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132 Graham Avenue prington 29, Ky.
March 24, 1947

File: A-1-6
Res. Proj. C-22

Memo. to Dean D. V. Terrell.
Director of Reseerch

Attached 1s our first written report of progress on
Research Project C-22, "A Study of The Provnerties of Coarse
Aggregates™, nrenared bv James L. Young, Materials Engilneer.
This study was ajoroved at the meeting of the Research Board
on February 25, 1946 (see page 3 of the minutes of that meet-
ing), and a onreliminary oral report or discussion was given
by Mr. Young during the laboratory insmection last November 25.
You will recall a large wall disnlay with photogranhs, small
samples, and dlagrams used to 1llustrate the project.

Initial vwortions of the work have been directed towrard
limestones, and a large part of that originallv nlanned has
been completed insofar as techniques and comprehensive minera-
logical nromerties are concerned. In thls categorv there re-
mains, however, detelled enalvses for clay minerals which are
thought to be determining factors in aggregate performance.
Several other incldental measurements have also been bplanned
as set forth in ths* prrt of the renort headed "Future Work".
Finally, the last of four quarriecs originally selected must be
sampled and treated as have the others.

The important noint at thls stage 1s the fact that
practically all of the primsry development work on technlques
and means for analyses has been done, and we are now at a point
where detalled physical tests on the dl fferent meterials them-—
selves can be started, and also stone whose intrinsic proper-
tles esre known can e olaced in concrete and bltuminous mixes
to give us the nerformance data we are seeking. From that
point on, develovment of new ohysical tests and correlative
specificﬂtions (1f possible) will be . our objectives.

Because of the complexity of thlis revort and the fact
that 1ts contents are strange to engineering literature, I have
asked Mr. Young to give a brief summary of hils »ork at the
Research Board Meeting today.

L. E. Gregg
LGk Assoclate Reserrch Engineer
cc: Research Bo=rd Members:
Commissioner Watkins
Chairman Cutler .
Vice Chairman Bray T. R. Lannon
J. A, Biltterman H. D. Metcalf
H. R. Creal C. B. Owens
G. H. Halley R. E. Shaver
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INTRODUGTION

Researth Prgject C-22 is an investigation of the geologic
aspects of limestone aggregate that might ceuse faillure if used
in highway censtruction, This represents werk being carried on
at the Highway Materisls Research Laboretory in Lexington. The
end point of this werk is to determine the ceuse or causes of
failure and previde a test thet will delete faulty materials from
construction work.

In order to evaluate the engineering aspect of the author's
work, 8 study ef the physical tests of these same aggregates is
to be made. A correlation between Laborrtory Anelysis and rer-
formance Surveys of these same aggregates in roads should be
sufficient to meke pertinent observetions.

Limestone varies in any and all proportions of its basi:
constituents, with the introduction of some new minerals from
time to time. As defined, limestone should be composed of cal-
cium carbonate plus some small amount of impurities. The veria-
tion in amount and types of impurity give a limestene its charac-
teristics and this variation is so unique that very rarely will
two limestones be identi&al. The variation in minerals is com-
nlex, 1inasmuch as two different minerals having the same elements,
may have entirely different reactions to any influence brought
upon them. As to the limits set on the name "limestone',.the
presence of 50% carbonate material should assign a rock as iime--
stone. A chemical analysis, although helpful, will not be a
vositive criterion as the analysis tells only the compounds pres-
ent and not the way in which they are combined,

It seems a reasonable hypothesis that the impurities pres-
ent are the dominant agents in any faillure of limestene aggregate
and a careful comparative study of these impurities sheuld shuw
whether the premise is well founded. This, then, is the ms.n
objective of the study.

The imnurities present could be roughly classified as
follows:

1. Elements#

2. Bulfides and Sulfo Salts

a. Halides

Oxides

5. Nitrates, cerbonates, etc.

6. Sulfates, Chromates, Tungstates
7. Beretes, Aluminates, etc.

8. Phosphates, Vanadates, Arsenates
9., Silicetes, Titanates, etcs
10. Organic Compounds

As the myriad possibilities could occupy three or four
hundred typewritten pages, an effort to simplify and concentrate
on the more obvious and common things present has been made.
Listed below are the most common minerals which. are expected to
te of conseduence in variable reections of limestone as a cmarse
aggregoate.

* Exemple: Diamond which is native cerbon.
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1.

2.

3.

8.

9.

D

Elements - negligible

Sufides and Sulfo Salts - Pyrite Fe 57
Galena Pb S
Sphalerite (Fe,Zn)S
Marcesite Fe 5p
Pyrrhotite FeS

Halides -~ Fluorite Ca F,

Oxides - Water H,0
Hematite Fep013
Rutile T102
Pyrolusite Mn 0o
Bauxite A1203yn H-,0

Limonite Fe203.H20
Zinkite Zn0O

Nitrates, Carbonates and Menganites -

Dolomite Ca (Mg, Fe, Mn)(ﬁzdé§‘m !
Magnesite MgCOB

Siderite Fe 003

Ehodochrosite Mn CO

3
Aragenite CaCO3*¥
Smithsonite Zn CO3
Strontianite Sr 003
Witherite Ba 003
Cerussite Pb COB

Sulfates, Chromates, Tungstates, lolybdetes

Barite "Ba S0y

Anhydrite Ca S0y
Celestite ©Sr 80y
Anglesite Pb S0y
Gypsum Ca 865 ¢ 2 H,0

Berates, Aluminates, and Ferrites -~ bdagnetite
(Fe, kn, Zn) Fe,0),

Phesphates, Vanadates, Arsenates, Columbates -

‘Apatite CaBF (PO‘,_})3
Silicates, Titanates (iiost formulas_are too long
to be reported here?

Orthesilicates - Garnets Z*(Mg,Fe,Mn)BAIZSiBOlz
through Caj(al,Fe,Cryp (8145015 7

e Wg%%%te elso is written CaGOB‘but occuples different grystaliine
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Metadisilicates -~ Micas - = = = - - ~
Metasilicates (Rings) Pyrexines - - - -
Metasiliestes (Cheins) Amphiboles - - -
Hydrous - Zeeolites - - == — = = = - =
Special Metadisilicates - Clay Minersls - - -
Diexide type - Quartz S1 Si O

(all varities%
Feldspars - = = = = = = = = = - - - - -

10, Organie Cempounds - Hothing is known of these as yet.

In order thet the scope of the problem be simplified, the
number of operatlens hes been limited to a few elementary stens,
Any results will serve to direct work into mere detalled invesisi-
gation aleng significant neths.

The operetiens have been designed te determine the amount,
kind, end errengement of impurity. Thus preliminsry work on this
nroject as reported herein weas concentrcted en procedures enpli-
cable to these determinetions.
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TECHNIQUE

Sam»nling

Four quarries were selected for study, three of which
have been sempled. The tool used was a geologlc hammer: The
operator selccted some vertical face which was accessible, marked
off levels with & hand level, and was then ready to ssmwnle.

Specimens were collected from every foot of the quarry
and marked according to theilr elevation ebove the quarry "floor".
The 1deal size was 3" x 3" x 2" in each case enough material be-
ing present to insure sufficlent quantity for every test. Two
specimens were collected cvery foot, one orlented with an arrow
for the purpose of making thin sections, and the other unoriented
for the purpose of determining the amount and type of insoluble
residue., When 1t was determined whet part of the quarry was
"stripped" that part was omitted with notations made thereof.
Care was taken to insure the "freshmecss" of cach sample. No
shale was taken. (See page 55 for Possibility of Error =nd Con-
clusion). :

Separetion f

_ The samples were carefully arranged on & laboratory desk
in preparation for study. They were segregated into zones by
two methods. (1) Visual with optical assistance, and (2) speci-
fic gravity determinations. These zones were arbitrary and were
included in thils study for correletion purpeses with Quarry Logs
that heave been prepared in the mast.

In the visual examination, the semples were examined in
order to writc a brief description of the rocke In difficult de-
terminations the use of a hand lens (Coddington) or binoculer
microscope was the adulckest method, Any description of this
nature would not be finel =2.s & more detallced description was
made later.

The method of bulk specific gravity(“) was used in chech-
ing samples. Its relation to mineral constituents of aggrcgate
1s not direct, but because thlis determinetion has been fundamen-
tal to prior legging end claessificetion, 1t was retalned for

check purposcss (See page 55 for Possibility of Error and Con-
clusion).

Crushing

The samnle intended for use in the insoluble residue test
was crushed to & material finer than 3/8 inch in order to facili-
tate the actlon of acild in the insoluble residue process. The
crusher used weas o Jaw type Universal Crusher, Size 1 M. (Sce
nege 55 for Fossibility of Error and Conclusion).

(1) Bulk S. G.d“ Weight of szmple in alr
g Loss of wkight in watcer

(no arying prccaution.)
yaoo D0 o

~
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About three drops of Canada Balsam were slowly hcated on
the frosted side of a clinical glass slide, to the point wherc a
drop of the balsam on 2 ncedle point snapped when pressed against
a solid surface. The squarc slice of rock was simultfneously
heated to the samc temperature es thc balsam. At the completion
of "cooking" the balsam, the rock slice was lowcred onto the
heated balsam and pressed down firmly with a2 slight rotation to
force out ecxcess balsam and alr bubbles. If bubblcs were present,
it wes necessary to remount the specimen. :

When cool, the slide was used as & hand held in order to
grind the specimen to a recuired transperency. Coarse Carborun-
dum grain was used to remove the largest part of the specimen
and the final ebrading was done with 3F powder. This finel grind-
ing was exceedingly delicate and much care wes cxcrcised to avold
complete loss of sample due to rxcess grinding. Finel thickness
was approximately 0.1 mm.

When the specimen was &t its required transparency, @
cover slip wes covecrced with Canada Balsam and slowly hcoted.
Only partial "cooking" was required ot this time. Thc heoted
belsam was poured on the warm specimen with o gentle rotation.
When all 2ir bubbles and exccss balsem hed been removed, the
slide was ellewed to cool, The overflow balsam was cleaned off
with Xylol or white gesoline and the slide was properly lebeled.
It was then resdy for study. (See vege 56 for Possibility of
Error and Conclusion).

Insoluble Residue Process

The crushed meterlel waes welghed out on 2 becem balencc.
Twenty grams of matcrial wts put in e 800 ml. beeker and 20 grems
of materiel was put in samplc bottles as an assurance of heving
cnough material in casc of loss of one¢ sample in thc process of
insoluble residuec determination. The material in the beaker was
partly dissolved in about 50 m)l. of 6N-HCl at room tcmperature.
Acid was added slowly to insure that vieolence of the rcection
we.s not sufficient to cause loss through overflow of the becker
or through effervescence. As soon &s zll reaction hnd ceased
enother 50 ml., of 6N-HCl wes addcd. This was kept up until com-
plete digestion of the samnle occurred.

At this voint distilled water was added and the semple
deflocculeted. After being allowecd to settle for sight or morc
hours, the supernatant liquid wes filtecred off(Y%th en Olmstead,
lKiddleton, Alcxender pressure filter apperetus (See Fig, 2.

S5ix separate filtrrntions were carried on; ot thc eonclusion of
cach, the srcmple was dcflocculated with 150 mls of distilled
vetere At the conclusion of each deflocculation, the semple was
2llowed to settle for eight hours. After six filtrations, the
gample wes dried on a weter bath, the beaker was carcfully clcaned
on the outside, and thc beeker and 1ts contcnts werc then weighed.

(1) Krumbein, Pettijohn - "Sedimentary Petrography", ». 67,
McGraw, Hill.
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The insoluble rcsidue wes scrapecd out ond pleccd in
labeled samplc bottles which wcre filed for study. The beekers
were weshed, dried ond rcweighed, the differcnce in weight being
the eamount of insoluble residue. The recovery of the residuc wes
not onc hundrcd perccent but only enproximetcly so. The percent-
age was known and a representative fraction retoinced.

