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Research data from a variety of sources have shown conclusively that
aggregate type is a vital factor in pavement friction and that limestone
aggregates tend to polish more readily than do other commonly used
aggregates. It has also been established that significant differences in
polish susceptibility exist among limestones and that these differences
are related primarily to the noncarbonate or acid insoluble constituents
in the rock. Since 1946, the Virginia Highway Research Council has
accumulated a large number of pavement friction measurements and a
great deal of information on aggregate characteristics. Based on these
data it appears that a simple relationship exists between the total acid
insoluble content of Virginia limestones and their polish resistance as
evaluated by stopping distance numbers. On the basis of this relation-
ship and observations on traffic volumes, tentative guidelines for the
use of limestones in pavement surfaces are proposed. The essence of
these guidelines involves the use of limestones with increasingly higher
insoluble fractions in pavement surfaces carrying progressively greater
traffic volumes. In this way it is thought that certain relatively impure
limestones may be used in pavements that carry up to 10,000 vehicles
per day. It is felt that, if selected limestones can be used in pavement
surfaces, considerable economies will result because many states are
either excluding or are considering exclusion of all limestones from
pavement surfaces. It is recommended that other states carryout sim-
ilar studies relating pavement friction to limestone aggregate charac-
teristics, particularly the insoluble content. In this way the tentative
guidelines suggested here may be refined and found useful in areas out-
side of Virginia.

eONE OF THE most pressing problems in highway construction and maintenance is
that of building in and maintaining adequate skid resistance in pavement surfaces carry-
ing large volumes of high-speed traffic. This problem was recognized in Virginia as
early as 1946 when the continuing program of skid resistance research began. Early
research in this field brought to light several interesting facts: (a) In some areas of
Virginia skidding accidents were significantly higher than in other areas of the state;
(b) aggregate type had a significant effect on coefficient of friction values; and (c) the
coarse aggregate in bituminous and the fine aggregate in concrete have the most effect
on the friction properties of the respective pavements. The investigations reported
here involved bituminous surfaces only. It was subsequently noted that limestones
comprised the major source of aggregate in those portions of the state where rates of
skidding accidents were high, and that the great majority of all of the slippery pave-
ments measured statewide were surfaced with limestone aggregates. (The term "lime-
stone' is used to include both limestone and dolomite rocks.)
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Following these early efforts, a significant amount of skid test data was gathered
with both the stopping distance method and a skid trailer. These data indicated that
wost vl the limeslones quarried in Virginla were unsultable for use in the surfaces of
high speed-high traffic volume pavements. Consequently, specifications were drawn up
to exclude the use of limestones in the surface courses of Interstate and primary roads.
Subsequently, it was found that 2 sources of impure limestone quarried from the Arch
Marble formation in the Lynchburg area produce aggregates that provide relatively high
skid resistance; therefore, the 2 Lynchburg quarries are permitted to provide aggregate
for all pavement surfaces except those in the Interstate system.

Once it became apparent that most of Virginia's limestones did polish and become
slippery, research aimed at remedial measures was undertaken. Blends of nonpolish-
ing aggregate and limestones were used in surface courses on pavements in Virginia as
early as 1955, and experiments with thin silica sand overlays were instigated by Dillard
et al. (5) during the same year. These measures proved highly successful in increasing
pavement friction and are now used extensively in those portions of Virginia where lime-
stone is the major source of aggregate.

Although the majority of limestones tested tend to become slick when subjected to
heavy traffic, they differ significantly in polish susceptibility. This difference was spe-
cifically noted by Shelburne and Sheppe (8), Nichols et al. (5), and Nichols (6) in Vir-
ginia, and several investigators in other states. Further research by Sherwood (9) and
Gray and Renninger (4) showed that the amount and nature of the acid insoluble mineral
grains contained in limestones were primarily responsible for their variable wearing
characteristics. Goodwin (3) describes several other methods that are and have been
used to pre-evaluate pavement materials for skid resistance.

