of the Antelope Valley Limestone (Ross, 1967,
pl. 11). Immediately covering each mound is thin-
bedded, silty, nodular limestone. As shown by Ross
(1972) the mounds lie within the Orthidiella zone; cor-
relations by McKee, Norford, and Ross (1972) indicate
that this zone is equivalent to the graptolite zones of
Isograptus caduceus and Paraglossograptus etheridgei.

The exact geometry of the carbonate mudmound is not
known. In fact, we do not know what part of the mound
is exposed to view, how much may be buried by covering
sediments, or how much may have been eroded away.
The exposed section suggests that the bottom is nearly
flat, and that the mound is thickest in its middle and
thinnest at the sides. It is about 300 m (1,000 ft) across
its greatest visible dimension and 80 m (270 ft) high
(figs. 3, 4).

The laminated zebra limestone at the base of the
mound is underlain by interbedded coarse calcarenite,
dark-gray, silty, nodular limestone, and crudely
laminated, partly stylolitic limestone; this underlying
unit is about 9 m (30 ft) thick and can be followed ap-
proximately 0.9 km (0.6 mi) northward above the

Ninemile Formation. This unit is equivalent to the
Paiute Ridge Member of the Antelope Valley Limestone
on the Nevada Test Site.

Although another mound is present at the same
stratigraphic level east of the Nevada Test Site (Ross
and Cornwall, 1961), its exposure is much smaller and it
seems to lack the basal zebra limestone facies. We do not
know whether that exposure represents a lateral tip of a
large mound or the center of a small mound; the
laminated facies may be present but hidden from view.

The mound at Meiklejohn Peak shows evidence of
several generations of fracturing, the details of which
have not been explored. Clearly a system of cavities
opened after formation of radiaxial fibrous calcite in the
core and in the basal laminated beds. In many places
cavities are filled with brown-weathering material. The
cavities resemble distal parts of postdepositional fissures
which are known in most other carbonate mounds. Such
fissures are particularly conspicuous in the mounds of
the Siljan district, Sweden, because they are filled by
black graptolite shale. Within the core of the Meiklejohn
Peak mound one can find several patches of intrafor-
mational conglomeratic material; it is also common in
similar carbonate mounds elsewhere.

The mound core is composed mainly of Stromatactis-
bearing calcilutite which shows only slight evidence of
bedding. Some channels or pockets are filled with shells
of cephalopods, brachiopods (particularly Idiostrophia),
trilobites, and gastropods. In the upper part of the core
Stromatactis constitutes about 20 per cent of the volume
of the rock.

The entire basal part of the core is laminated
limestone composed of couplets of calcilutite (micrite)
and radiaxial fibrous calcite. Each couplet is 6-10 mm
thick. Following the example of Fischer (1964, p. 115),
we call this basal facies zebra limestone. The aggregate
thickness of the facies is highly variable, in some places
being 20 ¢cm and in others 9 m.

Covering the mound are thin beds of siliceously silty,
highly fossiliferous, partly nodular, dark-gray limestone,
whose silty parts weather grayish orange. Here and there
in the lower third of the Ranger Mountains Member this
lithology forms tongues into the mass of the mudmound.
Two probable channels in the mound seem to have been
filled by it. But the covering beds, particularly in the up-
per part of the mound, butt against the sloping sides of
the mound and at the top cover it.

Lithology of the part of the Ranger Mountains
Member that forms the mound cover (Orthidiella zone)
was studied by Jaanusson in thin sections of a series of
samples collected at the northern end of the mound.
Jaanusson found that the covering limestone is
preponderantly a sparitic calcarenite with the former
voids between sand grains partially or completely filled
with sparry calcite. Most of the limestone is a pelletal,
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sparitic calcarenite in which the majority of sand grains
are cryptocrystalline pellets, mostly 0.08 to 0.2 mm in
diameter. During deposition, the pellets were obviously
indurated. The pelletal sand includes varying amounts
of skeletal sand grains which dominate in some thin sec-
tions and form skeletal sparry calcarenite. The para-ax-
ial sparry calcite has to a large extent assimilated adjoin-
ing parts of skeletal grains making it difficult to deter-
mine the original grain boundaries. Therefore, it was im-
possible to apply modal analysis for quantitative deter-
mination of original sand constituents.

In some places, the matrix is micritic, the interstices
between sand grains being filled with carbonate mud,
but such rock (micritic calcarenite) seems to be quan-
titatively less important than sparitic calcarenite.
Radiaxial calcite was not observed in any of the thin sec-
tions studied. The irregular, argillaceous intercalations
between limestone beds abound in quartz silt grains,
mostly 0.02 to 0.06 mm in diameter.

Jaanusson found that the limestone covering the
mound is very different from that of the mound core. He
concluded that a considerable winnowing of the sedi-
ment occurred and that deposition was in an environ-
ment with a much higher water energy than that during
which the mound core was formed.

LITHOLOGY

Each lithologic facies of the mudmound was examined
in thin section. Because its origin is highly controversial,
the zebra limestone was subjected to other analyses. A
semiquantitative spectrographic analysis was run by A.
T. Myers. The laminae of calcilutite and radiaxial spar
were analyzed for the isotopes of oxygen and carbon by
Friedman. Insoluble residue was examined and iden-
tified by R. E. Wilcox and B. F. Leonard III. A sample
was subjected to X-ray fluorescence and microprobe
analysis by Ronald C. Surdam of the University of
Wyoming.

Representative thin sections of samples from the core
of the mudmound were examined in detail by V. Jaanus-
son.

LAMINATED LIMESTONE (ZEBRA LIMESTONE)
By REUBEN JAMES ROsS, JR.

GEOLOGIC RELATIONS

At the north end of the carbonate mound, about 30
feet (9 m) of the zebra limestone is strikingly exposed
(fig. 5; Ross, 1972, fig. 6). Some individual laminar
couplets may extend laterally for tens of feet (more than
3 m) without break, but others are of much shorter ex-
tent. Lateral terminations of couplets are sedimentary
rather than tectonic and account for variations in
thickness of the laminated facies along the bottom of the
mound.

Although the laminated limestone forms the base of

the mound core, it also occurs in restricted areas higher
along the edges of the core. Wherever core mud has been
deposited over channels or tongues of dark, silty
limestone of the covering lithology the initial phase of
mound deposition is laminated. An example was called
to our attention by A. J. Rowell and F. F. Krause (Oct. 6,
1971) about 80 feet (25 m) above the base and 200 feet
(61.5 m) from the south end of the mound (USGS colln.
D2334 CO; fig. 6).

In one place near the middle of the base where the
laminated rock totals about 35 ¢cm (1.2 ft) in thickness,
two flat segments are connected without interruption by
a quasi-flexure as if a very thick carpet were draped over
a single step, the riser of which is also about 35 ¢cm (1.2
ft) high. No fracture or tectonic displacement accounts
for the flexure.