At the conclusion of thesc operations, the amount and
errangement of impuritics in thc rock werc known. Subscquent
study will reveel something of the gcologic history of the rock.
In order to find out tho neturc of thc mitterial prescent in the
rceidue, spccial methods were uscd,

These methods renwrescnt work th-t has becn ocpproachod,
but not completed. The identificetion of clay mincrels is but
one of thc endcavors in the detorminetion of the metcrials present
in insoluble residue. For othcr pecrtincnt methods, sce the dis-
cussion headecd "Future Methods",

The presecnce of one of the cxpanding lettice type clay
mincrels could be the most active source of dccemnosition. This
type of mineral has the highest affinity for weter, the largcecst
volume incrcase on wetting &nd has a high affinity for bose cx-
change together with several othcr extreme propertics whieh could
makXe the prcsence of this mineral very dcleterious. The mcthod
of insoluble residue determination which was first used was im-
practical for clay mineral determination and so a spccial method
wa.s used: '

Clay Mineral Rccovery (1)

Semples left after the thin sectioning proccss were ground
to ness a twenty mesh sicve and pleced in o glass vessel contain-
ing two liters of distilled weter. Chemically pure HC1 wes added
& few drons at 2 time until the limestonc was dissolved. The
solution end insoluble residue was then stirred vigorously and
2llowecd to stand for five hours or longer when the suspendcd
materiel wes siphoned off., The matcriel which settlcd wes disT \
carded as it was believed, on thc bnsis of previous expericnce 2*,
that the suspended material would previde & represcntetive sample
of the clay mineral content.

Enough Ammonium Hydroxide wns added to thc suspension *o
neutralize any hydrochloric ecid present,; ~nd producc &n alke-
line condition. After standing overnight, the suspended matcrial

(

l)Thc Clay Minerals in Illinois Ls & Delo. - Crim, LaMer, Srodley,
Journal of Gecology, Vol. 45, »p. 829-843, 1937.

(Z)Attempts to analyze an ordinery insolublc residue by X-roy
~rnalysis were balked beceuse quortz obscured the cleoy pottern.
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had ususlly flocculated and settled so that the supernatont liquid
could bc removed by siphoning. The solid meterial wos recoverecd
en & filter peper, thorcughly weshed and dricd. Hydrated iron
oxide in quantities sufficient to mask J-ray diffreaction patterns
wes elimincted by boiling thc solid sam»le in HC1 until the iron
oxide dissolved ond thc clay mincrals vere rccovercd by filtra-
tion. Thec solid rccovery ves kept in o 2 ml. stmple bottlec in
preparetion for X-roy analysiss (Sec »nnge 56 for Possibility of
Error and Conclusion).

X-Ray Diffraction

Aftcr the sermnle wes obtained, it was ground in & mullitc
mortar to mass a2 350 mesh sieve. The semple was then mixed with
collodion 2nd ether and coatcd uniformly on ~ cotton thrcad
several times. When the threcad hed uniform strength, =2bout one
inch of it weas trimmed off., This thread wns mounted on thc
moveable collet of & small Dcbye camera with moveble motor driven
chuck. Film was losrded in the camcre. and clemped, filters were
inserted ~nd the cemers serlecd. A Ni1O filter wrs used with Cu
rediation.

A second mcthed which might be followed is to use an os-
clll~ting center losded powder wedge spccimen holder which per-
mits the use of organic polyoxides in difficult cxpending lattice
typc determinations. The smell Debye Cemere is used with o
specisrlly adapted type eccentric., This equipment, however, 1is
not svanllable at present.

In the process that was followed, the X-ray tube wes
evecuated to the point wherc only a few molecules of a2lr were
retained to carry the clectronic cherges across the intervening
orce. from 2node to cathodes The cooling system wes storted prior
to this and kcpt thce tube sufficicently cool., Now slowly a cherge
wag bullt un to the noint where an intcnsity of 10 mm. emps wes
observed and the "hardcning" process starteds Yhen o vcltage of
60,000 volts and 2n intensity of 10 mm. amps wes obtailned, = Nif
filter was used to test the intensity of X-rays by removing o
lead shield from o “window'.

When this was observed teo be sufficiently intensc, the
"hardening® process wes finished ~nd the tubc vas spoken of asg
"hordened", The small Dcbye Camera wes now lined up so the I
rays struck the samplc and thc motor thet revolves thc sample wnrs
storted. The sample was exposcd =~ minimum of two hours and the
negative wes then developed. A scrics of lines were present on
the film, the pattern of thege lines indicated minercls prescnt

in the materinl tcsteds. (Sec prge S/ for Possibility of Error
end Conclusion).

Chemicel Analyses
Another endenvor to ascertaln the type of impurity end
perheps thce most obvious onc 1s Quentitative Chemical Analysis,

Much of this is still in the s*rge of speculation, but o few pre-
liminery tests of 2. genereal nature heave been compnletede These
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were largely routine dcecterminetions, the efficacy of which is
still to be determined. ZPossibly the mcthods of differcntinting
spnecimens for &n~lysis are more important thon the snalyticel
techniques themselves, cnd it is with rcgerd to thoso possibili-
tics that the following comments are given.

There 1s ne stondard chemlcal procedure  which can be out-
1ined as being applicable to all situations. Of all the
possible determinations which cean be mede, certain oncs cen
be considcred insignificant end irrevelent depending upon
the purpose of the anelysis and the conclusions which are
expected to be withdrawn from the information gained by the
analysis.

&

The first gcnerel rule in almost any anclytical vork is
the understanding of the nccessity of duplicote eanslyscs of
21l samples. This prcceaution serves to add proof to re-
sults end eclso verifies to e grect extent the procedure
from beginning to end. Once a method hes been adopted, it
should be strictly enforced until the study has been com-
nleted becsuse imony conclusions are drewn from the compare-~
tive study of results.

As an introduction to thec study of limcstone, it is
necossery to understend that limestonc 1s comnosed cssenti-
811y of calcium carbonste and olmest en innumereble varicty
of other minerals, all of which mey appear in variable pro-
portionse SN

SRR ‘;«It;would>be,desirable‘to,know the ezxact -nature of all
. “the minersals present; -however, due to.thc. complexity of - -
- -+the mineralogical and geological formrtions, & seperate
-;gstudy of "this kind is beyond - tho scope -0of ordinery . chemicanl
. analysis. “This is mentioned ns a-noint of interest to show
the scope of an ordinary chemical analysis. To illustrete
this'point further: o detarmination -of Galeium-Carbonate . : ..
“does nrot - show whether it exists inside 'or outside -of -chert
partioles. A separate snalysis of -the chert particles :
.would be necessary-to prove thc -difference. .The .existence
:of phesphorous-in the insoluble residue roauiros thc scpn—
_rote anﬂlysis of the insoluble residuc. .

In view of this comploxity, it is o customory procedure

- to anelyze & somple as o .wholc, -reporting the result of -,
-.ecech determinction as the totel percentege of the meterial
presents It is not intended to discredit the ndventagces of
an - Lnalysis on this basis, but it is merecly intondcd to show
‘thqt where -more echt information 1is desired, 1t is nccessary
to iselote the meteriel in question so thot 1t ey be.scpo-
retely enolyzed. (Sec page 60 for PossibiWity_of Lrror ~nd
Conclusion) -

(For detriled techniquec, .scc Appendix 2
. on Dsgc ' : _
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RESULTS

Four quarries were selected tentatively representing four
distinct classificetions: Excellent, Geod, Failr, and Poor.
This differentiation was based entirely upon performance records
applicable to pavements in which aggregate from the different
sources were used. Naturally, the rating at best must be general
in view of the fact that no distinction with regard to different
strata or zones in the quarries could be made., However, the
source rated "poor" has proven to be of pronounced low quality
insofar as pavement service 1s concerned; likewise, tests on con-
crete poured on the Louisville-Cincinnati road - Project SN-FA
194 E(3), F(3), L(2) - definitely indicate that aggregate from
this source was of superior quality. Otherwise, the rating is
largely a matter of interpretation based on visual ratings of
pavements that could be influenced by many varlables. The
quarries, together with geologic ages and ratings, are as follows:

Quarry No. One
Querry No. Two
Quarry No. Three
Quarry No. Four

Ordovician - Lexington - ¥air
Mississippian - Mt. Vernon - Good
liississippian - Olive Hill - Poor

Avoca
Silurian EProspect% Excellent

§

The first study of these quarries is not final but is
shown in as much detall as is thought necessary for a beginning.
Future tests intended on these quarries will be discussed later.

‘ , Quarry No. One
— o Source No. F1-1L-Q

Quarry No. One, sampled on April 18, 1946, is an spen pit
type of limestone quarry, used for construction and agricultural
purposes., It has been abandoned in favor of a better scurce snl
21l but about five feet of the lower geologic formation is
covered by water now. Lately, the quarry has been reopened efter
seven inactive years. This source may be rcughly classified as
- "Fair" for highway construction.

The quarry is composed of the uppermost gix feet of the
Jessannine limestone, and the lowermost forty feet of {the Benson
limestone, both membérs of the Lexington limestone ssries, By
lithology one formation is undifferentiated from the ctker, but
by paleontology the division may be made. A zone of residual
chert may be found in the weasthered Benson, conspicuous at three
levels,

The 1lithology may be roughly classified =s follows: Mas-
sive, weathering lenticular, dark gray weathering buff, medium
grained, irregular fracture, finely crystalline, bedding faintly
irregular and derived from shale streaks. The bedding is hori-
zental, non-rhythmic thickness. There are no discernible con- .
cretions but a geode is rarely found, The contact is conformable
and no deformation is indicated. The porosity is evidently
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primary as no especial recrystalliization or Jjointing features

were encountered.
curred post depositional and prior to lithification.

All changes are interpreted as having oc-
The lime-

stone is argillaceous in the usual sense of the word with vary-
ing amsunts of silicious matter present in the form of quartz

and chert, the chert rarely replacing fossils.

The fazunal cen-—

tent has a distinct tendency to be horizontal in arrengement
and evidence of its being contemporaneous with bedding phenomena

is positive.

This again is taken to be primary.

The gquarry was sampled from water level to the point at

which the stripping operation commenced,

feet occurring here.
get a "fresh" sample in every case.

Table No.

One

a. total of thirty-one
All shale was omitted and. care taken to

" Bulk ‘Specific Gravify and Percentage Itfisoluble” ™ -

Residue of Individual Semples From RQuarry One

Geologic Zone Eleve- Bulk Insoluble Zone
Formation Number tion | Specific Residue Lverage
Gravity -
30 Ft. | 2.67 6.0%
29 ¥, 2.69 3.5% I.R. 6.5%
Benson 5 28 " 2.70 6.5% S.G. 2.68
) 27 Il 2.70 6.5%
26 M 2.70 5e¢ 5%
25 2.65 8.5%
oL 2. 68 2 5%
23 2.69 L.5% I.R. 3.9%
22 M 2.69 6.5%
Benson L 21 " 2.67 2+ 5% S.G. 2.68
20 M 2.70 2.5%
19 © 2.65 5.0¢
18 " 2.68 6.0
17 " 2.69 6.5% I.R. 4.2%
16 0 2.71 h.0% '
Benson 3 15 2.69 2. 5% S.G. 2.69
| 14 o 2.69 ﬁ.ﬁ%
13 " 2.69 2.0%
12 " 2.69 2.5% _
11 " 2.72 5.0% |
10 W 2.70 4.0%
9 2,67 - 3.0% I.R. 2.83%
Benson 2 g 2.67 1.0%
g n 2.74 1.0% S.G. 2.70
I 2.71 3.0%
B g 2. 71 8.0%
_ L o 2.67 10.0% I.R. 9.0%
Jessemine 1 3 2.67 10.0%
2 2.66 6.5% S.G. 2.68
1" 2.66 8.5%
o v 2.69 10. 5%
2 - Insoluble Residue 5.145%
uarry Average Specific Gravity 2.6877
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Lao. 10, X%

Devt. of Highways Div. of Tests

QUAREY M0. 1

ﬁounty

Sampled by

FAYBTTE

Erop. Ovmer
ocation AT L=XINGTON CITY LIKITS, ON SOUTH SID% OF OLD FRANKFORT FIKE.

STOELZY AND YOUNG

CxNTRAL ROCK CO.

Operater

Date Sampled
Date Received
Date Reported

2-13-39
2-14-39
L-14-39

PEYSICAL TzSTS

Snecific
Gravity

--Sound -
ness

5 LA
ear

Deval

Absorp-
tion

PASSID FOR

LAT.

N’O I

LZDGE

Thi o — |

ness

QUARRY LOG

Stripying

12!

Brown soil and bouldery
lirestone.

9.3

3k.7

All Uses

64066

1A

Fine grain powdery blue
gray limestone.

5.3

26.8

3L

64067

¥ine to medium grain

brown flakey limestone,
containing much included
ghale. ITregularly bedded,

7.2

30.3

6.8

Al e

64068

Ccarse grain crystallineto
flakey rk gray limestone.

3 %eds with 2" shale seams
ovetveen.,

6.0

L3.5

8.0

Failed for
all uses

:xposed in present ofera-
et

P A

64069

Coarse grain crystalline
yellow prown limestone.
Thin beds with thin sheale
seams betveen beds.