Although some states and federal agencies have outlawed the use of limestones in
heavily traveled road surfaces, no state or agency, to the writers' knowledge, has at-
tempted to set forth specific standards or test procedures whereby limestones could be
differentiated on the basis of polish susceptibility and specified for use accordingly.

The writers believe that, in the absence of a test procedure for predetermining the
polish susceptibility of limestones, many states have and will continue to arbitrarily
outlaw all aggregates of this type in surface courses. To safeguard against the waste
that results from this decision, the writers feel it is essential that criteria be developed
to enable pavement mix designers to classify limestone aggregates with regard to their
skid-resistance properties.

Therefore, the purpose of this report is to propose acid insoluble tests and specifi-
cation limits for this differentiation and to establish tentative guidelines for the use of
limestones in selected pavement surfaces. - Because this is the initial effort to estab-
lish such guidelines, those proposed should be considered tentative at best. However,
the writers believe that the experience gained in Virginia may serve as a starting point;
and if other states and federal agencies gather and make available data on limestone
properties and related pavement friction, then the guidelines can be changed to reflect
this additional input of information.

One final note: This paper does not pretend to report on a single study that was care-
fully designed and controlled. It is more a compilation of skid data accumulated in
Virginia over a period of time by several investigators by several test methods. These
results, in turn, have been correlated with acid insolubles from the limestones involved
In some instances, careful control may have been lacking. However, it is the writers'
belief that enough data representing a broad spectrum of pavement ages and conditions
have been accumulated and carefully processed to permit establishment of some valid
trends and conclusions.

SOURCES AND COMPOSITION OF LIMESTONE
AGGREGATES IN VIRGINIA

Limestone is the primary source of aggregate in the valley and ridge physiographic
province of western Virginia. This section encompasses roughly one-third of the state
(Fig. 1). The carbonate rocks found here are both limestones and dolomites. They
formed as partof the Appalachian geosynclinal sequence and range inage from Cambrian
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Figure 2. Distribution of carbonate compositions Figure 3. Distribution of insoluble residues deter-
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to Mississippian. Figures 2 and 3 show the general composition of carbonate aggregates
quarried in the state (10). Individual rock samples tend to be either predominantly cal-
cite or predominantly dolomite rather than mixtures of the 2 minerals (Fig. 2). For ex-
ample, of the 224 samples processed, 47 were predominantly calcite and contained less
than 5 percent dolomite, while 60 were predominantly dolomite and contained less than
5 percent calcite. The range of insoluble residues for the same group of 224 samples

is shown in Figure 3. Clearly, limestone aggregates produced in Virginia tend to con-
tain low percentages of insolubles, with more than 50 percent of the samples falling in
the interval between 0 and 10 percent. On the other hand, the 3 highly impure lime-
stones considered by Gray and Renninger (4) as having excellent skid-resistance prop-
erties contained from 36 to 48 percent insolubles. It would appear that these kinds of
rocks are typical of the vast majority of Virginia limestone aggregates (Fig. 3).

In order to relate some of the available data on skid resistance to limestone compo-
sition, the present paper considers aggregates from 25 major limestone-producing
quarries in Virginia. Table 1 gives the geologic formations in which the quarries are
located and a brief description of the rock type or types quarried. Several quarries
are producing stone from more than one geologic formation. For instance, the Augusta,
Verona, and Holston River quarries produce both the high calcium New Market-Five
Oaks limestone and the more dolomitic Beekmantown. Pounding Mill produces from at
least 3 middle Ordovician formations.

SKID-RESISTANCE DATA AND ROCK PROPERTIES

During the past 23 years skid test data and coefficient of friction measurements have
been compiled for Virginia's pavements by a variety of methods. This compilation in-
cludes a large amount of information on limestone and other pavement surfaces. For-
tunately from the standpoint of safety but unfortunately from the research viewpoint,
limestone pavements carrying relatively high traffic volumes have been covered by skid-
resistant overlays. Also, as mentioned earlier, no new limestone surfaces are being
constructed on primary routes. Consequently, it is now difficult to accurately evaluate
the differences in the wearing characteristics of Virginia limestones, and this paper
must be based to a large extent on past studies. However, most of the acid insoluble
data are new as are the analyses of the relationship on the interdependency of skid re-
sistance on quantity of acid insoluble material.