Close to this place, about 3 m (10 ft) above the bottom
of the mound, Professor Nils Spjeldnaes (Aug. 3, 1972)
noted that the zebra limestone facies was interrupted by
a cavity which itself was filled with shells of about 30
nautiloid cephalopods and three generations of car-
bonate mud and sparry calcite. The visible, lens-shaped
cross section of the cavity was almost 1 foot (30 ¢cm) in
height and 2 feet (60 cm) in width. Cephalopods were not
confined to the youngest part of the cavity although the
majority were ‘“‘nested”’ therein. This disparity indicates
that the laminated zebra facies had already formed early
in the depositional and diagenetic regime because the
cephalopods are the same as those found in the zebra
limestone about 60 m (200 ft) farther south (R. H.
Flower, written commun., 1972).

CALCILUTITE LAYERS

The laminated limestone exemplified by USGS colln.
D2325 CO is composed mostly of alternating layers of
calcilutite and of radiaxial fibrous calcite (fig. 7). Any
attempt to categorize the kinds of calcilutite present or
its relations with the radiaxial mosaic runs into complex-
ities that defy simple interpretations. Any description of
this rock seemingly involves speculation about its
origins.

In the simplest form, each layer of calcilutite consists
of two parts (fig. 8):

1. A lower fossiliferous calcilutite (ca;), the upper and
lower surfaces of which are highly irregular. Fossil
material is contributed by ostracoda, trilobita, and
echinodermata. Attitudes of fossils parallel layers
of calcilutite (fig 9) except where ca, is flexed or dis-
rupted; there, fossils may rest at angles highly
canted relative to the attitude of the laminae (fig.
10).

2. An upper pelletoid calcilutite (cas) in which the
diameter of the pelletlike particles is about 0.05
mm. This material seems to fill depressions in the
upper surface of the fossiliferous calcilutite. In
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FIGURE 5. — Cyclically laminated zebra limestone. This lithology is exposed through a thickness of 20 cm to 9 m (1-30 ft) along
the base of the mound.

many cases all depressions are filled and a flat sur- | (cas) locally appears crossbedded with pelletoid material

face results (figs. 7, 8). (fig. 12) or intergrading with pelletoid calcilutite. Its

In other places, a third, more homogeneous, unfos- | usual position is above the pelletoid material (ca:) and

siliferous, equigranular calcilutite (cas) is present above | below the next higher fossiliferous calcilutite (ca:) (figs.
the pelletoid mud (caz) and seems to hold the position of | 11, 13).

the radiaxial fibrous spar (fig. 11). This third calcilutite The zebra limestone is remarkable for its constant
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FIGURE 6. — Polished section of zebra limestone from south side of mound high on flank. All three calcilutites (cai, ca,, and ca;) are de-
veloped. Disruption and deformation took place while ca, and ca; were saturated with water and hence semifluid. ca; was more coherent,
but not lithified. Radiaxial fibrous calcite (rax) formed only along bottom contact of ca;. Section illustrated in figure 40 cut along indic-

ated line. USGS colln. D2334 CO.

cyclicity whether at the bottom of the mound (figs. 7, 14)
or above intertongued sediments higher on the sides of
the mound (figs. 6, 11). I estimate that at the north end
there are 900 cycles present within a thickness of 9 m.

It should further be noted that when present the
radiaxial fibrous calcite discussed below invariably oc-
curs at the bottom contact of calcilutite ca, further
emphasizing the cyclic nature of the rock.

From the zebra limestone Jaanusson made a modal
analysis of four separate layers of calcilutite ca; in thin
section after visiting the mound in 1972. (For method see
Jaanusson, 1972.) He found that the mean values of the
main constituents are (1) matrix, 95 percent (range,

92-97 percent); (2) para-axial calcite, 2 percent (range,
0.1-3 percent); and (3) skeletal sand, 3 percent (range,
1-6 percent). Compared with the bulk of the limestone in
the massive mound core (mean values for matrix, 56 per-
cent; para-axial calcite, 21 percent; radiaxial calcite, 16
percent; and skeletal sand, 7 percent), the absence of
radiaxial calcite and the low values of para-axial calcite
in calcilutite ca, of the zebra limestone are particularly
noteworthy. Qualitative examination of peels and thin
sections—too thick for a reliable modal analysis—of
other ca, layers suggests that these data are fairly
representative.

The average amount of skeletal sand is less in
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FIGURE 7. — Large section of laminated zebra limestone, showing
cyclic nature. Calcilutite ca, is fossiliferous; ca; is pelletoid and fills
hollows in top of ca;. Radiaxial fibrous calcite (rax) in every example
is immediately below calcilutite ca;. In the bottom of rax, a thin tier
of clear radiaxial calcite (tr) is common. Compare with figure 8.
USGS colln. D2325 CO.

FIGURE 8. — Cyclic laminae. Depressions in upper surface of
fossiliferous calcilutite (ca;) are filled or covered by pelletoid
calcilutite (ca»). Space along median seam in radiaxial fibrous
calcite (rax) opened during preparation of thin section. Lower tier
(tr) of radiaxial calcite is well defined by micritic peloids along its
top. USGS colln. D2325 CO.

K e i

FIGURE 9. — Pelletoid material within radiaxial fibrous calcite (rax)
is cut by median seam. Seam may be a secondary feature. Pelletoid
material would not have been deposited unsupported in middle
and upper half of cavity but could be relict calcilutite, partly con-
verted by aggrading neomorphism. F, fossils. Thin section. USGS
colln. D2325 CO.
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FIGURE 10. — Disrupted layers of zebra limestone contrast with those

shown in figure 7, which are less than 60 cm distant. Orientation of
fossils in disrupted layers of calcilutite ca; might be interpreted to
indicate that calcilutite ca; was divided by vertical crevices. USGS
colln. D2325 CO. A, Thick section illustrating fluid appearance of
calcilutite (cas) between torn layers of ca;. Orientation of large fossil
fragment (F) in center of section agrees with that of small fossils in B
and C. B, Small part of section near top of A. Cross sections of fossils
(F) are oriented at high angles to enclosing layers of calcilutite ca,
therein contrasting with fossils in figure 9. Radiaxial calcite (rax and

tr) might be lining of partly filled cavity, but would imply a different
orientation than fossils. Radiaxial calcite may also have resulted
from neomorphic conversion of preexisting aragonitic calcilutite. C,
Small part of section near top of A and close to B. Note cross section
of inarticulate brachiopod (ia) projecting downward into calcilutite
(ca;) here made pelletoid. If boundaries of calcilutite ca; were frac-
ture or shear surface, the fossil could not have survived. Despite at-
titude of seeming crossbeds of cas, radiaxial calcite (rax) is
developed preferentially immediately beneath each layer of ca;.