7.2

29.9

5.6

All Uses

Fot
tionfs.

e e— .
e

6L070

e

liedium to coarse grain
black crystalline limestone
Thin even beds with thin
shale seams between.

8.0

31.9

L.s

Zone 5

AT

64071

Coarse grain flakey dark
g%ue gray limestone. Zeds
to 1' with 1% to 3"
shale seoams between beds.

2.4

35.0

5.7

1 u

Zone L
Zone 3
Zone 2

N~ N

6L072

18!

Coarse grain flakey blue .
gray to_brown gray fossili-
ferous 1s. 1 j:assive bed,
Contains small amounts of
included shale.

9.6

Copy to: CANTRILL

29.1

S.L

Zone 1 g

6L073

o

Coarse grain flalkey fossil-
1ferous brovm to brownish
gray limestone. Contains
some included shale.

Remarks:

Stone from this quarry should be checked very closely for shale content.

Water Level

-]

N
|



Zone I -~ This zone comprises six feet of the top of the Jessa-
mine limestone, It averages 9% insoluble residue, the highest
average reached in this querry, and is cuite impure in anpeer-
ance, It averages 2.68 Specific Gravity. At the very top of
the Jessamine, the appearance of a black glassy minerzl is
peculiar. It is thought to be obsidian.

Zone II - This zone is deliniated from Zone I by a fsunsl break
which distinguishes the Jessamine from the Benson formntion,
The zone avereges 2.83% insoluble residue and 2.70 Specific
Gravity. It is & fairly impermeable zone showing gypsum con-

stantly throughout. This is the lowermost Benson limestone
of the Lexington series.

Zone III - This zone is marked by an increase in the size of cry-
stals, whereas, there is an increase in the size of calcite
crystels and a marked tendency for shale to appear more often,
Gypsum, although not a good criterion, is more abundent snd
the whole indicates a higher initial porosity than its neigh-
boring zones. The zone averages L.2% insoluble residue and
2.69 Specific Gravity. A photomicrograph is here submitted
os being fairly typical of the whole quarry.
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This is a photograph of a thin section X 30. In the
center of the field, you will see & bryzoa or fossil. The
lines treversing it are o0ld wells for the individual cnimalst
living chembers. Surrounding this fossil you will see & con-
centreted ring of organic metter outside of which is impure
limestone. Veins of crystalline ealcite, another fessil and
some sm@ll individual calcite crystals are £lso visible.

Zone . IV - This zone, nssigned arbitrarily by a slight change
in size of crystellization, proved to be highly silicious and
high in MgCC,. With reference to the Alz03, it should con-
tain the lorgest amount of clay minerels. It includes six
feet 2t the top of the eighteen foot ledge in basel Benson.
Insoluble Residue average is 3.9% and Specific Gravity is 2,68.

Zone V - This zone includes six feet of the seven foot ledge
directly overlying the eighteen foot ledge. Over this ledge
the stripping operations begin in the present operatien and
the top one foot wes omitted due to any werthering effects
th=t might occur. At this point = drop in 8Specific Gravity
was encountered indicating higher permeability. This followed
in several divisions, 2nd so indicated & change in sedimento-
tion conditions, possibly the completion of & periodic cycle,
The zone averrges 6.5% insoluble residue and 2.68 Specific

GraVitY:
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TABLE II

~1 6=

REPORT OF CHEMICAL ANALYSIS CF SALPLES FROM QUARRY NO. 1

‘FZone No. 1 2 3 b 5
Elevations (ft)| 0-5 6-11 12-18 19-24 25-30
G i -

Fgﬁig%ign ;2532 Benson Benson ‘Bensgon Benson
p 810, . 3.51 3.78 2.15 3.95 2.26
gﬁi Fe,04 .75 . 8L 761 | .83 -53
8@1 41,04 1.76 1.69 1.46 2.32 1.53
gﬁf Cas(POL) .93 2.55 2.61 2.81 2.93
i 0aco, 86,10 | 82.60 | 85.80 82.00 87.40
vy
e MgCO., 6.94 | 8.51 7.28 8.00 5.29
Totals 99.99 | 99.97 99.91 99.91 99, 94

It will be noted that there is a gradual increase in
the percentage of Ca3(Pou)2 from zome Ko. 1 through zone No. 5,

Zone No.

considerably less Cas(POy)po than the Benson series.

phorous in the insoltible residue
determined separetely.
there ig a mnossibility that that

as apatite

Soluble
Residue

Both are

(ca5F(?éu)3).
(1) .66% (2) 1.87%

«27%

. 68%

114

1l indicates that the Jessamine limestone may contain
Pl-og-

and soluble whosphorous were
reported as Gaj(}cq)z, but
held in the resgidue exists

(3) 2.11%
. 50%

(L) 2.01%
« 50%

(5) 2.48%
T .Ls57



Quarry No. Two ~17~

Source No. R2-1L-Q

This quarry, samnled May 16, 1946, is an open pit type,

composed of the Ste. Genevieve limestone and its members

over-

lain by the Gasper member of the Chester Series, both of lMiss~-
iagsippian: gge. Both of these formetions plus the St..Lculs and
perhaps Golconda are grouped under the general term "Big Lime".

The 8t. Louis which Butts recognized in this quarry was n
recognized by the author. he possibility of the Golcond
formaetion's presence was ignored as its occurrence would
out of the area of quarrying. A description of this quar
as given by Charles Butts in his "lississippian series of
Eastern Kentucky" is as follews.

19 Top of hill. 8labs of yellow limestone with
#Archimedes". Thls yellow limestone in the
town of Mt. Vernon carries also "Agassizocrinus"
and "Pentremites". May be Golcondaf

Gasper Oolite:

19. Not exposed - = = - = = = = =~ = = - = 4 - & - - -
18. Limestone, blue, crystalline. Large crinoid

stems twenty feet below tob. "Bomposita sub-

quadrata" in bottom. - - - - = - - - - - - - - -~
17. Limestone, compact, yellow in two layers - - - -
16. Oolite, blue, "fgassigocrinus","Girtyella”,

"Composita" - = = = = « = = = = = = = - - - - - ~
15. Oolite, blue, compact, blended - - - = ~ - - - -
14, Limestone, compact, brittle, blue, weathers

yellow — = = — = = = = = = = = = - - = = — — — - =
13. Limestone, shelly, and shale, green, 6 inches to -
12. Oolite, coarse, white, "Pentremites pyriformis",

"Talarucrinus", equivalent to "Bowling Green"

quarry rock - - - = = = = = - - - « - - - - -~ -

Ste. Genevieve Limestone:

ot
a
be

ry

10 I't.
43 Ft.
5 Ft.

2 I't.
2 ¥x,

11 Ft.
1 7%,

Ohara (?) limestone member of Ste. Genevieve Limestone.

1l. Limestone, light blue, brittle, Top 2 ft. seamed
with calcite veins, appears brecciated, top 5 1in.
conglomerate in yellow matrix, Hummocky tor sur-
felie with depressions occupied with green shale -

10. Iim=stone, coarse, light grey, slighily oolitic -

9, Colive, dark or drab - - - - — =~ - - - & - - -

8. Cobbles and shale — — = - — = = = = — - - - ~ -
7. Limestone, compact, brittle, pearl grey - - - -
6. Oolite, bluish gray, weathers white — - - — - -
5. Oolite, coarse, cross bedded, white - - - - - -
4, Limestone, dark, drabbish gray, thin layered

or flaggy — = = ~ = = = = = = = - - = - = — — =



3. Oolite, compact, white, some chalky texture,
"Platycrinus penicillus" in this bed at Dick

Owens cut, 1 mile farther west - - - - - = - - - - 5 Ft.
2. Limestone, compact, brittle, pearl gray,
evenly bedded flags -~ = ~ = = = = = = = =« = « - =~ L
Colite, thick bedded, drab gre.y — - = - - - - - 5
Colite, drab gray with angular frag-
ments of black chert - - - = -« = = = = = « = 2%

Total Ste. Genevieve limestone below Chara (%)
member h7-2/12

St. Louls limestone;

l. Limestone, dark or drab, hummocky, sun-
cracked surface, black chert nodules, exposed - - - 1

g 524

Total quarry 144-1/12

It is well to call to mind that the beds herein pinch
and swell to a marked degree, so that a description of the
rock from year to year will not tally in thickness and some
variations in lithology may be observed,

I sampled from the quarry Tloor to the point at which
strinping operations commenced, a total of 135 feet. No
general description can be given other than the fact that
variations in lithology and faunal content occur every few
feets Detailed descriptions will be given by zones.

An explanation of oolites might be pertinent, however.
Oolites are small spherical growths of calcite around a nuclel.
The nucleil can range from a small shell to fish eggs or a
mineral fragment. Gas bubbles have been suggested. The in-
ternal structure of an oolite is concentrically laminated,
Oolites ere nresent in the geologic column from Pre-Cambrian
to the »resent, Maximum dimensions may be placed at 2 mm.
Particles larger than 2 mm. with the same shape and internal
structi're are termed nisolites. A photogramh is here sub-
mitted to show oolitic structure., (See following page for
nhotogranh).

The radial structure of these sphericel siructures will

be noted. Cementing material is celciie. Impurities are
present both in the oolites and in the cementing material.
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Photomicrograph of Oolites
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TABLE NOi

T

-20-

Bulk Specific Gravity and Percentage Insoluble Residue

of Individual Ssmples from Quarry No.

Two

Bullk

Geologic Zone Ele- Insoluble|
Fermetion Number vationh Sp.Cr. Residue Zone Ave.
Ste. | - {Shale paprting .
Genevieve b4 gg 2.71 lg.g I.R. 6,7%

2 2.70 .
%1 2.68 2.5 Sp.G. 2.69
30 2.68 3.5
29 2.70 6.5
2 |z | 23 | rm
Genevieve 6 56 . 61 3.0 2 6l
25 2.61 1.5 Sp-G. 2.
2L 2.63 3.0
23 2.65 3.0
22 2,69 - 8.0 -
21 2,69 4.0 I.B. 6.5%
Ste. 20 2.69 6.5
Genevieve 5 19 2.68 7.0 Sp.G. 2.68
18 2.68 8.0
17 2.69 6.0
16 2:54 3.0
Ste. 15 2483 1.0 1R, 1.2%
Genevieve b 14 2,43 1.0 _
13 2,43 1.0 Sp.G. 2.53
12 . 2.52 0.5 -
11 2.62 10
10 2.70 1.0
9 2.70 2.0 I.R. 1.8%
Ste, 8 2.70 0.5
Genevieve 3 7 2.70 2.5 5p. G 2'7O‘
| 6 2.70 3.5 3¢
Ste. 5 2.70 4,5 I-R @'9%
Genevieve 2 L 2.70 745 Sp.G. R.69
3 2.69 5.0 N
2 2.69 4.0
Ste. 1 ft. 2.69 1s5 I.R. 1.5%
Genevieve b $0,G. 2.69
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TABLE NO. III (Con't)

Geologic Zone Ele-~ { Bulk Insoluble
Formation Number vationf Sp.Grs Residue Zone Ave.:
86 2.67 10,0 I.R. 9.6%
Gasper 15 gg 3;22 %g:g Sp.G. 2.65
813 2.66 6.0
82 2.67 3.0 I.R. 2.3%
81 2.62 24
Gasper- 14 80 > 61 3_8 Sp.Ge 2.55
79 2.31 1.0
78 2.36 0.5
77 2.549 1.0
76 2.26 2.0
73 2eHZ 1.0 I.R. 1.6%
7 2.45 2e5
Gasper 13 73 ({covered) { (covered) |Sp.G. 2.48
72 2.59 4.0
71 2.58 2.0
70 2.57 2.0
69 2.58 2,0
68 | 2.58 1.9 | __
67 . 2.59 1.0
66 2.59 1.0
65 2.58 1.0
64 2.66 2.0
63 2.68 Leo I.F. 4.5%
Ohara 12 62 2.62 845 Sp.G. 2.68
61 2.67 1.0 -
59 2.69 245 I.R. L4.3%
58 2.72 6.5
Ohara. 11 57 2.72 25 Sn.Gs 2.70
- 55 2.72 L5 )
sk 2.67 25 |I.,R. 2.704
Qhara 10 53 2.68 245 Sp. G. 2,28/
52 2.67 2.5 :
51 2.72 2.0
50 2.72 8.0
39 2.70 e 5 I.E. 7.5%]
_ Ohera 9 8 2.71 5¢5 St 2.
bo | 2,66 T
L6 2. 773 6.5
L 2.70 55
Ng 2,73 " 365
473 2.73 5.0 R
S=e. L2 2,72 3.0 Ln, b,17
Genevieve 8 ﬁ% %:;S Qi% Sp.Ga 24770
39 2.2 365
38 2. 70 3¢ 0
7 2.69 f :%..5 i
36 | 2.70 A |
35 1 2,69 | 5.5
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TABLE NO., IIT

(Contt)

122~

Geologic
Formation

Zone
Number

Ele~
vatlorn

Bulk
Sp. Gr.