For the sake of uniformity, all of the skid test data have been converted to and re-
ported as 40-mph stopping distance skid numbers (SDN,,). The term SDN is equal to



TABLE 1

GEOLOGY OF LIMESTONE QUARRY SOURCES

Age Formation Quarry General Lithology
Ordovician Edinburg Barger, Mundy Dark gray to black, dense limestone with contrasting
No. 2, Frazier white calcite veins. Medium bedded but frequently
shaley partings affect rock breakage and shape.
Lowville Kentucky-Virginia Fine-grained, light gray limestone with mottled,
reddish and fossiliferous beds, with minor shale
and chert.

Perry-Ward, Pounding Mill Varied lithology composed of a series of interbedded
Cove-Lincolnshire fine limestones, coarse-grained fossiliferous lime-

stones, and medium-grained limestones, with some
chert nodules and shaley partings.

New Market Augusta, Verona, Very fine-grained, dove gray, high calcium lime-
(Mosheim)-Five Chemstone, Swords stone (calcilutit). Clear, coarsely crystalline cal-
Oaks Creek, Holston River cite 'eyes' are common.

Beekmantown Elkton, Riverton, Series of interbedded dolomites and limestones.

Betts, Augusta, Texture ranges from very fine to medium and color

Belmont, Radford, from very light to dark gray. Beds are thick and

Holston River, massive with some chert. Pembroke quarry is lo-

Pembroke, Virginian cated in a high magnesium dolomite with less in-
soluble residue than normal Beekmantown.

Cambrian Conococheague Perry, Pendleton Conococheague is quite variable. Rocks exposed are

medium to thick bedded, medium-grained lime-
stones, and dolomitic limestones. Color is dark
gray with white calcite fracture fillings.

Elbrook Blue Ridge, Elbrook is quite variable. At the Blue Ridge quarry,

Mundy No. 1 fine to medium grained, dark gray dolomites, and
light gray shaley dolomites are most common.
The Mundy quarry is located in massively bedded,
highly fractured (brecciated) dolomites. Two
distinct rock colors, one a pinkish tan and the other
a medium gray, can be seen.
Shady Rockydale, Liberty The Shady is a relatively pure dolomite ranging in

Unknown (probably
early Paleozoic)

Arch Marble

Lynchburg

color from medium gray to light tan and off-color
white. Bedding is usually massive, and blends of
white, recrystallized dolomite are common., Tex-
ture is fine to medium.

Metamorphosed, impure limestone. Rocks are
medium to coarse grained with variable amounts of
muscovite, biotite, and quartz. Bedding and folia-
tion both affect rock fracture, yielding slabby to
equidimensional particles.

the stopping distance coefficient of friction times 100 when the coefficient of friction is
calculated as follows:

where

U
v

S

coefficient of friction;
test velocity; and

v2
b = 308

= stopping distance in feet.

The conversion curves for determining the SDN,, values from data of tests performed
by methods other than the stopping distance car are taken from Dillard and Allen (2).

A compilation of the available data for skid tests made on wet pavements containing
aggregates from the sources selected for this study is given in Tables 2 and 3. Table 2
gives a resume of the skid test data for each quarry source. The number of sections
tested and the total number of tests for all sections are given, along with the range for

all tests and the average for each quarry source.

All of the sources studied show a

wide range of stopping distance values, undoubtedly reflecting a wide range in age,
traffic volume, and general pavement condition.
considerably higher and lower than the minimum SDN,, of 40 observed in Virginia as
desirable. Although there is no required minimum for new construction in Virginia, it
has been the policy of the Virginia Department of Highways to resurface all primary,
arterial, and Interstate highways that are found to have a SDN,, below 40.