FIGURE 11.— Thin section showing cyclic nature of laminae and
selective aggrading neomorphism along contact between bottom of
fossiliferous calcilulite (ca;) and top of equigranular calcitutite (cas).
Note that both ca; and ca; are being converted to radiaxial calcite
(rax) along this contact in both cycles. USGS colln. D2324 CO, from
same sample as shown in figure 6.

calcilutite ca, than in the core but the ranges overlap.
The difference is statistically significant at P=0.01 level.
This does not necessarily mean much, on account of the
small area of ca; layers analyzed. Nevertheless, it does
indicate that the carbonate mud which formed ca; layers
was finer grained than most of the carbonate mud in the
core.

Owing to the small amount of skeletal sand present in
the measured areas of ca; layers, composition of the
skeletal sand was calculated for all four analyzed areas
together. The data, in percent, are as follows:

Percent

Echinodermata _ __ _ ___ __ _ _ _ __ 2
Trilobita _ _ _ _ _ __ __ _ _ _____ __ 14
Ostracoda _ _ _ _ _ ____________ 10
Brachiopoda _ _ _ _ _ _ ____ ___ _ __ 3
Mollusea _ _ _ _ _ _ _ ___ ______ __ 1
Indeterminable _ _ _ _ _ __ _____ __ 20

Trilobites are more common than ostracodes, whereas
1n the core, the reverse is true; no “spiculae” were found.

LITHOLOGY AND ORIGIN, MUDMOUND AT MEIKLEJOHN PEAK, NEVADA

FIGURE 12. — In contorted or disrupted parts of zebra limestone
cyclic succession of calcilutites may be disturbed. Here layers of
calcilutite ca; are separated by seemingly crossbedded interlayer-
ing of pelletoid and equigranular calcilutite(cas), Radiaxial fibrous
calcite (rax) is immediately below ca;. In some cycles a tier (tr) of
radiaxial calcite appears to underlie ca; and is analogous to tr in
figure 8. Polished surface. USGS colln. D2325 CO.

Owing to the small area of ca; layers measured, the low
content of skeletal sand present, and the relatively high
amount of small indeterminable grains, these data may
not be representative for ca; rock as a whole. But the
analysis does suggest that the rock forming calcilutite
ca; was somewhat finer grained than most calcilutite in
the massive core; its small content of drusy calcite in-
dicates a diagenetic history different from that of the
core.

Jaanusson found that the pelletoid calcilutite (cas)
was too recrystallized (with many indistinct grain
boundaries) to yield reliable data by modal analysis.

RADIAXIAL FIBROUS CALCITE LAYERS

The coarse calcite in the zebra limestone exhibits the
essential characteristics of Bathurst’s (1959, p. 511-512;
1971, p. 426-427) radiaxial fibrous mosaic. In the
simplest form, each radiaxial fibrous calcite layer is
divided symmetrically into upper and lower halves by a
median seam to which coarse crystals are roughly
perpendicular. The seam is remarkably smooth despite
the large side of the adjoining crystals (figs. 14, 15). Zon-
ing in the coarse radiaxial calcite is disposed sym-
metrically above and below relative to the seam (fig.
14A); the zoning is not necessarily parallel to the top or
bottom contact of the spar.
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FIGURE 13. — Thin section cut normal to surface shown in figure 6 and
parallel to surface shown in figure 40. Two cycles of fossiliferous
calcilutite (ca;) are shown. Pelletoid calcilutite (cas) and very fine
equigranular calcilutite (cas) complete the sedimentary cycle. Ag-
grading neomorphism has resulted in partial conversion of ca; and
bottom of overlying ca; to radiaxial calcite (rax). Calcilutite above
cay is not fragmental; if it were, it should also be spread to left on
“floor” over ca,. USGS colln. D2334 CO.

In many places the radiaxial calcite layer is somewhat
more complex. Below the thick symmetrical calcite layer
is one, very rarely more than one, thin tier of radiaxial
calcite. This thin tier can be distinguished in plane-
transmitted light with assistance of the pelletoid
material incorporated in its bottom and in the bottom of
the overlying radiaxial calcite (figs. 8, 144, 14B). In
polarized light, whether reflected or transmitted, the
boundary between the upper thick symmetrical radiax-
ial calcite and the lower thin tier of radiaxial calcite is
distinct only where peloids intervene; laterally the dis-
tinction between the two may disappear (fig. 14B). The
tier is remarkably like the radiaxial calcite that occurs
beneath seemingly crossbedded calcilutite in disrupted
parts of the zebra limestone (figs. 10B, 16, 17).

The crystals of calcite in the thick, symmetrical
calcite tend to be largest close to the median seam and
smallest along contacts with calcilutite (figs. 14C, 18).

Large crystals exhibit undulate extinction and in-
tergrown boundaries (figs. 14B, 14C). Relict extinction
suggests that many large crystals have grown at the ex-
pense of their neighbors, be it by “cannibalism,”
aggrading neomorphism, or some other means.

Pelletoid material and other bits of calcilutite are
common within the radiaxial fibrous calcite. This
material may be along the bottom of the thin lower
radiaxial calcite tier or along the bottom of the lower half
of the symmetrical thick radiaxial calcite (fig. 8).
Although the pelletoid and -calcilutitic material is
usually below the median seam of the thick radiaxial
calcite (fig. 15), it appears to be above or across the seam
in some instances (fig. 9).

At the south end of the outcrop and less than 3 m (10
ft) above the base of the mudmound the zebra limestone
overlies a tongue of dark-gray, nodular limestone of the
covering facies (Ranger Mountains Member) and takes
two forms.

The first of the forms occurs immediately above the
nodular limestone as irregular masses not more than 20
cm across and 10 cm high composed of very thin discon-
tinuous laminae of calcilutite ca; and radiaxial sparry
calcite (fig. 19). There is a suggestion that these laminar
bodies grew as small heads on the upper surface of the
nodular limestone. Laminae range from 0.25 to 2.0 mm
in thickness. ,

The small finely laminated masses are reminiscent of
a cross section through a head of cabbage. The thickness
of radiaxial calcite between layers of calcilutite ca; is
about equal to the thickness of the layers of ca.
Although space taken up by radiaxial calcite may once
have been occupied by calcilutite, it seems equally likely
here that radiaxial calcite has filled spaces between thin
crusts composed of calcilutite ca;.

Covering not only the nodular limestone but also the
more finely laminated ‘“‘cabbageheads” is the zebra
limestone in a second, more conventional form. Here
(fig. 20), it is composed of alternations of calcilutite ca;
and pelletoid calcilutite ca,; in some couplets ca, may
have been deposited in two generations. Along the con-
tact between ca,; and the next succeeding layer of caj,
radiaxial calcite has formed irregularly.