Insoluble
Residue

Zbne

Z
(0]
o

Stripping

Gasper

2L

135

2.66

5.5

I.FR.
Sp.G.

Gasper

23

134

2.69

L.o

I.R.
Sp.G.

SE = FNI N
o L)

OO | o

O | OV

Gasper

22

133

132
131

130"

129
128
127
126
125
2k

2.62
(Covered)

2.65

. <

7.0

(Covered|

6.0

B J [} L] * - L]

I.R.
Sp.G.

r
[}
AN

2.66

Gasper

21

123
122
121
120
119
118
117
116
115
114
1173

° . . -

Al NN ONONONONON U O\ ONONON ONON ON
Lt O H ot 003 {1V \0O\0\O OO o

e o

1RV \VINAC N O I AO RN AO IN AV INAC BN AN BN VTN VIS [ VI AU O IN OO I AV I AV N}
. o . .

»

(S
L] L] L * -

I.R.
Sn.G.

3. 2%
2.60

Gasper

20

112
111

110.

109
108

2.68
(Covered)

2.69

2.6

OWM[IMHMNDH N OWW N W o oy Towm

~~~
Q

I.E.
Spch

Gasper

19

107
106
105
104

o « o |

Gasper

18

103
10
10

- - * L . -

Gagper

17

< .

e

FY .

LS

Gasper

16

Gy ONONOON O O\ [OONON [T U O\
W0 B3 £ OVO NOO\O AW OV

®* o e |o

.65

DO O B DD DD DN DRI DO D DN RO N DD DO DD N
° S . o

o

2
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Lob. No. 14

[ %51

Dept. of Highways Div. of Tests Poge 1 QUARRY NO, 2 . State of Eentucky
County ROCKCASTLZ Prop. Owner KY. STONZ CO. (1T. VZRWON) Operator KY. STOWE CO. Date Sempled 3-26-41
Location 1 Mi. from MT. VERNON ON CRAB ORCHARD ROAD Dats Received 3-27-k1
Sampled by JOZN STOXDLZY AND WALKZR SHEARGR ‘ Dabe Reporied L- 943
PHYSIG:L TESTS TL.ZDGE ‘
Specific| Sound- | % L Absorp- P..SSED FOR Lab. } No.| Thick- IZT WG
Graviiy | ness Vear | Devali tion No. ness ' -
{ it~ Stripping - I 3" 4o 5' !l Red Browm Scil
PLSSED FOR 0! Eoulders of coarse grain gray wvhite
2.71 2.5 27.4 ALL USES 76577 1 1 to oolitie limestone wiih mud anc soft
141 stone. ‘
{ fi HiSTE | f 1' [l Green Shale B .
' Coarse grain brovmish-gray tossiliferous
2.69 2.0 23.9 u R 76578 2 10’ oolitic limestone. 1 Bed. Veathers
rusty white.
}, i} sz | | 8" || Shale and shelv limes*one.
Coo.rse grain brovmish-gray oolitic lime-
2.70 2.9 22.6 t " 76579 3 3¢ stone. 3Beds 3.5' and 4.5' thick.
: Wenthers rusty vhite.
2.61 .1 29.6 " 1 76580 N 51 Coarse grain gray c.>olitic limestone.
1 Bed. Venthers light.,
Medium grain grayish brovm limestone.
2.69 1.2 25.7_ " " 76581 5 5.5 Beds 4" to 6" with shale partings.
Mediwn grain brown-gray oolitic lime-
2.69 3.0 31.0 n n 76582 6 3! stone. 1 Bed.
Fine grain smooth brovn limestone.
2.69 0.8 25.6 " " 76583 7 2! Flecked with coleite crystals.
: " n \ Fine groin gray limestone. Conchoidal
2.67 L-0 23.3 76584 8 2 fracture. Weathers yellow.
1 . 1 Fine to medium grain groy limestone.
2.69 L4 20.3 26585 9 b Yegthers yellow.
: _ " " Fine groin gray limestone. Weathers
2.69 0.9 28.3 76586 | 10 2.5" vollowpray
2.65 3.2 244 : n " 76587 | 11 l 2.5 Medium grain gray oolitic limestone.
2.55 | 3.2 | 9.0 SRR [ | 22 ) Coagee grain white oolific limestone,,
' = CgURSW 141 ‘Z?d in most of guorry.
RS = . 3 - whi t i 4d PR
2.66 | 11.3 | 36.6 53D CORCRSTE 89231 124; ttone S e Ty e T et e T Brosent. b

| only in N.¥V, Section of gunrry. W

T




Lob. No. 14

Dept. of Highways Div. of Tests Page 2 QUARRY HG. 2 _ State of Kentuckvy
County ROCKCASTLE . Prop. Ovner KXY¥. STONZ CO. (MT. VZRNON) Operator EY. STONI CO. Date Samnlzde  3-26-41
Location 1 Mi. from MT. VZ:NON O¥ CRAB ORCHARD ROAD Date Raceived 3-27-4%
Sampled by  JOEN STOKLZY AND WALKZR SI-..RER _Dote Pemorred 4 9-b1
PHYSICAL TESTS LZDGE
Specific| Sound- f LA ibsorp~ FASSED FOR Lab., Wo. | Thick- F , WALy IO
LEravity ness Jear {Deval| tion No. mess {4 N
YASTE 6" Shale Seqm. .
41SSE Fine grain smooth lincstone. Brown ot
2.70 0.8 22.6 ELiSBgT§OR 76589 [ 13 8! .H top aid becomes giay LuireTi Vot
Weothers white.

. Medium to coarse grain dark giay
2.69 1.5 26.1 " i 76590 [ 14 141 crystalline limestone. Bedding indis-
tinct. Venthers light.

n n ‘ ! Medium gradin égrh gray limestone.
2.69 1.0 26.8 76591} 15 N Fine in plrces. Wenthers dork.
2.68 1.9 33.6 " " 76592 t 16 -3 Fine grnin smooth brown limestone.
: Fine groin light brown limestone.
2.68 1.8 | 27.6 " " 76593 | 17 5 1 el senme o 2FY

ol

Medium grain porous gray oolitic

2.69 k.o 31.0 " " f 765941 18 5' limestone. 1" shale seam. - - -
' NI . o .
’ FAILED FOR : b ledivm grain gray oolitic limestone.
2.52 21.1 36.4 ALL US=S 76595 | 19 t? Cqarser and vorous nenr center of ledge.
= 5 1/2" shale serms = — - —
..SSED FOR ! Fine to medium grain_irn—gray limestone,
2.66 6.2 31.6 EﬁESEgES 76596 20 3 i Finer toward tog, mecium gt bottom.
B.SZ COURSZ & 1 Coarse grain dark gri: granular lime-
2.71 1.3 36.4 COWCRIFE ONLY 76597 1 21 8 stone. gHas 2. grecnisi Co8T.
VASTE 3% o st Shnly mrterirl gticring %o top of Ledgs,
7 FAILED FCR Fine grain dark gr.y to brown siiiccous
2.62 2k.9 22.2 4Ll USES 76598 | 22 2.5! limestone. Contg%nag much‘cherb & flint.
. . . PiSSED_FOR 1 Fine grain tan-gray limestona. Darker
2.67 8.7 27.0 ALL USZS 76599 | 23 2.5 at bogtom. Straigh% flat fracture.
VASTE 2" ﬁreen Shole.
n n el Medium to conress graln groy flaky
2.68 1.2 27.6 f 76600 2k 2.5 cryst~lline limestone, Eilightly oclitic.
. FalL_D _FOR Conrse grein_very porous chalky oolitic
2.60 6.3 L1.6 LT USES 76601 | 25 2' lg%estoieq nﬁiakv o o;;oés. Y
Remarks: Crushed stone from this quarry must be checked crrefully for shnls and soft ston-. &

e
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Zone I -~ This zone represents a vertical distance of one

foot. A well cemented oolite, which fractures across the
oolites, occurs here: It averages 2.69 Specific Gravity
and 1.5% insoluble residue. It is 2 very pure looking
oolite and its enpearance suggests thet it should be =
good aggregste.

Zone II - This represents s second oolite, much mére argilla-

ceous and poorly cemented than thet of Zone I. The impuri-
ties ere meinly quertz ranging up to 85%2 of the insoluble
residue. The zone represents five feet of limestone, from
two feet up to the seven foot level. It averages 2.69
Specific Gravity end. 4.9% insoluble residue. It is char-
acterized by its chalky appearance and black flint nodulese.
There seems to be 2. fine balance between chemical and
mechanicel deposition. It fractures easily around the
oolites. '

Zone III - This zone is composed of three feet of light green-

ish gray, fine greined non-fossiliferous limestone, an ab-
rupt chenge from the oolite. A thin section reveals that
the transition wes fairly sbrupt, the aprarent change be-
ing one of speeding up of chemical deposition. The zone

averages 2.70 Specific Gravity and 1l.8% insoluble residue.

Zone IV -~ This zone marks the return of oolitic limestone,

impermeable at first due to compaction during lithifice-
tion, no @oubt; but steadily becoming more permeable. This
zone includes seven feet of limestone averaging 2.53 Speci-
fic Gravity and 1.2% insoluble residue. The entire zone
appears quite porous end friable., A prhotomicrogreph is
submitted to show the arrangement of oolites and duartz
particles. Some quartz particles are coated and look like
oolites. Look for the concentric laminations to ¢stablish
the identity of an oolite, (Sec following page for photo-
micrograph).

Zone V - This zone is mede up of impermeable, fine grained

wel) 1ithified and compected limcstone. It appears to be
quite high in clay content, averaging 2.68 Spccific Gre-
vity and 6.5% insoluble rcsidue. The fine grained charas.-
ter ranges to a medium grained cherecter 28 the zonc of
sedimentation is depleted.

Zcne VI - This zone becomes lighter colored. puimr and more

perinoable. In spots, ~oolites and spherullites ~pprear, gyp-
suwn Decomes more abunlant. Iron stains ar¢ found with
regusarity and a chrome yellcw stain is meruliesr. A gener-
ol over-3il finer grained appe~rence is 2becrvid. This
ron uorgorises seven feet averaging .58 Snccift e Grovity
wri 3.%% insoluble residue.

Zone VII — This zone is comprised of four fe:t of wrmpevrmeable

colite as opposed to two surrounding n¢n-voiitic lime-
stonus, averaging 2.69 Specific Grav.®y ~uc 6,7 insoluble
residue, an unfeir average os the Lrst £30% hos 17.5% in-
soluble residue. This is the resul’ . i o gradvusd tronel-
tion of the oolite into shele,
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Photomicrograph i..

Zone IV
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Zone VIII - This 2zone comprises eleven feet of dove gray, fine
grained, impermecable non-fossiliferous 1limestone and
ranges in the same general character up to the last five
feet where pockets of crystalline calcite occur with a dis-
tinotive frequency throughout the rock, such 2s is observed
in & "birds-eye limestone®. It averages 4.1% insoluble
residue end 2.70 Specific Gravity. . photomicreégraph is
submitted to show the frequency with which these scattered
pockets of calcite occur. This is not &an =ccented photo-
graph for filing, but is submitted here for illustration.

Zone IX ~ This zonc marks the introduction of j5n» Chara lime-
gtonc member of the Ste. Genevieve formesicn. The zone irc
comdursd of five fect of impermesble, fine gro.red, hon-
fosciliforous, partly oolitic limestone roangias to A good
colitic limestone ot the elose of the zonce Lt 1s wvery
imoure looking, highly orgenic and siliciouss DlMedium fine
aunrtz ecnd is the predominant impurity. It averages 2.70
Spesific Grovity ond 7.5% insoluble :csidue.

e
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Zone X -~ This zone includes four feet of very pure looking
dense limestone with o few fine oolites present, The im-
purities have changed in ratio, the fine quartz is now
definitely in ~ minor percentage. Cley, organic matter
ond nuscovite mica src the predominanting impurities. The
limestone is morec perneable than the preceding zone but
1s still impermeable by our staendards. The fine greained
character persists with the tendency to rounded particles
shown by the accompanying photomicrographe
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Zone XI - This zone is mede un of six feet, very similar, in
color and texture, to Zone X, The impurities anve charged
agein and oolites occupy smell arceas in n otherwisge densc
limcsione. Quertz has again bececome nromincent, occurring
in angulaxr ~nd rounded fregments. Iron stains arc common
throuvghout the entire zone. At 59 t. thc presence of
co~l is unique. The sppenrance of coarse rounded guartz
grains moints to the necrness of zn ancient shore-line and
nay be correloted with the quartz epncering in Quarry No.

Threc. It zvereges 2.70 Specific Grevity ond b 3% insolun'c
residue.
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Zone XII -~ This zone is composed of three feet of light gray,
densc, ncar lithographic limestone, which is cheracterized
by the veins and pockets of crystelline celcite, At the
center of this zone, a portly permeable silicious leyer
is encountered., The impurities are high in organic metser
and the unique festure thet is ecmmon to 211 this zone is
the presence of "balled-up" guortz particles. It averages
2.65 Speeific Gravity and 4.5% insoluble residue.

Zonc XIII -~ This zone marks the beginning of the Gasper “ool-

; ite" which is the top geologic member of this quarry. It
is composed of fifteen feet of very pure oelitie limestone
corresponding to the "Bowling Green Quarry Fock". It 1is
uniformly permceble for the first nine feet o2t which point
it fluctuates to very permeable at the completion of sedi-
mentation. The limestonec is cheracteristic in eppearence,
being white, chalky looizing and highly friable. The zone
avereges 2.48 Specific Gravity and 1.6% insoluble residue.
A photomicrograph is attached to show the pureness of the
matrix in this oolite.

Zone XIV - Thie zone is corposed of four feet of brownish
megnesium limestone. It is introduced by a very perncable
layer. The limcstone is irregulor with orgrnic strenks
occurring haphazeardly,. Impuritics arc doninntel by o
very fire quartz sand. The entire zone 1s pertly rermesble.
It aversges 2.55 Specific Gravity end 2,3% insoluvble rcet--
Adue,
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Zone XV ~ This zone is composed of four feet of slightly per-
mee.ble limestone. The arrangement is &gelin irreguler with
very fine crystals of calcite dominfting the field sur-
rounded by impure metter. There 1s 2 sharp increase 1n
the empunt of residue with quartz still being the predomi-
nant member. It averoges 2.65 Specific Gravity and 9.6%
insoluble residue.

