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clastic spar precipitation and shale

infiltration must have taken place very early

Therefore, the bladed to fibrous calcite spar

unconformity-producing subaerial exposure event. Thus, the bladed-to-fibrous
spar should represent precipitation from surface temperature, meteroic waters

and would be a near-surface, cave, spring, or pool deposit.

hand specimen characteristics  support the near-surface
interpretation. The extreme coarseness of the calcite crystals is striking.
These crystals are as long as 10 cm and as wide as 1.5 cm. The width of

2

individual crystals increases away from the substrate and many samples are

Ty o I3 vy L P
pand is marxed

ot

finely growth banded and each

iron-oxide~-rich clay. {ther samples are not

cloudy~-

white snar is disturbed by a brownish srowth band every several cm of crystal
i 3 g 3 3

length, Crinoid fragments and gray-green, silty clay inclusions rest on

growth surfaces within the spar. The bladed~to~fibrous nature of

Foby
ot
o
)
Y
(o
Yok
¢
}WJ
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[

as well as the fine banding are all supportive of a near-surface origin for

the spar. OUccurrence of crinoid and silty-clay

The environment in which these crystals precipitated can be further
refined through petrographic analysis of is  finely




-

growth banded nonferroan calcite. These growth bands are delineated by fluid
as clastic accumulations of calcite
crystal fragments, clay, and quartz silt, Some growth bands define coarse,
jell-developed crystal terminations with as much as 5 mm of relief between the

]

termination and the adjacent trough separating the crystal from its

I

3

1 many samples crowth bands define smocthly curved surfaces that are
J £ E <

o

these surfaces, coarse, well-developed crystal terminations are rare to absent
and most crystals have flat or slightly curved terminations indicative of
either erosional truncation of crystal terminations or growth up to a fluid

fiilm boundary. Moreover, individual growth zones tend to pinch and swell and

whole series of growth zones are, in places, erosionally truncated.

plex petrographic features are visible on a finer scale, within a

ripers are

m

all in optical

the larper, master

of wariable lent

wid

optical continuity with the well-terminated crystals and there is no
mosaic calcite (indicative of aragonite inversion; Folk and Assereto, 1976),

these too were precipitated as length-fast calcite. The flat termination

were either caused by erosion of cement terminations or growth up to some

nd Broughton, 1977

&
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many of the samples.

indicate vadose zone precipitation, however, in some samples and zones, there

iz no asymmetric cement,

The stable isotopic composition of the spar supports a low-temperature,

¢

freshwater, Mississipiian-Pennsylvanian origin for the spar. The average

13

light carbon and supporting

i

b £
The average 8 0=-3.0%.

values reported by Meyers et al. (1982) for low-temperature, Ifreshwater
calcite precipitation in the Lake Valley Formation. Preservation of these
isotopic compositions not only indicates a Mississippian-Pennsylvanian near-

surface freshwater origin, but supports the contention that the spar has not

The spar also contains evidence of having been subjected to stress, The
is cross—cut by fractures filled with roan calcite.
osg-cut cement fabrics. Therefore, it seems likely

coarse spar was only found in a horizon recognized as a
(Pray, 1959) and confirmed as karstic by Meyers (1978).

The spar occurs within probable solution pockets and is interbedded with shale

crinoid fragments lacking

as pre-Permian (Meyers, 1974,
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der HMolen (1981). The work was developed to consider the case of a

&

inclusion embedded in a granite, but the model can be applied to any general

case, Let us examine the case of a spherical, freshwater, all-liguid fluid

inclusion that was trapped at 20 C and then subjected to burial heating and

pressure. 1he following assumptions must be made:
b P, e o g § . - o % PO o e 3 s s T3 oy ot
(1) Ho plastic deformation, Unly brittle deforpation occurs, Plastic

deformation would fend to decrease the pressure within the fluid dinclusion

th

kg

ougl

acting.

o
o)
ja
e
I
bg
vy
o

2}y Caleite has strength, To a first approximation it is prob
} 24 I

"l

that calcite has no strength (or very little) along its cleavages. If calcite

does have some strength, this would tend to slightly increase the 1ikelihood

[
e}
ke
;