Laterally, to the north, the layers of pelletoid
calcilutite ca; are taken over by radiaxial fibrous calcite.
The field evidence suggests that the pelletoid calcilutite
has been selectively replaced by or recrystallized into
radiaxial calcite. Just as elsewhere along the base of the
mudmound, the lateral extent of the zebra limestone
facies, the thinness and irregularity of calcilutite ca;,
and the even spacing of laminae argue against the
mechanical possibility that the radiaxial calcite filled
cavities.

Chambers of nautiloids are filled with both para-axial
and radiaxial calcite (fig. 21). Most contain para-axial
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calcite; para-axial calcite occurs only as filling of
nautiloid chambers or as filling of fractures that cut all
other lithologies. Radiaxial fibrous calcite surrounds all
shells except where they are still imbedded in calcilutite;
one nautiloid chamber shown slightly left of center of
figure 21 is mostly filled with radiaxial calcite but also
contains calcilutite. Only the para-axial mosaic is cer-
tainly a cavity filling. The radiaxial calcite may have
resulted from the conversion of calcilutite surrounding
and in some places partially filling shells.

TRACE-ELEMENT ANALYSIS

A semiquantitative six-step spectrographic analysis
was run by A. T. Myers on both the calcilutite and the
radiaxial fibrous calcite in order to determine whether a
significant chemical difference existed between them.
The results (Myers, written commun., Dec. 1, 1971) were
as follows:

USGS colln. D2325 CO Calcilutite Radiaxial
calcite

Fe (percent) _________ .01 .003
Mg __ _ __ _ _ ________ 0.3 0.3
Ca - ______ >10 >10
T 0.01 Detected
Sio_ 2.0 .02
Al 0.15 0.01
Mn (ppm) - — e e = 200 70
Ba - ____________ 70 50
Cr - ___________ 10 5
Cuo 15 5
Mo_______________ 10 Not detected
Po . _____ ________ 20 15
1 S 500 500
b 20 20
FIGURE 14 (facing page). — Polished sections of zebra limestone.

USGS colln. D2325 CO. A, Ordinary light; X 6. Two complete cycles
of laminated sediment. Only part of zoning in radiaxial fibrous
calcite (rax) is symmetrical about median seam. Lowest zonal band
is lower tier of calcite (tr) as in figure 8. Calcilutites ca; and ca; are
difficult to differentiate under ordinary light. B, Polarized light; part
of view shown in A; X 9. Within radiaxial fibrous calcite (rax) crystal
faces are intergrown; shadowy relicts of small crystals are visible
within larger crystals; the smaller, younger crystals tend to be at the
top and bottom margins. Median seam (ms) is relatively smooth.
Quartz, K-feldspar, and goethite stand in relief and are most abun-
dant in fossiliferous calcilutite (ca;), less abundant in pelletoid
calcilutite (ca,), and rare in radiaxial calcite. Lower tier of calcite
(tr) is clear at middle but fades to right, where peloids have already
been recrystallized to spar. C, Polarized light; small area of lower
half of middle radiaxial fibrous calcite (rax) in B; X 40. Peloids (P)
are relict, not having been recrystallized; therefore, the top of the
lower calcite tier (tr) is distinct, and this tier may be comparable to
tiers beneath cay in figure 16B. Pelletoid calcilutite (caz) under high
magnification and polarized light appears crystalline intermediate
between coarse radiaxial calcite and more finely crystalline ca,. D,
Polarized light; part of view shown in B and C. X 40. Quartz and K-
feldspar stand in relief; they are most abundant in calcilutite ca,
less abundant in ca,, and very sparse in radiaxial calcite (tr and rax).

FIGURE 15. — Thin section of three cycles in zebra limestone. Bright
points within fossiliferous calcilutite (ca;) are crystals of quartz and
K-feldspar. Relict peloids and small bodies of calcilutite in radiaxial
calcite (rax) may be comparable to those above calcilutite cas in
figure 13. USGS colln. D2325 CO.

The calcilutite is consistently richer in trace elements
than the radiaxial calcite, but the amounts concerned
are not particularly unusual. The higher percentage of
silicon in the calcilutite can be credited to the presence
of quartz and feldspar.

INSOLUBLE RESIDUE

Photographs taken in polarized light of a polished sur-
face of a sample from USGS collection D2325 CO (fig.
14D) indicate the presence of material that is harder
than calcite, particularly in the fossiliferous calcilutite
(ca;). Microscope examination of thin sections suggests
that particles of quartz and an opaque mineral are the
more resistant minerals seen in relief on the polished sur-
face.

Part of one sample from collection D2325 CO dissolved
in dilute hydrochloric acid yielded 1.3 percent by weight
insoluble residue. A second sample yielded 3.33 percent
by weight insoluble residue. The particles of residue are
almost entirely in the silt sizes; some particles are as
large as very fine sand. By volume about 70 percent of



16 LITHOLOGY AND ORIGIN, MUDMOUND AT MEIKLEJOHN PEAK, NEVADA

FIGURE 16. (above and upper right) — Layers of fossiliferous calcilutite
(ca)) separated partly by radiaxial calcite (rax) and partly by
seemingly crossbedded pelletoid calcilutite (cas), which also grades
into radiaxial calcite. Pockets of calcilutite ca; are overlain by a thin
layer of radiaxial calcite (tr) just as in undisturbed parts of the zebra
limestone. (See, for example, fig. 8.) Lower tier (tr) of radiaxial
calcite may be analogous to that in figures 8, 13, 144, and 14C.
USGS colln. D2325 CO. A, Collodion peel. B, Polished surface.

these particles are quartz, slightly fewer than 25 percent
are potassic-feldspar, and about 7 percent are opaque.
According to R. E. Wilcox (written commun., Feb. 25,
1972), “Most of the particles of quartz and feldspar are
made up of nuclei, probably detrital, about which have
grown mantles of authigenic material to provide crude to
well-developed euhedral crystal forms.” According to B.
F. Leonard III (written commun., Jan. 17, 1972), most of
the opaque mineral is goethite.

FIGURE 17. — Radiaxial fibrous calcite (rax) associated with seemingly

" . . . . pelletoid calcilutite between layers of calcilutite ca,. Radiaxial
Assuming that the typical distribution of these insolu- calcite on right would not be discontinuous if it had lined a cavity

ble minerals is shown on the polished section (figs. 14B, prior to filling by calcilutite. Radiaxial calcite appears to have grown
14D), we estimate that 70 percent are in the fossiliferous along more permeable sedimentary contacts. Pelletoid sediment

calcilutite (ca;) and 25-30 percent are in the overlying may have provided permeabl.e channel. Or pe}letoui texture'may be
structure grumeleuse, resulting from aggrading neomorphism. As

PenetOid Ipat_erial (C,aZ)‘ A tfrace (1-5 percent) is present shown in figure 16, depressions above ca; may be filled by pelletoid
in the radiaxial calcite, which makes up more than half calcilutite (cas); much of space between layers of ca; is filled by
the total rock. typically equigranular cas. Collodion peel. USGS colln. D2325 CO.
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In laminated sediments in Shark Bay, western
Australia, quartz constitutes 1 percent of the sediment
in the intertidal zone and 2-20 percent in the supratidal
zone (Davies, 1970, table 1, p. 177). The small content of
quartz in the laminated sediments at Meiklejohn Peak is
therefore not unusual.