Zone XVI -~ This zenc is composed of ten feet of varisble lime-
stone ranging from permecable to imperneable and from ooli-
tic to non-oolitic. The zone is introduced by a peartly
permeable oolite. and ranges to o fine-greined mecro-cry-
stollinc non-oolitic limestone. Coarse, rounded quartz
grains arec comnmon to the antire zone. The nuclei for
oolites arec predoninetely rounded and sub-rounded quertz
grains, Likewilse, guartz is the predominete nember in the
insoluble rcsidue renging up to 85% of the residue. Or-
genic matter tends to be grouped in layers end pockets
throughout the zone. The zonec averages 2.64 Specific
Gravity and 5.4% insoluble residue,

Zone XVII - This zone is composcd of four fecet of light green-
ish-gray, very oolitlic limestone. Occasional pockets cf
crystalline calcite are common to thc entire zone. The
tenacity is good and the limestone fractures across the
oolites. Organic notter is prominent a&nd well distributed.
Impurities ere again neinly angulay, rounded and sub-1rounded
quartz. It evercges 2.66 Spccific &ravity and 3,2% in-
soluble residue. o

Zone XVIII ~ This zone 1s composed of threc fcet of highly
fossiliferous, non-oolitic limestone. Thc fossils cre
necro size accornenied by ~lgal growths. The zone is in-
nermenble, highly fricble with yellowish, ~nguler frag—
rnents of nmagnesicon looking linestone scattered thitough
the snarples. Argenic notter is zoned. It averages 2.69
Specific Cravity ~nd 3.4% insoluble residue.

Zone XIX - This zone is corposed of four feet of permeable,
vugular partinslly oolitic limestone, Structure is princi-
nelly rounded quortz fragments in a crystalline colcite
ne.trix, There 1s 2 slight treee of oil in this zone.
Principal fenture of the rcesidue is rounded and sub-rounded
nilky quertz frognents. It averages 2.59 Specific Gravisy
rnd 2.6% insolublec recsidue.

Zonc XX - This zone is composed of five feet of very highly
organlc, pertly oolitic linmcstone. The structire is opoHror-
inrtely the same os thet of the previous utore =7ith she
Tiregtone becoming less vuguloer. The residue ie convosed
nrineipally of clay end orgeonic matericla, It nverages
2.69 CZpecitic Grovity and Z.8% irsolulle resiiuc.

Zonc ¥XI — This zone is composed of eleven fcet of vuguler,
perneeble, orgnnic limestonce. The structure is irregular,
crystallinc looking in spots. There rre lorge, rounded
~nd sub-rounded cunrtz frognents, cocted occasionnlly with
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Zone XXIV — This zone is cormposed of one foot ¢f drrk-greenish
grey, irregularily colored, fossiliferous linestone. It
ig feintly permnecble ond has ~n inpure celcite natrix sur-
rounding o~ngulsr chert fragments. The chert nlso replnces
fossils. Orgrnic natter gives the natrix o derk, slightly

yellow cast. Its Specific Grrvity is 2,66 ond its ineol=-
uble re~idue 17 5,5k
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Quarry No. Three
Source No. 06<11-Q

This quarry 1s loceted 1n Carter County, about three-
fourths of a mile east of Olive Hill, Xentuckv. It 1s an
oven vlt tyme quarry, comnosed of the Ste. Genevieve and
1ts Ohara member overlain by the Gasper formation. The
quarry was samnled August 9 1946, by Bob Brown, Chemist, _
and the author, a total of é5 feet belng quarried. Although
this quarry 1s 1ldentical 1n geologic age with Quarry No. Tvu,
some obvious changes have occurred between Rockcgstle and
Carter Counties. The Ste. Genevleve has thinned, become
more and more arglllaceous, and contains an abundance of
quartz sand in varying sizes. Its Ohara member 1s sbout
half as thick as 1t was in the Mt. Vernon quarry. The
whole Ste. Genevieve, vhlle retelning some of 1ts features
such as oolltes, has done an abruot change in 1lithology a:i.d
argillaceous content. The Ste, Genevlieve elsewhere averages
95% Ca CO3% end 1s used in the manufacture of lime, but 1is
supposedly used for ballast and road metal at thils source.

The (fasper oollite overlying the Ste, Genevieve has
been reduced from 95 feet (Mt. Vernon) to 40 feet at this
rouce, It, more than the Ste. Genevieve, has retalned
some thing of 1ts character as at Mt, Vernon, being in tn>
maln a compact wellowlsh limestone,

This quarry has been rated as poor in our standards
of classification. All contacts are conformable and in-
dividual phenomena will be indicated. The auarry was
samoled from the querry flcor through a vertlcal distance
of sbout 65 feet at which point the strioping operaticas
commenced. (The querry has been abandoned for a numter
of vesars.
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TABLE RO, 'I¥
Geologic | Zone | Ele- Bu&k Insoluble
Formafion | Number | vation | EF.Gr. Residue Zone Ave,
35 - 2.30 25.5 I.R. 13.1%
Gasper 6 3L 2.720 26.5  |sp.G. 2.5L9
33 2.57 8.5
32 2,66 745
- Gasper 5 31 2.44 6.0 I.R. 10.1%
30 2.50 11.0
29 2.58 13.5 Sn.G. 2.56
28 2.61 . 14.0
27 2.60 11.5 :
26 2.67 6.0 I.R. 11.5%
25 2.67 L.s
Gasper L 2L 2.67 13.0 Sp.G. 2.65
23 2.65 20.0
22 2.68 14,0
21 |Shale parting I.R. L13.8%
Ohara 3 20 2. 6l 28.0 |5 & g gﬁ
19 2. 6L 59.5 PeBe co
18 2,67 11.5
17 2.66 745
16 2.67 14,5
Ste. 15 2.69 9.0 I.R. 12.2%
. Geneéevieve 2 14 2.68 8.5
13 2.68 12.0 Sp.G. 2.67
12 2. 67 19.5
11 2.67 13,0
10 2.68 11.0
9 2. 65 15.0
8 2.67 20.0
7 2.67 L,5
6 2-69 E.O
2.67 14.5 ‘
2 S s 1>2  |1.R 11
Ste. 2.68 10.5
Genevieve 1 3 Ny . Sp.G. 2.68
2 2.69 9.5
1 2.68 12.5
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TABLE NO. IV (Continued)
Geologic Zone Ele- Bulk Insoluble
Forme.tion | NMumber | vation | Sp.Gr. Residue zone Ave,
-=-F-=-=F strippping - - +| - - - -

65 2. 6L le5
6h | 2.6k 2.5 |I-Re 2.17

Gasper 10 63 2. 63 5.0
62 2‘52 1.5 Sp.G. 2-58

61 2.48 3.0

60 2.63 2.0

59 2.57 .0
58 2,56 4i 5 I.R. 6.5%

57 2.62 8.0
Gesper 9 56 2.6 4,0 Sp.G. 2.61

55 2.66 6.5

54 2453 10.5

53 2.68 L0

52 2.54 11.0

51 2.69 9.5

50 2,51 14,0
49 2.51 11.5 I.R. 17.8¢%
Gasper 8 L8 2.59 20,5 7. 87
u’? 2'56 1?'0 Sp.G’o 2059

L6 2.63 16.0
Gasper 7 ﬁ %:2% %g:g I.R. 19.0%
43 2.59 1?.5 Sp.G. 2.60

L2 2.62 L,s5

41 - 2.56 10.0
Lo 2.55 7.0 I.R. 13.1%

Gasper 6 39 2.62 8.0 ‘

(con't)| 38 2.56 8.5 5y, G. 2.49

36 2.40 16.0
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Dept. of Highways Div. of Tests Page 1 QUARRY NO. 3 ' State of Kentuclk:r
County CART=R - . Prop. Otmer CENTRAL ROCE CO:iiPANY Operator CINTRAL ROCK CO. Date Sampled 12-3i%-32
Location 3/4 Mi. E. of OLIVZ HILL OW RT. 60 TURN RT. AND GO 300 DS, : Date Received -
Sampled by DAVID L. ARNALL Dote Reperted 1-10-40
PHYSICAL TESTS LEDGE
Specific| Sound-| % LA Absorp- PASSZD FOR - Lab. Thick- QUARRY LOG
Gravity | ness Wear | Deval | tion. No, No. | ness
Stripping 16-18" Stone ond Soil. UVeathered.
Coz.rse grain gray to brown
2.68 2.9 29.0 ALL USES 75869 1 6' crystalline oolitic limestone.
Thiclk bedded. :
ATEMT ' Medium to coarse grain brown with .
2.64 8.1 36.0 OONSR‘TL AND 75870 2 5! 1 streaks of gray, flaky limestone.
BASE COURSE ONLY. s ¢
: 1 bed. Vieathers brovm.
- : . Fine grain gray to tan limestone.
2.69 | 3.2 }28.3 , ~ ALL USES 75871 | 3 | W . Fettled toward bobiom.
ledium grain brow nd gra
2,65 9.1 26.4 ALL USZS “ 75872 bx | 3-1/2! 1imesto§e. moant eray
2.67 28.8 32.8 FAILED FOR ALL USES || 75873 5 3t g%ggegrain purple to gray lime-
Gray shaly . limestone shale ver
VASTE shaly oY v
: Fine grain powdery white lime-
2.55 h2.2 39.4 FAILED FOR ALL USZS {{ 75874 6 107 stone. Darker in color at top.
- . Weathers badly. Thick bedded.
YASTE 1%. to Green shale. Yaste.
25!
¢ ¢ F%ne gra%n g{ay to wgite %img—
. . . P ILT : = ! stone. 2s large reéd spots in
2.59 22.9 | 28.2 FiILZD FOR ALL USZS ) 75875 ? stons, Thick bedded. Veathers
| gray.
Fine gra&n ggay limistgne viith
2.6 8. . FAILED FOR ALL USES 8 1t green and red streaks in stone.
7 68.5 29.2 A ML U 75876 & Shaly toward bottom. Bottom
noduiar.
11 to Medium grain gray limestone. Has
2.67 0.3 27.2 | ALL USZS 75877 9 g1 . a sandy appearance in places and

- greenish cast.

- i Fine grain gray to browmn cherty !
2.67 5.2 28.2 i n 75878 10 1! limestone with jasper. E;
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Lab. No.

Dept. of Highways Div. of Tests

14

Page 2

QUARRY NO. 3

State of Kentucky

Count
Location

Sempled by

CARTER

Prop. Cvmer

B CEINTR:L ROCK CO.
3/ Mi., E, of CLIVE HILL OF RT. 60 TURW RT.
DAVID L. ARNALL

Operator

AVD GO 300 YDS.

CENTRAL ROCK CO.

Date’ Sampled 12-14--39 E
Date Recelived -
Date Reported 1+10-40

PEYSIGAL TESTS . LEIGE ‘
Specific| Sound— ]| % La Absorp— PASEED FOR §a,o. I Thick- QUARRY LOG
Gravity | ness Wear | Deval | tion O 0. | mness
2.68 1.0 25.4 ALL USES 75879 11 L Fine grain gray flaky limestcne.
i 1 880 12 13 Fine grain smooth urown cherty limestone
2.70 1.7 27.8 75 32 Gray toward bottom. Very brittle.
Fine to medium grain gray flaky lime-
H &
2.68 2.2 30.0 " 75881 13 b stone. In places smooth. Others
granular. '
' ' Medium gran gray granular limestones
2.69 0.8 27.8 | v 75882 14 3 Has smell green and red spots in stone.
Flaky in places.
——————— Green and red shale, ————wen- '
Remarks: Samplés taken from East end of quarry back to center of quarry.

Some of the thicknesses shovm vary becauss
This quarry must be rechecked before using.

of the pinching in and out of some beds.
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Zone No. I - Consists of six feet of light gray, dense looking,
imvermeable | sandy limestone. At the base of the zone, the
sand grains are coarse, rounded and frosted; and are svoken
of as "pebbles" by some suthors. They range to a fine sand
at the top of the zoney still showing rounding end frosting.
The zone aversges 11.4% insoluble residue, about 90% of which
1s quartz sand. It averages 2.68 8pecific Gravitv. No other
unusuel features were observed. The whole points to the near-—
ness of a shore-line in depositional times, with the sandy -
shore-~line ¢ontributing some of 1ts clastics to the sediments

here,
A vhotomicrogravh is submitted here to show the included

rounded quartz grains.

1
i
|
|
i
|
]
\
|

The quartz grains are the rounded darker masses., They
are surrounded by crystelline calcite (CaCnNz) showing some
impurities in the lower half of the film. <ihe very brighrt
patches are vnure calcite nockrts relatively free from im-~

purities.

136



..3 9...

Zzone II -~ The zone 1is composed of 12 feet of oolitic limestone
to which subrounded sand and rounded sand are commoh. It
averages 2.67 Bulk Specific Gravity and 12.16% insoluble resi-
due. The close of this period is very positive and is indi-
cated by sharp breaks in every aspect.

Zone No. II is marked by the intreduction of an oolitic
limestone rudimentary at first but steadily geining impetus,
with fluctuations. It received a larger amount of clastics
from the ancient shoreline than did Zone No. I. Also the evi-
dence is that conditions were slightly more stable in this
time than in the time of Zone No. I e&s evidenced by the for- :
metion of oolites, with accompanying fluctuations as mentioned.
Toward the latter part of this period of deposition, more
staple times were the rule with fewer large clastics being
contributed.

Zone III - This zone is introduced by a sharp brezk in the per-
meability, rock cheracter and insoluble residue, It very
nearly meets the requirements for a shale and st 21 feet an
actual shale occurss The zone is composed of three feet (in-
cluding the sheale parting), two feet of which were collected.
It averages 2.64 bulk Specific Grevity and 43.75% insoluble
residue, The limestone is near concholidel in fracture due
to an abundance of chert, but has a crystalline calcite ma -
trix. Coloring is irregular with orgenic matter furnishing
the main color in an irreguler distribution. This is the sholy
"Ohera. member.

Zone IV ~ This zone is composed of six feet of non-fossiliferowus,
feirly dense limestone, with an sccompanying verietion in
coler, It is highly silicious, with quértz in fine grains,
with chert sccompanying at reguler intervals. Orgesnic meter-
iels and clay content o~re apparently low. The zone avereges
2.65 Specific Gravity end 11,.5% insoluble residue.

At the introduction of the zone, there i1s a slight ten-
dency for oolites to form, indicating feirly steble condi-
tions; but =t 24 feet this condition is reversed, ~nd an apper-
ent speeding up occurred in the rate of sedimentation. The