All but a few produce extreme values



SKID TEST DATA FOR VIRGINIA LIMESTONES

TABLE 2

SDN&,
Quarry Number of Sections Number of Tests —_ Rating
Range Average
Lynchburg 3 47 47-59 53 Good
Blue Ridge 24 200 32-57 44 Fair
Elkton 11 8 31-52 44
Mundy No. 1 13 50 32-47 43
Betts 33 119 34-57 43
Barger 34 177 29-54 42 Poor
Belmont 1 10 35-50 42
Pendleton 4 66 35-52 42
Perry 17 149 31-46 42
Kentucky-Virginia 5 15 35-46 40
Rockydale 28 159 29-52 40
Liberty 19 86 31-49 40
Riverton 8 55 29-46 40
Radford 15 121 26-48 40
Augusta 1 20 28-46 39 Unacceptable
Virginian 4 47 32-46 39
Pounding Mill 7 83 26-46 38
Mundy No. 2 4 33 32-43 38
Holston River 12 54 36-46 37
Frazier 2 27 31-43 36
Swords Creek 1 25 21-43 34 Critical
Verona 2 6 34 34
Pembroke 1 12 30-35 33
Chemstone 12 75 19-39 31

4Use of SDN (stopping distance number) conforms to the usage of Dillard and Allen (2).

TABLE 3

COMPOSITION AND COEFFICIENT OF FRICTION VALUES FOR

VIRGINIA LIMESTONES

Average Calcite-Dolomite
Quarry SDN,, TO%GI;I::;:)!J leg Insolubles Percent of
(percent) Total Carbonate

Lynchburg 53 37 37 100-0
Blue Ridge 44 17 13 64-36
Elkton 44 10 60-40
Mundy No. 1 43 13 1-99
Betts 43 13 54-46
Barger 42 11 10 83-17
Belmont 42 12 63-35
Pendleton 42 5 5-95
Perry 42 12 54-46
Kentucky-Virginia 40 9 86-14
Rockydale 40 9 1-99
Liberty 40 10 1-99
Riverton 40 3 57-43
Radford 40 9 3-97
Augusta 39 6 8 10-90
Virginian 39 8 2-98
Pounding Mill 38 8 82-18
Mundy No. 2 38 9 97-3
Holston River 37 8 10-90
Frazier 36 7 93-7
Swords Creek 34 3 5 95-2
Verona 34 7

Pembroke 33 6 5-95
Chemstone 31 2 100-0

2Appears to be anomalously low.



TABLE 4
GRAIN SIZE OF INSOLUBLE RESIDUES FROM SELECTED QUARRIES

Grain Size
Total Insolubles —
Quarry SDN, (percent) Percent Percent Percent
+270 +140 +10
Lynchburg 53 37 24 20 6
Blue Ridge 44 17 12 11 5
Mundy No. 1 43 13 5 4 2
Betts 43 13 1 1 1

Belmont 42 12 1 trace trace

The average SDN should also be noted. Only the Lynchburg quarries are producing
limestone that could be classified as high friction aggregates. Another group of 4
quarries might be considered as fair, and 9 quarries as poor. Average results from
the remaining 10 quarries are unacceptable by Virginia standards. Values of 34 or less
are rated as critical and indicate a distinct hazard to drivers at even moderate speeds.
Because of the generally low average values and the presence of sites testing well below
40, the use of all limestones—except the Lynchburg material—has been banned in Vir-
ginia from primary, arterial, and Interstate surfaces.

Results of insoluble residue and carbonate mineral analyses are given in Table 3.
Here it is clear that a direct relationship exists between insoluble residue percentage
and aggregate-wearing characteristics as reflected by SDN,, values. Equally clear is
the lack of any trend when calcite-dolomite percentages are compared with SDN,, values.