Concerning Shark Bay, Davies (1970, p. 186) further
noted that “pyrite or a related iron sulphide” is present
in laminated sediments from the intertidal zone and that
“gypsum is absent.” Both these conditions are also met
by the laminated facies from Meiklejohn Peak. After an
X-ray microprobe analysis of a sample of this Ordovi-
cian zebra limestone, R. C. Surdam (oral commun., Apr.
5, 1972) concluded that there is no difference in iron,
calcium, or magnesium content between the calcilutite
layers and the radiaxial fibrous calcite, and that the
chemical suite present does not indicate deposition in a
hypersaline or supratidal environment.

rax

FiGURE 18. (left and above) — Polished sections showing radiaxial
fibrous calcite (rax) divided by nearly flat median seam (ms). Seam
above calcilutite cas is jagged; terminations of crystals below seam in
ca; also seem jagged. Top of calcilutite cas partly converted to
radiaxial calcite by aggrading neomorphism below seam. If conver-
sion of cas continued, the tier of calcite (tr) below ca; would corres-
pond to lower tier (tr) in figures 8, 14B, and 14C. Polarized light.
USGS colln. D2334 CO. A, =X 20. A part of the sample shown in
figure 41, this surface parallels and is 7 mm distant from that in the
samples illustrated on figures 13 and 40. B, Enlarged view of part of
A, X 39.

A sample (USGS colln. D2343 CO) from the un-
laminated upper part of the mudmound, 28 m (86 ft)
above the base yielded a residue which is 2.16 percent by
weight of the original sample. X-ray analysis by W. N.
Sharp indicated that quartz and mica, probably illite,
are the prominent constituents of this residue, and that
some hematite is present.

UNDERLYING LIMESTONE

Northward from the mudmound the underlying
calcarenite is exposed in a deep gully beyond which it is
displaced westward by a fault. This calcarenite was in-
itially considered to be a detrital apron derived from the
mound; however, its continuity north and south beneath
the zebra limestone of the mound shows it to be a part of
the limestone 9 m (30 ft) thick that lies stratigraphically
below the mound and that extends over a wide area as
the topmost part of the Paiute Ridge Member of the
Antelope Valley Limestone. In the lower third of the 9-
metre-thick limestone a crudely laminated interval (figs.
22, 23) resembles the zebra limestone but lacks the
predominance of radiaxial calcite and the striking cyclic
nature.



FIGURE 19. — Thin section from small, irregular “‘cabbagehead” mass
composed of calcilutite ca; and radiaxial fibrous calcite (rax). About
10 feet (3 m) above base of mound at south end of outcrop. USGS
colln. D2454a CO.

In the calcarenite (fig. 24) recrystallization has
obliterated the boundaries of skeletal grains making
planimetric measurements of the original composition of
the rock impossible. Some echinodermal material is pre-
sent and ostracodes appear to be abundant.

A collection (USGS colln. D2390 CO) was made at the
bottom of the crudely laminated facies at a point where
coarse sparry calcite is a minor constituent in the hope
that the crude laminae might be analogous to the
calcilutite layers of the overlying zebra limestone.

A greater proportion of the rock is composed of fos-
siliferous calcilutite (figs. 22, 23). Layers, possibly of pel-
letoid origin (figs. 23B, 25), about 3 mm thick are in-
terbedded and seem to be ‘equivalents of the radiaxial
calcite layers in the overlying zebra limestone. Spicules
are present in clumps within the fossiliferous calcilutite
(figs. 26, 23B). No such spicular clumps have been found
in the zebra limestone.

The poorly laminated limestone lacks the uniform
cyclicity of the zebra limestone. The fossiliferous
calcilutite ca, forms rather irregular layers 5-30 mm

thick. Some of these layers have been bioturbated and
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locally the material has invaded lower layers in what ap-
pear to have been liquid protrusions from above; in other
places there is as much evidence for upward flow of sedi-
ment as for downward flow. In still other places the sedi-
ment that appears to have been fluid in one spot has
clearly been fractured a few millimetres away. Where
fossils are abundant a considerable amount of pelletoid
calcilutite is protected by ‘“‘umbrellas” of larger shells.

Within the fossiliferous calcilutite ca; are numerous
scattered dark-gray shapes in which spicules are promi-
nent (figs. 23B, 26). Associated with the spicules is a fine
anastomosing network of clear sparry calcite. After ex-
amining samples of the spicules and network, Robert
Finks reported (oral commun., Nov. 9, 1972) that the
straight spicules are probably root tufts of a lithistid
sponge for which there is no other immediate evidence.
He also thought that the anastomosing network of
calcite was too irregular and devoid of overall geometry
and spicular shape to belong to any sponge now known in
the lower Paleozoic. In his opinion, this fine network
might best be explained as the matrix in an original pel-

FIGURE 20. — Thin section from zebra limestone facies adjacent to
“cabbagehead” mass shown in figure 19. Laminae composed of alter-
nating calcilutite ca; and pelletoid calcilutite (ca;). Radiaxial calcite
(rax) is incipient below ca;. Laterally layer ca, becomes radiaxial
fibrous calcite. At bottom of section note scour-and-fill(?) in ca,.
USGS colln. D2454b CO.
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FIGURE 21. — A small part of a vertical section of a pocket or “nest” and partly with radiaxial calcite. Presence of calcilutite may have
filled with shells of nautiloid cephalopods. All the space surrounding been essential to formation of radiaxial fibrous calcite. Para-axial
shells not now occupied by calcilutite (ca) is radiaxial fibrous calcite calcite (pa) occurs outside chambers only in fractures which cut all
(rax). Almost all chambers are filled with blocky para-axial calcite other lithologies. Collodion peel, photographed by transmitted light
mosaic (mc). A few chambers are filled with radiaxial calcite (rax). with one polarizer. USGS colln. D2389 CO.

One chamber slightly left of center is filled partly with calcilutite

letoid calcilutite (Beales, 1958, pl. 1, figs. 1-3); Ross here | texture found in the thin (2-5 mm thick) layers that are
considers this interpretation less likely for the network | interstratified with the fossiliferous calcilutite (figs. 234,
associated with spicules than for the somewhat similar | 254, 25B). Both textures are shown in figure 23B.
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FIGURE 22. — Polished section of poorly laminated limestone below
mudmound. Dark-gray shapes contain spicular roots (sr) of sponges.
Thin layers are pelletoid. Some thin layers and sparry calcite are fill-
ings of internal cavities. USGS colln. D2390 CO.