zone 1s closed by a partially permeable layer with oxidized
iron giving a yellow tint to the scmple. Exposure above sea-~
level would be indicated with eccompanying wenthering, oxidir-

~1ing conditions and some small amount of recrystallizeation.
This introduces the Gesper oolite, which is not a true oolite
nt this point.

Zone V -~ This zone 1s composed of six feet of yellowish, perme-
able, non-fossiliferous, fine grained limestone. There is a
tendency for the permeability to fluctuate %o its highest
value at the center of the zone. The znne averages 2.56
Specific Gravity and 10.1% insoluble residue. Its strueture
is a fine crystalline calcite matrix surrcunding rounded
quertz particles, The limestone is apparently high in magne--
sium but exhibits no dolomite erystals. Tne break betwren
this zone and zone No. VI 1s sharp 2nd a cpowm?col chengs in
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environment 1s indicated. A photomicrogreph is submitted:

In this photomicrograph, the quartz particles appear
lighter due to the very impure appearance of the limestone
surrounding them.

Zone VI ~ This zone 1s composed of nine feet of ight gray,
finely crystalliine, soft non-fossiliferous limestone which is
introduced by a very highly permeable layer about three feet
in thickness. The first three feet &re very impure and highly
silicious, a fact which might peint to shallow weter deposi-~
tion with the silt being 211 clastics and no chemicel deposi-
tion, -

Small fragments of yellowich magnesium locking limestone
versist throughcut thig zone. The permesbility decreases as
the sedimentation record is compieted, with #n accompanying
decrease in insoluble residue. The zone asvercges 2.49 Specl-
fic Gravity and 13.05% insoluble residue

The fine pure looking calcite crystels nre deceptive as
they noint %o an appsorently pure limestone, Such is not the
case as the impurity is ligh%t covered silica in the form of
fine quartz send, not readily vislble in the plcture shourrti
(Sce following page for phetonicrogravh).
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Pho‘tor'nicrogranh Illustrating Zone VI
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Zone VII ~ This zone is composed of three feet of medium derk
brown; organic, fodsiliferous, finely crysteolline limestone,
containing coarsely crystalline calcite in pockets and veins.
The limestone is fe.irly permesble, which fact coupled with
the coarsely crystalline calcite points to resolutionsl 2nd
recrystallization effect. The zone avereges 2.60 Specific
Gravity and 19.0% insoluble residue,. . - -

Zone VIII- This zone is composed of three feet of permeable lime-
stone, colored e light dun brown, chelky looking and fossili-
ferous. It 1s seperated from its neighbors on the basis of
texture. Orgenic matter hes a tendency to be grouped in e
fine impure crystalline calcite metrix. Occasionally a small
pocket of pure calcite is found, with a tendency for organic
matter to group around the outer edges of the calcite. It
averages 2.59 Specific Gravity and 17.873 insoluble residue.

It 1s high in clay and organic content.

Zone IX - This zone 1s composed of thirteen feet of light yellow-
ish tan fluctuating limestone, ranging to e light gray in
color and ranging from permeable to impermesble. The insoluble
residue definitely links these differing limestones together,
and thin sections show comparable structures. The crystalli-
zation is again individual small calcite crystal's, but
the size of crystals is inereased and remains constant.
throughout, Organic matter surrounds the individual crystal
form and i1s densest at the crystal boundaries giving every
crystalline the emnpearance of being framed,

The initisl 2zone of deposition is fossiliferous end cry-
stallization is incomplete but with the following foot, cry-
stellization 1s perfected and remains so throughout,

The impurities are small sand grains with enough orgenic
material present to give a brown color to the residue. The
organic material 1s streaked in veilns occasionally. Towerds
the end of this period, some recrystallization is shown accom-
panying the lowering of permeability.

A photomicrograph is submitted to i1llustrate the above
described phenomena, (See following pege for wnhotomicrograph)

Zone X =~ This zone is composed of four feet of irregular highly
organic limestone, The organic matter 1s well grouped giving
a mottled appearance. The limestone 1s peritly permeable, non-
fossiliferous and the orgenic matter has effected its tenacity
apparently. Tt averages 2.60 Specific Grevity and 2.0% in-
soluble reaidue.
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Photomlicrogreph Illustrating Zone IX
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FUTURE WORK

In order thnt the inve~tigntion be carried to & nore
complete under~tending of limestone, more comnrehencive tecto
hrve been rcheduleds Thene ore designed to explore the fol-
loviing physicel properties of limestone:

8
1. Absgsolute Specific Grovity
2. Hygroccopic Moiature
E. Pernmerbility
. Poroszity
5. Tene.city
6. Tenzile Strength
7. Coefficient of Thermnl Expansion
8. Insul~tion (Conductivity of Hesat)
9. Effect of Frcut Action
10, Effect of Wnter
11. Coapillarity

To further £n underatnnding of why ¢ limectone hes these
expresg properties, the followlng chenical end minerologicel
teats will be performred on the inpurities present in the line-~
stone teated,

v . Firmly held
1. Holsture b, Hygroscopic Wrter
2. Analysis of Insoluble Residue

" O Sirmiltenecous Determinotion
3. Orgenic Content of Wrter cnd Totel Corbon.

b. Carbon Dioxide#*
L., Spectrography
5. Fluorescence
« Relertive Solubilities
7« Size of Prrticles in Insoluble Residue
8. Hesvy Mineral Content ‘ _
9. Other Mineral Content
10, Diclectric and Electrostotic Separation

Specific Gravity

There are several nmethods by which the specific grevity
of sedinentery neterials mey be detcrriined, ecch method being
riore or less adepted to o particulsr type of meterial end also
to sone extent to narticular conditions. ©OSpecifie gravity is
ordinsrily detefrrined of dry nrteriels, but in sone cases it
1s necessary or desireble to deternine the specific grovity
of substances as they occur in neture, thrt is, with the con-
tedned noturael waters or gnrsese

Specific grevity as previously determined is incccurate.
Thce method spoken of as the "Bulk Specific Grrovity Method® is
e hybrid of thc Hydrostetic method. It is principelly ~ttrec-
tive ns it gives o conprrntive velue for the permecbility when
saturation is incomnlete, 2 higher than nornel S»p.G. is re-
corded. No quantitetive detcrninntion nirny be nr.de this woye

2
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The ncthod we intend to use 1a the volumetric flesk
type which has corrections for tocmmeranture end in which pre-
c~rutions ere trken to cvocuate cir from the floask. This will
give » value which iz thc "absolute" specific grovity or den-
slty. These figures conp~red cgerinst the Sp,G. of celcite
2.72 should be o good criterion for »lacing o liriestene in o
proper category.

A further consideration presents i1tself. These two de-
ternin~tions can lend to & third determinntion. The nereent-
age of impermeable volds cen be cnlculated fron the foregoing
deterninations, While not an absolute velue 2gain, it should
be o quick check sageinst the permeabllity of © limestone,.

Moisture Content

It hes been deterrined in different unpublished tests
that roisture content can be a definite influence in behevior
of esggregrte. Specifically, tests run on one source showed
the sggregate ceused follure of the beenms from 20 to 30 freez-
ing =»nd thawing cycles.s Later tests on rock exposed to sir
and weanthering influence on the duarry floor for ot least six
nonths showed improvement up to and over 100 freezing and thaw-
ing cycles. As no definite collectlon nethods were used,
these tests are of no voalue other than for disucssion.

The difficulty of tests elong these lines 13 thot no
correlation nay be merde, There 1s no wey of knowing whet tine
intervel exlsts between querrying end use of eaggregate, nothing
known of teriperature and hunidity ot the stock pile, how nueh
molsture was recteined and how much evapornted.

The nmoisture deternination can be divided into two types,
(1) hygroscopic or physically held weter, and (2) firnmly held
or water of crystanllization.

Hygrosconic weter would rcpresent the bullk of the water
in the linmestone. Two different nethods of testing are sche-
duled. Thc first, under wey at the present, coneists of o~ de-
terninntion of the finely ground nrtcrial coupled with another
tcet (the decternination of €0, ~nd other orgenic netter). Thre
second will consiat of = dete%minntion of a chip sample in
which the pore space 1s not disturbed,

Firnly held weter 1s the deterninetion of watcer of cry=
strllizetion which in most cases willl be held by clay ninerals
2nd zeolites. This would give some criterion ns to nmincral
content,

Perrmesbility
The perneability of a solid riay be defined es the rete

of flow of a given fluid through & unit cross scction of the
501id under & unlt pressure gradient ond conditions of viscous
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f1éw! pernesbility i3 therefrre o ncasure of fluid cenductivity
of 2o solid. The stendrrd unit of permerbility as defincd by
the Ancrican Petroleur: Institute (tehtatively) is the "dorcy'
which is the rote of flow in milliliters pcr secdond, of a fluid
~nf one centipolse viscosity through a crrss section of nrne
sque.re centinmeter ~f o~ porous nediun, undeér & prcssure gradi-
ent of one otnosphere (76.0 cn. Hg.) per centinmeter and condi-
tions nf viscous flovi -

- Bxclusive ~f joints,. fractures and local zones of recry-
st2llization, rn nrdinory linestrne is usually s=sturated to
the full extent of its perneability ond under nll other thrn
extrene crnditinns 1s put in o concrete nilx that way.

. As obscrved in scveral ceses o highiy permeable line-
strne tirs the ngent in one type of failures

'The verious.nethods of neasuring the pernenbility of
cnnsnlidrted nrterials are =11 besed upon the quantity of fluid
thet will pnss thrrugh o test blnck of ~ specific diametér snd
thickness in a given tine. Therefonre; the methnds differ only
in the type of fluid used -~ generally sir or water - and in
the complexity or recfinereht of the #pparatus. In the case of
limestone, ~ gas is the nnst practical nediums It is hoped
that these tests ¢hn be run on o sinple adeption of the cquip-
nent described by Yydoff, Botset, Muskat and Reed in the Feb.
1934 Bulletin A.A,PiCs

Poresity

Poronsity mey bYe defined -as the percentage of the total
volune of » sanmple thét 1s occupled by pore spece. Nurerous
nethods heve been devised for i1ts determination; the method
uscd in any particuler cnse depends upon the typc of naterial,
the accuracy of rcsults desired, ~nd the tinc ov~ilable for
anelysis,

Size of pores 1s also & good criterion, for if the pore
size falls within the linit of cepillery actien, = powerful
action 1s instigrted for nnvenent of water.

A study of porosity may inveolve very few loboretory
suppllies, bwt 1t is expected t~ supplermcecnt the stendord nethode
with & dye penetreted thin sectinn of the rock, in which sizec
and nlso shape of pores nny be studieds

This can bec deternined by conperison o1 the dry volue
with the pulverized volune,
Tenacity

In the crse of sone types of limestrnes, such ns on

nolitic lime, the foilure i1s obviously mne of "tenecity. The
Los Angelcs Werr test 1s high ~nd dircct observotion revesls
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the chalky nnture of the rock., The obvinusly pcnr retention
this would give with the nortar would rc¢sult in repid feilure
under ~ny lood or »essibly in time due te f~tigue ©olone, This
hns been & possible couse of frilure rs regerds scaling too.
The porr retention agrin would ceuse the finished surfece to
break away fron the aggregrte ~nd disintegrete after repented
pevenent flexures under hervy loedaz. This lack ¢f tenocity is
not limited tn nn oclitic lirestone, but mey be observed in
nony linmestonese.

The obvinrus thing would be te retain the Los Angeles