In a separate study, which is not yet complete, the grain size of the insoluble residue
fraction is being measured and compared with aggregate-wear characteristics. As
would be expected from the previously mentioned works of Sherwood (9) and Gray and
Renninger (4), and as substantiated by Burnett, Gibson, and Kearney (1) in New York,
the size distribution of the insoluble fraction affects pavement friction values. Pre-
liminary results of this study are given in Table 4.

Although this relationship between coarseness of insolubles and coefficient of friction
does appear to exist, it appears that an even better relationship may exist between total
insolubles and friction coefficients. This appears to be especially true in the case of
the Betts material, which contains 13 percent total insoluble materials but only 1 per-
cent greater than the 270 mesh. Yet the SDN,, for surfaces made with Betts is rela-
tively high at 43. Unquestionably the relationships involved here require further de-
tailed study.

Efforts have been made to correlate overall rock texture (grain size) with polishing
characteristics in a manner analogous to that used by Shupe and Lounsbury (11). Un-
fortunately, most of Virginia's limestones are quite similar in texture, and no obvious
relationships could be ascertained. Studies of aggregates produced in other states may
yield a more definite relationship between texture and polish characteristics and should
be undertaken.

DISCUSSION OF RESULTS

In the classification of Virginia lime-
stones in order that their relative skid re-

, : A : TABLE 5
s1s?ance might be predeterm}ned, 2 cri- AT OF THSCLUEGE SEEDES D
teria are used. The most obvious method COEFFICIENT OF FRICTION VALUES
is the use of total insoluble residue per-
centages. Table 5 gives the average per- Rating Average SDN,, Ave&ﬁiemnf;’lubles

centage of insolubles for each of the 5

groups for which ratings aregivenin Table o 5 .
2. A relationship between coefficient of  Poor 11 9
friction and insoluble residue appears to  Unracceptable a8 8

exist. So that a closerlook could be taken  — 0% £ 5




8

of this relationship, Figure 4 was con- 44 T
structed by plotting coefficient of friction o 87% - 54)— »
versus insoluble residue for each quarry X "
source. A fairly well-defined curvilinear 40 .
relationship, similar to that obtained by - + ¥

38

Burnett et al. (1) for insolubles coarser

+ b
than 200 mesh, is evident. It is thought S 3 ke
that more detailed sampling and insoluble & -
residue measurement for these and other =~ * !
limestone sources will clarify this rela- az -
tionship.

A second method of classifying the polish 30 . .

resistance of these groups of aggregates
involves the relationship of skid numbers
and geologic formation. The results of this e T T
treatment are given in Table 6. Average
percentages of insolubles are also included,
and they provide additional insight into this
relationship. Geologic formations show
varying degrees of polish resistance.
Further insight into the effect of the
grain size of insolubles on skid numbers is
also forthcoming. For example, data given
in Table 6 show that the Conococheague and the Edinburg formations both contain 9 per-
cent insolubles but have SDN,, values of 42 and 39 respectively. Based on other studies,
it is well known that the major portion of the insolubles from the Edinburg are in the
clay range, whereas the Conococheague contains considerable sand and silt. Insolubles
from the New Market- Five Oaks limestones, which provide a very low SDN,, of 35, are
very fine.

28

Total Insoluble Residue, Percent

Figure 4. Effect of insoluble residue on polish
resistance.

TENTATIVE GUIDELINES

The philosophy on which this paper is based is that the suggestions made here should
serve as a base for further development rather than as precise, rigorous standards.
Certainly, as data accumulate from other geographic and geologic areas and from within
other agencies, these suggested limits on the use of limestone aggregates will be altered.
With this in mind, we offer the following tentative guidelines for the use of limestones
in pavement surfaces.