0
*

that fluid inclusions will not fracture their matrix through hydrofract

et 3 N 1 e

(3) The dnclusion 1is sphericsal. Spherical dinclusions are rare in

P

1

nature, Any deviation from that shape would tend to increase the likelihood

3

of a fracture developing. In fact, pointed walls in fluid inc

N

have a wedging effect on the matrix and could greatly increase the possibility

hydrofracturing. The importance of this effect would depend on the shape

Py

o the dirregularity as well as its orientation with respect to matrix

anisotropiles.

10



{4y Calcite and freshwater compressibilities and ¢«

expansion are isotropic. Although freshwater 1is it
anisotropic with respect ro these properties,

o

should only have minor effects at first order calculations.

(33 The inclusion is iscolated within an infinite matrix. This is
certainly not true for a fluid inclusion that is surrounded by other fluid
inclusions of varicus sizes in a tiny, cleaved calcite crystal, which is the
case in nature, These perturbations could increase the likelihood of a fluid

inclusion hydrofracturing its calcite matrix.
¥ g

he above assumptions, ne can calculate a critical geothermal-
ient above which a low-temperature, fresnwater fluid inclusion

should not survive. Violation

this curve in either direction as
in a developing stage and will likely evolve as we learn more about the

constraints o

0
o
e
jo s
6]
St

systens,

of Van der Molen {1981)

oRt is the tangential normal stress at the inclusion surface., If it is less

i

develop normal to the

than 0, stress is tensional and a crack wil

2
i

b

A is the volumetric thermal expansion

o
I

T is the temperature in (.
P is the external pressure in kilobars.
P' is the fluid inclusion internal pressure in kilobars.

coregate shear modulus of calcite

bulk modulus of calcite.

1lug of water.
(13 oRt < O when - AT AA>P (3/2u + 3/K ' - 1/K)

11



Likewise, 1f one assumes the isochore pressures to ba real and

some peotherma

)
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be calculated

(19663, and Kesnan et al., {(1978), shows that if a fluid dnclusion were

,

trapped as all-liguid, freshwater and buried from 20 (

by
0
oD
ot

and

2). If the eame fluid dinclusion were buried through the lithostatic

geopressure-geothermal gradient diagrammed (an unlikely possibility at about

ot &
o
1.1 C/100 feet and 6.9 bars/100 feet), fluid inclusions would start causing
(9]
fractures and leaking at a depth where a geothermal temperature of about 130 C
would be reached. In  the diagenetic realm, pressures woul most likely

approximate some gradient between the lithostatic and hydrostatic line

hydrofracture their calcite matrices and leak in most burial environments

deeper than about 3 km. Fiuid inclusions buried to depths of 3 km or less may
or may not survive, depending upon the geothermal-geopressure gradient and the

each fluid inclusion.
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A relationship calculated from equation (2) gives similar results. H

one compares the isochore pressure within the inclusion to the same

1

hydrostatic, gsopressure-gecthermal radient wused above, one finds that

aQ

inclusions trapped at low-temperature and subsequently

at about 50 C, and could continue
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cracking during burial. This result is in ¢

[y

s
-t
W
[N
ool
v
ke

ose agreement with that ot

.qv\

by equation (1), If one assumes the lithostatic gradient, 1t appears &th
external pressure would be high enough throughout deep-burial diagenetic
conditions to prevent hydrofracturing. Az this gradient is  unusual,
hydrofracturin D1

two me

unreal assumption that the fluid inclusion
isochores used with equation (2) actually represent pressures within the
inclusion.

1

These calculations show the extreme likelihood of low-temperature fluid

inclusions

they are buried through

some combination of

ddle the gradient and
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maximum burial dept
hydrofracture or will at
sufficiently high to have

If assumptions (1) and (2}

d, hen ore id i sion would survive without
hydrofracturing. Violation of assumptions (3) and (5) would tend to greatly
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