Weer Test with some inproverients tr discrinincte to o finer
extent.. A specinrl testing method nay be called for and will
be considered 1lnter,

Tensile Strength

Tensile strength nf the sverage linestone should be
charactéristic of its purity. Although the limestone of lowest
tensile strength would probably never be required t~ exceed
its nininun (sherring/fracturing) stress in = highway, the
failure of this linestone when occnpered with thoet of other
limestones should be a rcesonfble criterion of its velue os
rn ecggregotc.

It is intended thrt snell beans be prepared representing
eoch zone of each quarry. After other significant tests heve
been run on these beans, they will be broken in ~ testing nao-
chine. The break will be performed o8 o tension bresk. The
besrn will be center loaded ond supported on each end.

Coefficient of Trermal Expansinn

A fundonental concept of rock foilure should be o heter-
ngenous adnixture of rinerals having differing coeffictients of
thermal expansion. Any thermal influence brought tn bear on
this adnixture would produce differing rotes of expension ond
hundreds of different sets of leverages which should in =
neriod of time cnusc the rock to feil.

Different llmestones tested from o1l over the country
yield wide varistions in their drcfficients of thernel expen-
cions This is ns should be expected. The verintion in type
of inpurity would serve t~ produce this effect. Dnlonitic
lirestones heve o high coefficient, possibly indic~ting thnt
Megnesiun night be the ceuse; argillacerus linestones ~re high;
wherenrs the purer "birds-eye" linestones ~re low, o~nd snite
listed ns Pale Gray Lirtestones nre lows

Thernel studies ot low tenper~tures ere possible and
not ton comnplicnted. A convenient method described in publi-
cations ranges fror roon temperature tn 212°F. It is thought
th~t this methrd will be used.

E “‘}g ﬁ
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Insonletinn

Insnlnticn is the conductivity of hent of =~ rocke It
is usually spcken of ng the linenr distoince ner degree per unit
tine As: one degree Centigrade per inch per ninute under &
temperature influence nf 100°C.

It is the principle up»n which Indiecns relied t- naoke
flint srrowhezds. Nemely, the flint i1s hented, but the pene-
tration of heat is very shallowe A drop of wnrnter causes the
heated filn tn pop off due tn repid change in volune as opprnsed
to thc stable interior. If heating and cecoling ere carried on
for a period of tine on flint, chert, Jasper and agate, the
phenonena will be the sone, although not so rapid. The sane
1s true to ~ lesser extent in the case nf 211 rockss A sili-
ci~rus lirestone would deteriorate nore rapidly by this nethed
under extreme conditions of tempernture thon ~ uniforn line-
stone,

Therefore, it 1s nore desirable t» have uniform conducti-
vity ~f rrck thon poor conductivity.

Effect of Frast Actinn

This would depend on a number of properties, the most
important of which would be permeability or the percentage of
nermeable volds carrylng water. Water can exert a powerful
action when frozen in a void.

It is assumed that roughly this preperty would commare
with the beams made of this aggregate in thelr freezing and
thawing cycless

Effect of Water

Whether water, carrying no especilal compounds or acilds
in solution, can wxert an influence on rock is not known.
Theoretically several reactions should occur when a rock is
immersed in water. Whether this effect 1s measurable remains
to be seen, Possibly an increase in volume will occur and an
attempt to measure this will be made. The water will change
from neutral to alkaline, 1t is thought.

Capillarity

Capillarity 1s a direct dependent on surface tension
and a fluid with higher surface tension will displace e fluld
with lower surfece tension. Water, for instance, having a
surfece tension 50 percent greater than crude oil (average
A.P.I.), tends to be drawn into fine openings with half
acain es much force as thet drawing fine oll into c9o¢enings,

The force of cepillarity is tremendous ard will cause
entire oll pools to migrate toward the surface frcm one as*retan
to the next,
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Any size opening above 0.2 mm is free from capillary
action of water with dissolved salts.

CHEIICAL AND MINERALOGICAL TESTS

Moisture =~ Firmly Held

Combined water mzy be determined ordinarily on a dry
sample by heating the sample in a tube of combustion glass and
collecting the water in a calcium chloride tube with specific
precautions. From the result thus found it is necessary to
deduct the separately determined hygroscopic water. It is to
be remembered that the result will be in error by the amount
of water afforded by the hydrogen of any organic metter which
there may be in the limestone.

Moisture - Hygroscopic VWater

One to several grams of the air dry powder is hested in
a current of air dried bg Calcium Chloride or some suitable
desiccant to 100° to 105° and the escaping water collected in
the same kind of desiccent. This method is said to give higher
and more accurate results then those obtained by drying in a
crucible at the same temnerature,

Insoluble Residue

When the insoluble residue is large, it is sometimes
desirable to analyze it separately.

It will be remembered that the insoluble residue is
again a complex mixture of minerals, all of which may be pres-
ent in various degrees of subdivision.

If a precise analysis is to be made, the residue mey be
obtained in the usual manner and analyzed as silicate rock.

Qualitative determinations of a great number of the
minerals present may be made microscopically or by any means
by which the constituents may be isolated and identified.

Organic Content

Since a definite ratio between organic content and
particle size has been proposed, & determinetion of orgenic
content may provide an indirect determination of rarticle sizes.
With due consideration of the influence of nerticle sizes on
the promerties of limestone zs an aggregete, the value of any
results thus geined becomes obvious.

8. Simultaneous Determination of Water and Tot2l derbon
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Ignite in a current of air one gram of the rock in a
tube of very hard glass and cbllect the wrter and carbon dio-
vide with duitable absorntion tubes. It is necessary for the
guccess of the operation thet the temrerature be sufficient
to drive out all of the CO,, but insufficient to decompose the
sulfatese. '

The water found represents that in the rock,as well
s thet derived from the hydrogen contributed by the organic
matter.

A seperate determinetion of 002 permits calculation of
the carbon of the organic matter.

Carbon Dioxide

Place .5 grem of the samnle in a smnll flesk equinped
"with a smell drovping funnel and small reflux condenser. The
apparatus vshould not be over six inches tell and should not
weigh over 150 grams. A sufficient quantity of HCL is intro-
duced into the dropping furnel and the entire apparétus weighed.
The acid is dropmed into the flask slowly. When the reaction
is complete the apparatus is re-weighed and the loss in weight
represents the weight of CO, in the sample.

Spectrography

Spectrogrephic Analysis is almost a science within it-
self and even though it is subject to several limitations, it
is to be considered as both a quanitative and qualitative
method of enelysis., It is perticulerly appliceble to the
analysis and identification of certain minerals.

Its use is somewhat over-shadowed by the cost of the
instrument.

Theory: At high temperatures, elements which become
incandescent emit light rays of definite wavo lengths which
oire characteristics of the element. A spectrogreph columnates
the light, pessecs it through a prism and spreads the light out
according to wave length on e photographic film. Careful reced-
ing of the film permits anelysis of the material burned.

Fluorescence

Visual inspection of an insoluble residue using & micro-
scope and ultre violet lighting mey lead to the idensification
of meny of the minerals prescnt, Some minerels fiuvorcsce un-
der ultrea violet &nd many others can be made to Tfluoresce by
Sreatment with various resgents. Not only is it ncesible e
escertnin the identity of many componcnts, but slgc %o esti-
mr~te the quantity.
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Relative solubilities

The chémical nature of limestone ag an hggregete is
more or less ah obscure subject. The exaet chemical chenges
which take place in the setting and hardening of concrete con-
teining limestone as the coarse sggregate are not definitely
known, If such were knovmn, 1t would be possible to label cer-
tain ingredients as deleterious and introduce e correction.

MgCO, has long been considered as one of the highly re-
active ingrédients and in many cases called deleterious. Its
presence in the sggrege.té is not conclusive proof that the
ngeregnte is bad. The activity of Ca3(P04)2 is nlso question-
able,

Thecse points are cited merely to show thet the rate of
chemical change teking place mey be proportional to the amount
of moisture, the acidity or alkalinity of the moisture or
leaching water, It is »nossible that certain materials pass
into solution, concentrate in certain voids, re-crystallize
end expand the void.s Other ingredients may be completely
leached out of the stone, leaving additional spaces for infil-
tration of foreign matericls or water itself.

Any such chrnge which reduces thc strength and durabil-~
ity of the aggregeate is undesireble,

These possibilities will be considered in future study
although flo definite process is in mind.

Size of Particles in Insoluble Residue

Meterials renging in dimensions from 2 mm to the largest
dimensions are classified as coerse-greined clastics and ere
termed gravel; those in the range from 1/16 to 2 mm sre medium
grained clastics and ferm sends; those in the renge from 1/16
to 1/256 mm form the silts; and those smaller than 1/256 mm,
that 1s, the clays, are the fine grained clastics, In general,
these terms ~re =pwlied irrespective of composition, but the
opplication co2.nnot be made too rigorous, and if the particles
in the renge from clay to silt are composed of calcitc or dolo-
mite, the terms silt end clay are not eapplicds Since the
possibility of calcite i1s excluded, with the usc of Eydrocloricz
ncid, the specifications can be more rigidly held,

Any determinetion of size will determine the meterial
present in the .residue in a2 group classificaetion.

Perticle size #nd organic content are related in sedi-
ments. The orgenic content of clay is twice thot of «ilt ard
four timegs thot of finec sand. This indicates.an exponcentinl
relationship between size and orgrnic content. In gencral,
snands mey h~ve from essentially none to 0.6 percent orgenic
matter, wherees clays heve up to 8 or 10 percents
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Whot the influences of orgenic matter in o lithified
sediment cre is not known. This remnins to be investigated in
some morc detall than is known &t present, and will be dis-
cussed under special chemicrl tests.

Due to the extremely fine size of the insoluble residue,
» sieve snolysis is impractical, The only distinguishment
thot may be made is the division of silt end clay from the sand
and other mincrecl sulte present.

The problem of determining the distribution of particle
size of fine grained sediments is far more complex than theat
encountered in coarser meterials. Most methods of methanical
ans.lysis of fine grained materials consist of prepering a sus-
pension of the sediment in a dispersed stete so thet esch per-
ticle acts as 2n independent unit in settling. The sedimcnts
are allowed to settle in water for verious units of time aond
the quontity of meteriel which has settled a unit distance per
unit of time 1is recorded in some waye.

A dry method of sorting consists of seperstion in varied
~ir stream volocities, the samnle being blown over a crook in
a gless tube ond collected in & receptecle. By varying the
velocities, < silze gradation 1is essured.

Heevy Mineral Content

As distinctly relsted to special chemical tests on the
insoluble residue, the hersvy mineral content should be mentioned
here,

Hervy minerals are usually spoken of as those with a