1. For Interstate and other heavily
traveled roads with a traffic count of more
than 10,000 average vehicles daily, no car-

TABLE 6 bonate aggregates have been located in Vir-
COEFFICIENT OF FRICTION VALUES FOR ginia that would be suitable fqr unlimited
AGGREGATES FROM SELECTED use in the surfaces of these highways.
GEOLOGICAL FORMATIONS 2. For roads with a traffic count of
Aerake SDN,, less than 10,000 average vehicles daily,
Formation Insolubles = - limestones of the Arch Marble type quar-
(percent) ~ Range Average  1ieq gt Lynchburg with insolubles over 30
Arch Marble 37 —a 53 percent and preferably coarse grained are
Elbrook 15 43-44 44 suitable
Conococheague 9 42 42 ‘ . .
Beekmantown 8 33-43 41 3. For roads with a traffic count of
il:;‘ri‘yille g ig 28 less than 4,000 average vehicles daily, ag-
Edinburg 9 36-42 39 gregates from the Elbrook formation
Pgrry—VLVard, . » . (Table 6) or those classed as fair (Table
-Li i 4 .
g i e 2) from Blue Ridge, Elkton, Mundy No. 1,
(Mosheim)-Five Oaks 5 31-37 35 and Betts quarries with insoluble residue

2pavements made with Arch Marble aggregates were not separated on the minimum Of 15 percent appear tO hO]'d
basis of quarry source when skid tested. promise_
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4. TFor roads with a traffic count of less than 1,000 average vehicles daily, aggre-
gates with insoluble residue minimum of 10 percent, including most of the sources
classed as poor or above (Table 2) are suitable.

5. For roads with a traffic count of less than 150 average vehicles daily, any lime=~
stone that passes the normal physical tests should be acceptable.

SUGGESTIONS FOR FURTHER STUDY

The following suggestions are offered to other workers interested in the role of
limestone aggregates in pavement surfaces. These may be particularly appropriate in
states where considerable limestone is still exposed in pavements carrying high traffic
volumes.

1. Survey pavement friction for specific regions where a variety of limestones have
been used in the pavement surfaces and where accurate records on aggregate sources
are available. In this way, high and low friction values may be related to specific
quarry sources and geologic formations.

2. Conduct detailed sampling and laboratory analyses of sources providing limestone
aggregates for the pavements surveyed. The analyses should include total insoluble
residues, grain size, and mineralogy of insolubles and may include carbonate mineral-
ogy and texture. (Methods used for determining total insoluble residues and calcite-
dolomite ratios are outlined in the Appendix.) It will be particularly critical to deter-
mine the relative effect of fine versus coarse insolubles on skid resistance.

3. Correlate limestone pavement friction measurements with age and traffic volume
for a variety of highway types.

ACKNOWLEDGMENTS

The writers extend their thanks to Paul Skeels of the General Motors Corporation
for his cooperation in running the first statewide survey of pavements in Virginia using
the GM skid trailer. Also, the writers acknowledge their liberal borrowing of data
from the works of J. H. Dillard, F. P. Nichols, and the late Tilton E. Shelburne who
conducted many of the early pavement friction studies in Virginia.

REFERENCES

1. Burnett, W. C., Gibson, J. L., and Kearney, E. J. Skid Resistance of Bituminous
Surfaces. Highway Research Record 236, 1968, pp. 49-60.

2. Dillard, J. H., and Allen, T. M. Comparison of Several Methods of Measuring Road
Surface Friction. First Internat. Skid Prevention Conf., Proc. Part 2, 1959,
pp. 381-410.

3. Goodwin, W. A. Pre-Evaluation of Pavement Materials for Skid Resistance—A Re-
view of U. S. Techniques. HRB Spec. Rept. 101, 1969, pp. 69-79.

4. Gray, J. E., and Renninger, F. A. Limestones With Excellent Nonskid Properties.
Crushed Stone Jour., Vol. 35, No. 4, 1960, pp. 6-11.

5. Nichols, F. P., Dillard, J. H., and Alwood, R. L.. Skid Resistant Pavements in
Virginia. HRB Bull. 139, 1956, pp. 35-59.