In texture the thin interlayer shown in figure 27
somewhat resembles the late Paleozoic hydrozoan
Palaeoaplysina described by Davies (1971, fig. 4 B, E).
Dr. Davies kindly examined the sample illustrated and
expressed the opinion (written commun., Nov. 3, 1972)
that it was more readily interpreted as a pelletoid

calcilutite with sparry matrix; however, he also sug-
gested that the texture might be interpreted as a clastic
biomicrite with algal(?) borings.

Some of the thin layers in this crudely laminated
facies contain sparry calcite and may have a different
origin. These tend to be discontinuous and to cut across
the fossiliferous calcilutite ca;. Many, but not all, appear
to have been open fractures in the calcilutite, some cut-
ting steeply across beds and some running nearly paral-
lel. These presumed fractures are partly filled with
geopetal sediment much of which was pelletoid. Most of
the calcite bodies are entirely sparry para-axial mosaic;
a few have radiaxial calcite enveloping the para-axial
mosaic. The spar seems to have been formed in small
discontinuous cavities. However, surrounding many of
these calcite bodies is a halo of goethite at the contact
with the calcilutite; such halos are common in replace-
ment textures and it is difficult to explain the concentra-
tion of goethite within floor, walls, and ceiling of a
cavity.

MASSIVE CORE FACIES OF THE CARBONATE MUDMOUND
By VALDAR JAANUSSON

MACROSCOPIC CONSTITUENTS

In the massive limestone forming the core of the
mound, three main macroscopic constituents (here
defined as structures larger than about 0.5 ¢cm) can be
distinguished: (1) sparry calcite bodies (Stromatactis),
(2) skeletal particles, and (3) the rest of the rock,
macroscopically mostly of fine-grained appearance.

STROMATACTIS

The sparry calcite bodies are elongated in cross section
and distributed throughout the core facies with the long
axis approximately parallel to the former depositional
surface. Their thickness rarely exceeds 2 cm. The floor in
most examples is fairly even, whereas the roof varies
from even to digitate. Examination of these structures is
made difficult by the sparsity of natural plane surfaces
that are perpendicular to the depositional surface. Only
a few such surfaces of sufficent size were found in the
outcrop area of the mound core. Point counting in the
field on three surfaces, each approximately 0.25 m? and
all located in the uppermost part of the mound, showed
that the macroscopic sparry calcite bodies form about
15, 17, and 18 percent of the volume of the rock, respec-
tively. Examination of thin sections revealed that the
sparry calcite bodies are composed of radial calcite
(Bathurst, 1959) — that is, radiaxial fibrous calcite with
undulose extinction, irregular, often highly digitate in-
tercrystal boundaries, and numerous subgrains.

The mode of occurrence, general shape, and
microstructure of the sparry calcite bodies resemble
those in what is generally known as Stromatactis, and
the same term is used here for the structures from the
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core of the Meiklejohn Peak mound. The Stromatactis in
the core differs from the sparry calcite layers in the zebra
limestone by the much more irregular shape of the in-
dividual bodies, by their seemingly irregular distribu-
tion, and by their smaller size. The maximum observed
length of a cross section of Stromatactis in the core of the
mound is 24 cm; most are considerably shorter. The
microstructure of Stromatactis and the sparry calcite
layers in the zebra limestone, on the other hand, is very
similar. The radiaxial crystals or mosaic of crystals from

FIGURE 23 (left and above). — Polished and thin sections of sample of
poorly laminated facies. USGS colln. D2390 CO. A, Polished section
showing fossiliferous calcilutite (ca) separated by thin layers per-
forated by anastomosing tubes (tu). Tubes now filled with calcite
mosaic, which may be matrix around pellets. Large dark-gray mass
was produced by sponge and contains spicules (sp) of Pyritonema(?)
and meshwork (M) of uncertain origin shown enlarged in B and C. B,
Brachiopod(?) attached to long spicule (sp) paralleling plane of sec-
tion appears as round spot in dark spicular mass in A. Discontinuous
meshwork (M) below spicule may be sponge or calcite matrix around
pellets of calcilutite. Abundant small white circles near top of
photomicrograph are cross sections of spicules. Texture at bottom
may be sparry calcite matrix around pellets or structure grumeleuse.
Thin section. C, Thin section parallels B but does not cut brachiopod
or large spicule. Large white circles are cross sections of
Pyritonema(?) spicules. Peculiar discontinuous meshwork in center
of view also appears below brachiopod in B.

the floor and roof normally meet in a distinct seam (fig.
28).

None of the Stromatactis examined in the core of the
mound exhibited a central, “residual” cavity or a well-
defined central filling with para-axial (Bathurst, 1964)
calcite. The absence of such structures may depend on
the relatively small dimensions of Stromatactis in the
Meiklejohn Peak mound or on their sparsity.

The origin of Stromatactis has been, and still is, very
much disputed and numerous different explanations
have been proposed. Comparison of Stromatactis from
the core of the Meiklejohn Peak mound with similar



structures from various other Paleozoic carbonate
mounds suggests that the main factor in the origin is
common to all. The material available for comparison
includes Stromatactis from the Devonian of the Dinant
Basin in Belgium (including samples from the quarries
around Philippeville, the type area for Stromatactis Du-
pont, 1881), from the Ordovician of Sweden, and from
the Carboniferous of England and Ireland. The material
from the Meiklejohn Peak mound alone is too limited for
forming a satisfactory basis of an extensive discussion of
the whole problem of Stromatactis. Some observations
presented here are deemed to be pertinent for under-
standing the origin of the structures.

Several observations indicate that, irrespective of
what the origin of Stromatactis may be, the shape
and size of the radiaxial crystals, and possibly the whole
radiaxial mosaic as such, is not original but a result of
diagenetic processes. The radiaxial mosaic has
demonstrably incorporated skeletal particles (Black,
1952; Orme and Brown, 1963; Jaanusson, 1975) and
grown at their expense. The material from the core of the
Meiklejohn Peak mound shows numerous examples of

this phenomenon (figs. 29, 30). A particularly interesting
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example (fig. 31) shows carapaces of ostracodes that oc-
cur in various stages of incorporation into radiaxial
mosaic within a Stromatactis. Some of the carapaces are
situated at the median seam of the radiaxial mosaic. The
radiaxial mosaic has probably also assimilated fine-
grained matrix, although this cannot be proved.

A mosaic which is very similar to the radiaxial mosaic
can be shown to result from recrystallization (increase in
the size of crystals) of finely fibrous normal calcite
mosaic and, possibly, when aragonite is transformed into
calcite in situ in closed space. Probably one of these
processes was operative in the formation of radiaxial
mosaic on Stromatactis. Subsequently, the mosaic grew
by incorporating adjoining grains or extending into
voids. The core of the Meiklejohn Peak mound contains
numerous narrow veins filled with calcite. Some of the
fissures probably formed early during the diagenetic
history of the mound. The normal vein filling of these fis-
sures is para-axial sparry calcite but where narrow veins
cut a Stromatactis the calcite in the vein filling is
generally radiaxial and in optical continuity with the
crystals in adjoining radiaxial mosaic (fig. 15). This
phenomenon has been observed in almost all carbonate
mounds with Stromatactis from which material has been
available. Orme and Brown (1963) suggested that this
proves the mosaic of Stromatactis to postdate the forma-
tion of fissures, but in my opinion, a more plausible ex-
planation is precipitation in a fissure with the crystal
structure controlled by that of the wall. There are exam-
ples in the core of the Meiklejohn Peak mound where a
vein cuts an echinoderm grain and the filling of the vein
at that place is calcite in optical continuity with both
halves of the echinoderm grain.

Thus the present radiaxial mosaic of Stromatactis is
most likely secondary. Determining the primary struc-
ture is difficult. This type of mosaic occurs in what
demonstrably have been cavities in sediment (for exam-
ple, in closed shells of brachiopods), but it is also known
to replace original organic structures (stromatoporid
coenosteums and stromatolitelike organic structures in
the Upper Ordovician carbonate mounds of Sweden).
The presence of a distinct median seam might indicate
filling of a cavity, because such seams have not been
observed to be associated with recrystallization into a
radiaxial mosaic.

MACROSCOPIC SKELETAL PARTICLES

Macroscopic skeletal particles are scarce in most of
the core of the Meiklejohn Peak mound. The point-
counted surfaces mentioned previously (p. 20) did not
include any skeletal particle of macroscopic size.
Macrofossils tend in the core facies to be assembled into
pockets or channellike structures but their importance
relative to the total volume of the core of the mound is

small.
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FIGURE 25. — Pelletoid(?) texture in thin light-gray layer similar to that below dark spicular mass in figure 23A and to that at bottom of figure
23B. Thin sections of poorly laminated facies below mudmound. USGS colln. D2390 CO. A, Vertical section. B, Horizontal section.

FINE-GRAINED LIMESTONE

In some of the samples several generations of fine-
grained limestone can be distinguished; other samples
are more homogeneous and contain possibly only one
generation of micrite. The various generations differ
mainly by microstructure and contact relations. Dif-
ferences in color are so slight that recognizing the genera-
tions in the field is difficult, unless the rock surface is
etched or stained, or both.

The seemingly earliest generation of the fine-grained
limestone (Li I) is the commonest and resembles layer
ca; in the zebra limestone. It normally consists of cryp-
tocrystalline micrite with varying amounts of skeletal
grains (fig. 32). The skeletal grains of sand size are
mostly more abundant than in ca;, and so the sediment
is coarser grained than the limestone of the ca; layers.

What probably is the next generation (L 2) has a more
varied composition. Micrite similar to that of Li I is
common, but the limestone also contains layers or
patches of peloid limestone similar to that in cas of the
zebra limestone recrystallized portions, and spar,
radiaxial as well as para-axial (fig. 32).

Where typically developed, the boundaries between Li

[ and Li 2 are well defined (fig. 32). The complex dis-
tribution pattern of both generations suggests a system
of burrows or borings in Li I filled with Li 2. With the
material at hand, it is difficult to prove whether burrow-
ing or boring was responsible for the pattern—whether
the cavities had been formed in soft sediment or in a
rock. Some observations, such as shells protruding from
Li 1 into Li 2, suggest burrows, but the evidence is in-
conclusive. '

The succession of the generations Li 1 and Li 2 is not
always clear, and further studies may reveal a more com-
plicated pattern of relations.

In the available samples it is difficult to see any clear
spatial relation between the two generations of fine-
grained limestone and individual bodies of Stromatactis,
comparable to that between the layers of spar and ca.
layers of calcilutite in the zebra limestone or between
Stromatactis and layers considered as internal sediment
described from English and Irish Carboniferous car-
bonate mounds (Bathurst, 1959; Schwarzacher, 1961;
Lees, 1964). In this respect further studies are necessary.

The third generation of fine-grained limestone (Li 3) is
relatively rare but distinctive. It mostly consists of a
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FIGURE 26. — Polished section showing one of the dark masses

illustrated in figure 22 (sr) where large spicules (sp) are par-
ticularly abundant and probably constituted roots of a sponge.
USGS colln. D2390 CO.

relatively homogeneous, fine-grained microspar with few
skeletal grains. It generally occurs as a layer or fissure-
filling at a steep angle or perpendicular to the former
depositional surface. The boundaries against Li I and Li
2 are sharp and accentuated by a thin layer of sparry,
para-axial calcite, 0.07-0.15 mm thick.

The relation of Li 3 to Stromatactis is illustrated in
figure 33. There a small Stromatactis is faulted into four
pieces, only three of which are visible in the
photomicrograph (the fourth piece was just outside the
right field of view). The almost straight margin of the
Stromatactis to the right is formed by the fault which
separates the third and fourth pieces. It cuts through a
normally developed radiaxial mosaic in the same way as
the first and second faults do. Faulting at the right
formed a fissure, 2.6 to 2.9 mm wide, which is now filled
with the limestone of the generation Li 3. The faulting
also caused a vertical displacement of about 2.5 mm.
This example shows conclusively that Li 3 postdates the
formation of Stromatactis and that the general struc-
tural pattern of the radiaxial mosaic must have been
fully developed before the deposition of Li 3. The sedi-
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ment above and below the Stromatactis may still have
been somewhat friable when faulting took place, as
judged from the smooth curvature of the margin of the
fault at some places (fig. 33). At other places, par-
ticularly where the wall is coated with spar, the wall of
the fissure is straight.

In parts of the mound the core is transected by
macroscopically distinguishable, locally irregular fis-
sures of varying width filled with brown-weathering
limestone. This limestone obviously is still later than Li
3.

MICROSCOPIC CONSTITUENTS

The microscopic composition of the limestone in the
core of the Meiklejohn Peak mound was studied by
modal analysis in a series of thin sections. The samples
from which thin sections were prepared were inten-
tionally taken from the macroscopically fine-grained
parts of the core. Thus, the quantitative data apply only
to this macroscopic component, comprising 80-85 per-

FIGURE 27. — Vertical section across thin layer of calcilutite perforated
by irregular calcite-filled tubes, similar to those shown in figure 25.
These may be sparry matrix around indistinct pellets or algal bor-

ings in calcilutite. USGS colln. D2390 CO.



LITHOLOGY 25

cent of the volume of the core. The general objectives of
the study of microscopic carbonate constituents, as well
as the methods, were reviewed and discussed by Jaanus-
son (1972).