6. Nichols, F. P. Further Studies on Skid Resistance of Virginia Pavements. First
Internat. Skid Prevention Conf., Proc., Part 2, 1959, pp. 461-468.

7. Shapiro, L., and Brannock, W. W. Rapid Analysis of Silicate, Carbonate, and
Phosphate Rocks. U.S. Geological Survey, Bull. 1144A, 1962, 56 pp.

8. Shelburne, T. E., and Sheppe, R. L. Skid Resistance Measurements of Virginia
Pavements. HRB Res. Rept. 5-B, 1948.

9. Sherwood, W. C. A Study of the Crystallization and Mineral Content of Some Vir-
ginia Limestones With Possible Relationship to Their Skid Resistance Perfor-
mance. Virginia Highway Research Council, Progress Report 1, 1959, 30 pp.

10. Sherwood, W. C., and Newlon, H. H., Jr. A Survey for Reactive Carbonate Ag-
gregates in Virginia. Highway Research Record 45, 1964, pp. 222-233.



10

11. Shupe, J. W., and Lounsbury, R. W. DPolishing Characteristics of Mineral Aggre-
gates. First Internat. Skid Prevention Conf., Proc., Part 2, 1959, pp. 509-536.

12, 'l'ennant, C. B., and Berger, R. W. X-Ray Determination of Dolomite-Calcite
Ratio of a Carbonate Rock. American Mineralogist, Vol. 42, 1957.

Appendix

PROCEDURES USED FOR ANALYSES OF TOTAL INSOLUBLES
AND CALCITE-DOLOMITE RATIOS

Insoluble Residue Analysis

1. Collect field samples of about 500 grams from each important lithologic unit ex-
posed in a given quarry.

2. Saw a thin slab perpendicular to bedding from each sample; mark and store for
thin section use.

3. Crush the remaining sample so that all material is less than % in.

4. Split the sample to approximately 200 grams, weigh accurately, and put into a
clean, labeled Y%-gal jar.

5. Add 400 ml of water and a slight excess of concentrated HCL over the amount
needed (approximately 1 ml/gram of rock) to react with the available carbonate. Stir
the mixture over a period of days until all reaction ceases.

6. Wash the insolubles free of excess ions by filling the jar with tap water and allow-
ing all of the material to settle (about 48 hours); pour off the clear solution. Repeat
procedure 3 times.

7. After the third cycle, wash the insolubles into an evaporation dish, dry at 100 C,
and weigh.

Calcite-Dolomite Determinations

Two methods have been used in Virginia to determine the relative amounts of calcite
and dolomite in the carbonate fraction.

X-Ray Method—This is essentially the method of Tennant and Berger (12). It in-
volves mixing known amounts of finely powdered calcite and dolomite to form standard
samples. These samples are then X-rayed by using a diffractometer with strip chart
recorder. The areas under the major peaks of calcite and dolomite are measured, and
a standard curve is constructed to show the peak area ratios versus the known calcite-
dolomite ratios. The unknown field samples are then powdered and X-rayed. The peak
area ratios of the unknowns are determined and compared to the standard curve. This
mecthod is accurate to about 5 mole percent.

Chemical Method—This method involves the determination of calcium and magnesium
by EDTA (7). All of the magnesium and calcium thus determined are equated to per-
centages of MgCO; and CaCO;. A mole percentage of CaCO, equal to the total mole
percentage of MgCO, is then subtracted from the CaCC; value and added to the value for
MgCO; to get percentage of dolomite. (This is done by multiplying the percentage of
MgCO, by 100.09/84.33 to get the mole percentage of CaCO, equal to that of MgCOQ,. This
value is then added to the percentageof MgCO, toget percentage of dolomitein the rock.)
The remaining CaCQ, is considered to be calcite. Such an approach does not allow for
the possible existence of a solid solution of Mg in calcite or Ca in dolomite. However,
in the Paleozoic carbonates studied in Virginia these effects were small enough to be
disregarded.