The series of samples for constituent analysis was col-
lected by Ross in 1970 along a section through the middle
part of the core of the mound (samples D2341 CO to
D2349 CO; fig. 4). In two thin sections (from D2341 CO
and D2346 CO) recrystallization has nearly obliterated
original grain boundaries; these thin sections were not
measured. One thin section, from the sample D2349 CO,
showed two clearly different rock types (calcilutite and
calcarenite) separated by a sharp boundary; the areas of
both types were measured separately. Patches of rock
within almost all thin sections showed various degrees of
aggrading neomorphism, and measurements involved
more subjective judgments than is usual for such modal
analysis. Still, qualitative study of peels from additional
samples collected by Jaanusson in 1972 seems to in-
dicate that the quantitative data are reasonably
representative for the fine-grained limestone of the
mound core.

Owing to difficulties in distinguishing the generations
Li 1 and L: 2 in most thin sections, these limestones are
not discussed separately. The limestone of the genera-
tion Li 3 was not included in the measured area.

DY o .

FIGURE 28. — Thin section of a “microstromatactis’”’ (ms) from the core
of the mound. The surrounding limestone is either first(Lil)or se-
cond (Li 2) generation, except to the left, where a third generation of
limestone (Li 3) is in contact with the radiaxial calcite. USGS colln.
D2345 CO. Photograph by U. Samuelson of Naturhistoriska
Riksmuseet. Lithologic sequence explained on p. 23.
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FIGURE 29. — Plate of an otherwise unidentified echinoderm partly
converted to radiaxial fibrous calcite (rax). Thin section. USGS

colln. D2345 CO.

i

MAIN MICROSCOPIC CONSTITUENTS

In the core of the Meiklejohn Peak carbonate mound,
the main microscopic constituents (table 1) of the
limestone are (1) sparry calcite, (2) skeletal sand, and (3)
matrix. Sparry calcite was considered as a separate con-
stituent only when a well-defined mosaic of calcite
crystals was 0.1 mm long or larger. Skeletal sand is
defined as those skeletal particles 0.1 mm long or larger
in thin section (Jaanusson, 1952, 1972). The matrix —
the rest of the rock — consists of material of various
origin, such as skeletal grains smaller than 0.1 mm, car-
bonate mud, terrigenous mud, and probably at least 40
percent calcium carbonate cement. Much of the matrix
is recrystallized into an ultramicroscopic mosaic of
calcite crystals whose original constituents are no longer
recognizable.

Some thin sections contain dark, cryptocrystalline,
pelletlike spots, almost completely surrounded by spar.
In places they seem to represent indurated pellets, in
others, it is difficult to prove whether they are
depositional features (represent pelletlike sedimentary
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grains) or are phenomena developed during recrystal-
lization (structure grumeleuse). Many of the spots are
shorter than 0.1 mm and have indistinct boundaries. In
the thin section D2343 CO, the peloids 0.1 mm long or
larger comprise 8 percent of the measured area; in all
other thin sections, they are much rarer or are absent.
The peloids are tabulated as matrix.

Modal analyses show that the fine-grained parts of the
rock consist, in average, of 37 percent sparry calcite, 7
percent skeletal grains, and 56 percent matrix.

SPARRY CALCITE

About 44 percent of the microscopic sparry calcite is
radiaxial and the rest is para-axial. The microscopic
bodies of radiaxial sparry calcite (fig. 28; Ross, 1972, fig.
7) resemble Stromatactis in microstructure and general
shape. For convenience they are termed here

FIGURE 30. — Thin section from USGS colln. D2342 CO showing
fossil ostracodes (0s) and pieces of calcilutite (ca) relict in radiaxial
fibrous calcite (rax).
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Ficure 3l. — Thin sectlon of a “microstromatactis” with in-

corporated ostracode carapaces (arrows) in various degrees of

recrystallization into radiaxial calcite. USGS colln. D2344 CO.
Photograph by U. Samuelson, Naturhistoriska Riksmuseet.

FIGURE 32. — Thin section from the core of the mound showing
distribution of two generations of limestone (Li I and Li 2). The
large sparry calcite mosaic in Li 2 is radiaxial, as is the spar inside
a partially closed brachiopod shell (br) which is mostly filled with
micrite. USGS colln. D2343 CO. Photograph by U. Samuelson,
Naturhistoriska Riksmuseet.
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“microstromatactis.” There are all gradations in size
from microstromatactis (with a thickness less than 1
mm) to Stromatactis of macroscopic dimensions. Other
microscopic mosaics of radiaxial calcite have less regular
outlines and lack a clear median seam. The nature of
such mosaics is not always clear. Some represent
peripheral cuts of microstromatactis; others suggest for-
mation by aggrading neomorphism.

Where former original cavities can be demonstrated,
such as within closed carapaces of ostracodes and closed
shells of brachiopods, the cement is mostly radiaxial
calcite. Some such intragranular cavities contain a
central filling of para-axial calcite which is later than the
radiaxial calcite.

FIGURE 33 (right). — Thin section of a “microstromatactis’” which is
faulted into four pieces (the fourth piece is to the right just outside
the lower right corner of the photograph). The fissure at the right is
filled with limestone of the generation Li 3. USGS colln. D2343 CO.
Photograph by U. Samuelson, Naturhistoriska Riksmuseet.

TABLE 1. — Relative proportions of microscopic constituents for six collections taken
stratigraphically through center of the carbonate mudmound at Meiklejohn Peak
[Positions of collections indicated in fig. 4. Collection D2349 CO from nodular limestone immediately covering mound]
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TABLE 2. — Relative proportions of organic components of the skeletal sand fraction shown in table 1, for six collections taken
stratigraphically through center of the carbonate mound
[Positions of collections indicated in figure 4. Collection D2349 CO from nodular limestone immediately covering mound]
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Para-axial calcite frequently forms relatively coarse
mosaics similar in size and shape to microstromatactis
except that the outline tends to be much more irregular
and a median seam is seldom present. Such para-axial
mosaics may belong to a generation different from that
of radiaxial calcite but this could not be proved. Where
both types of sparry calcite mosaics are in contact, the
boundary between the mosaics is generally transitional.
However, this may be a phenomenon of the same nature
as the development of radiaxial calcite in those parts of
narrow veins that cut a radiaxial mosaic; the structure of
the crystals acting as seeds may have become
propagated beyond the original boundary of a mosaic.

Radiaxial and para-axial sparry calcites tend fre-
quently to be concentrated in different patches — in dif-
ferent samples or in different parts of a thin section. This
affects, then, not only the relatively large mosaics but
also intragranular and intergranular cement. Near the
top of the mound para-axial sparry calcite
predominates, whereas in the lower and middle parts of
the mound radiaxial calci