Specific Grevity of 2.90 or better. Although a mineral with
2 grevity rating of better then 2,90 is thought of as steble,
such mry not be the case every time. An investigoation to de-
termine 1if the appeasrance of ~ny one mineral in poor type ~g-
gregate 1s chrracteristic should be included in this study,
Other geologists with whom I have t=alked hnave mentioned this
witheut holding forth too much hope, but it was ogrecd thot
without this inform~tion, the study would be incomplete,

The method of recovering henvy minerels, incornorstes
the use of 2~ heovy liquid,; into which 1s dropped the oven dry
somple. All minerals heoving greovities higher tharn tne liquic
used will sink while the rest of the meterisl floc.ts.

Other Mineral Content

The specinl term used above hess no scientific basis,
It i1s a tcrm coined to include the fine clastics with grevi-:
ties below 2.90 ~nd for this consideration will not include
the clny minerals r=s they hrsrve already been considered. It
willdincludc the finest clostics present in the insoluble
residuce.
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In ~ddition to differences in perticle size, weter con-
tent, orgrnic content, etc., sediments differ in their mineroc-
logical composition, &nd hence in their susceptibility to
chemical change. This susceptibility renges from the compara-
tive stability of quertz send to relatively ective cleys or
finely divided non-clastics with their large total surface
arcas., Chemlc2l chenges in part a2re a function of the size
distribution of the secdiment; bease excheange, for example, may
play 2 prominent rolc among very fine sediments, but is gencr-
#lly negligible in coarser sedimentse

As this consider=stion must be stated so generally, no
effort will be made to enumeratec the detailed processcs en-
teiled in this complex determinetion, Suffice it to say, it
will be ~on impracticel method for the laboratory and will be
retalned until it is necessary to climinate 211 possibilities,

Dielectric and Electrostatic Separaticn

Differing minersls posscss different dielectric con-
stants. The dieclectric constant vearies to some extent with
the crystallogrephic direction and is influenced by inclusions
within the mineral grains, In the case of several mincrals,
the durntion of immersion has an effect on the dielectric con-~

stofte

Diclectric separrtlion of mineral particles is based on
the principle thrt oppositely cherged poles attract each other
with o force that vories inversely with the squere of the ais-
tnonce between thems The force 1s considerasbly diminished if
the oppositely chorged poles are plsced in & nonconducting,
or dieclectric mediums, The dielectric strength of this medium
is thet property by which it resists the passage of & spork
between the two oppositely charged poles end thc numerical
expression of this property is termed the dieclectric constant.
This is equal to the retio of the force of attraction of the
oppositely cherged noles in a veccum to their force of ettrac-
tion in the medium. Any foreign substmance in o medium of given
dielectric vrlue is attrrcted to the electric ficld between
the poles if it possesses o dielecctric constont greater then
the medium. In the practicrl epplication for sepnrsting
minecral particles the medium 1s necesserily liquid.

Electrostatic, kincrels thet arc good couditctors of
electricity mey be sepereted rendily from those thot orc poor
" conductors By the usa 6f ~n electrostaticeliy chorged body,
such os o glass rod on which ~ charge hrs been induced by rub-
bing with silk, or an ebony or seeling wex rod rubbed with
cotskin or rough flannel. A wnositive cherge is developed on
the glnss rod ~nd o neg2tive one on the cbony or sezling wax
rod,.

After the marticles heve been sized by screening, they
should be spresd evenly ~nd thinly over a clean thoroughly dry
copper plete. The perticles should be thoroughly dry, other-
wise the nonconducting particles will become conducting. The
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ebonite rod shéuld be 35 to 50 mm long ~nd about 18 mm in dia-
neters The rod is chorged by vubbing with fur or flannecl end
then 1s held over the particles and gradually lowered until
the particles attach themselves to 1t The rod 1s then moved
over the nerticle~strewn surfecc =nd rotated slowly ot the
some timee After all the conducting particles have been at-
tracted to the rod, they rre brushed off into a suitable
receptacles ‘



APPENDIX 1 =55~

Sampling. C N

Pogeibility of Error. The main possibility of error lics
in the human element involved in the selection of a face to be
tested. The selection of individusl specimens is = specislized
cnge of this. Due to oxidation, solution ond 211 thc processcs
that combine to werther a rock, a "corc" trken ¢ few feet bchind
the vertical face of & quarry would eliminate this crror. The
latcral gredetion in beds would be eliminsted cs a sourcc of
error by tesking scveral '"cores! so thnt an ﬁvcr,ge might be ob-
toained.

Conclusion, If conducted by n qunlified operator the
sampling operation sheuld be rcasonnbly accurate, and o feir
sverage struck. The cost of trking "corcs" is prohibitive in
practicelly every cases

Separstion

Posgibility of Error. While not in crrer, the zones as-
signed two to five yecars ago do not egrec with those that are
spparent today principally becouse of "pinching out" of streta,
etc, Also, thc bulk specific gravity will vary both horizontally
and verticelly 4n ~ny zone so of necessity correletisn will be
" poor 1In oany case. ‘

1

Conclusion. Correlrstion, cven if not positive, will be
intercsting ~nd relevant for the specific grovity used to dcter-
mine qualificetions of aggregete. Compnrison with results ob-
toined in this study should be of values

Crushing

Poggibility of Error, fomc criticism hns been brought to
beer on the sizc of the crushed material. Whot chenge could be
effectcd by chonging the narticle size is not knowns However,
it is known that the use of 2 powcrful magnet on the materinl
yields no crusher frogmentse.

Conclusion. Until such time as the sizec of the particlcs
is Known to have more influence than thc spced of thc reaction
of the a2cid, this method will bc used. By using frogments of
this size, the disclosure of the prcscnce of silicious fossils
end all silicious replacemcnts wns facilitntcd.,

Stmple Splitting

Posgibility of Error, The operotion secms quite compre-
hensive but it must be admitted thot no control hes been ran on
these in order to.detcrmine ~ccuracy of opcrrtion. Until such
time ns an accurnte check is mode, no ccrtainty is assurcl,
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Conclusion. As stated, this operation must be checked to
assure complete confidcnce in results. Howcver, it is an rc-
cepted method of pctrogrophers and rcsults may be assumce to be
reasonably o.ccurate,.

Thin Scctioning

Pogsibility of Error. Any factor contributing to crror
would occur in study of the thin section.

Conclusion. The quelity of thce thin section lies in the
inherent skill of the operetor which should comc with a smoll
amount of proctice.

Insoluble FEcsidue Process

Possibility of Error. Thec valance used was accurate t=
one-tenth of a grom. Due to thc sizc of thc samnle the maximum
error was onc ponrt in two hundred. The filter uscd wns o medium
Pyrex (Gooch type) fritted filter, Duc to o negative chorge de-
veloped 2t the filter by o difference in potentinl, thcrc is -
rcpulsion of 211 positively chorged ions in suspcnsion. Thus,
the mrterinl prssing the filter wns estimnted «t only one-tcnth
of one percent. Room temperature was used for temperature of
reaction and did not vary enough to be of conscquence. when
dolomite is tecsted, it is nccess2ry to heat the rcaction %o
drive it to complection.

Conclusion. No certainty exists as to thc accurnscy of
this mcthod. It is not known what intricecics of chemical rcec-
tion occur on digestion of thec sample. Results point to the
frct thet some insoluble chlorides were formede What other re-
actions took place was not certein. A deviation of from one te
two percent in results may be expected. Although o latcral
voriation occurs in every ledge, it is not known if the vorio-
tion is of sufficient emount to cmuse this mecthod to bec unten-
eble. DResults in other endeavors in thc past scem to substanti-
ate our mcthods. Rescmrch is progressing in this dircction,
Results will be recported laters Until such timc os this method
is justified, no dcfinite conclusions may bec made.

Clay Mincrnl Reccvery

Tossibility of Error. Recovery of the clay mincrel freoc-
tion was ncver complete. There is ao known metlinéd tnh~1 1s de-
signed for this. This method assurcg recovery o ¢ riprescnta-
tive fracticn of the clay minernl content. Wowever, This size
wos not limited to the clay mincrsl alonc so tiac ercnnlc was
ncver pure., Thce cxtrencous materisl diffrncts some lincs of the
pattern thet tend to confuse ond must be ignored. It is the
most practicsl mcthod =~nd must bc nccepted.

Conclusion. Whilc not efficient, ns mcntioned, the first

i54



2im wos satisfied nas this method pcrmits identific~tion of the
clay mincral froction. The first premisc wes thot it wos the
type ond not the emount of clay minernl thet wos important,

X-Ray Diffraction

Posslibility of Error. An error in this process,would pro-
duce & film that was not rcndadble. Thercfore, no serious error
could be m~de from this, only from crrors in study of the film,

Conclusion, Duec to availability of egquipment, tests have
been limited thus far to only prcliminory evaluation.
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APPENDIX 2
ANALYSIS OF IL.IMESTONE

Place 0.5000 g. of limestone in a 150 ml. beaker and mois-
ten with water. Cover the besker with a watch glass, add
10 ml. of HCl, heat on the hot plate for a few minutes and
2dd 3 ml. of Hi0,, When most of the reaction ceases, wash
and remove the wgtch glass, we.sh down the side of the bealker
and dilute to 50 ml, Evaporate the solution to dryness and
bake te dehydrate silica. Add 5 mle of concentrated HCl to
the covered besker and heat until basic salts have dis-
solved. Wash and remove the cover, dilute the solution to
50 ml. and heat for 15-20 minutes. Filter the solution
through Whétman No. 40 paper into a 250 ml. beaker, trans-
fer the silica to the filter and. waeh with hot water,
(Repeat the evaporation, take up the material in HCl and
water a8 before, and filter through a second naper). Re-
serve the filtrate. Place the filters in a platinum cru-
cible, burn off the paper, and ignite to constant welght.
Add a few drops of weter, a few drops of 50% HZSO , end. L-¢§
ml. or Hydreflouric Acid. Evaporate to dryness, Ignite

the residue and weighe The loss in weight due to treat-
ment with HF (Hydroflouric Acid) is the weight of SiOZD

% S10, = 200 x Wt S10,

Iron and Fuse the residue remaining in the crucible from the sllica
Aluminum determination with 1-2 g of NaxCO2. Place the c:ucible in

Oxldes

Calcium
Carbon-
ate

a 150 ml. beaker and dissolve the fusion in 10 ml. of di-
lute HC1l added in two portions. Wash and renfove the cru-
cible, and add to the filtrate reserved from the silica de-
termination. If the solution of the fusion is not per-
fectly clear it should be filtered througn a Whatman No, 2
paper. Add 2-3 drops of Methyl Red indicator and meke the
hot solution just elkaline with NH)OH and boil for two
minutes. If the pink color returns £dd another drep of
NHyOH. Filter the solution through a ¥hatmen No. 40 paper
into a 400 ml. besker and wash three times with 2% NH;Cl.
Place the original besker under the funnrel and dissolve
the precipitete with hot dilute HCl. VWash with hot water
until the iron color has been removed, and wssh twice with
2% NH,0He Finelly wash 5-6 times wita hot water. Re-pre-
cipitate the iron end aluminum, filter through the original
paper, and trensfer and wash the precipitatc. Reserve the
filtrate. Place the paper centaining the precipitate in
e platinum crucible which has be~2n weighed with cover.

Burn o1f the peper end ignite to constent welghts

% R,0, = 200 x W5 RpOg

3

The filtrete from the determination of iron and aluminum

should have a veolume of 250-300 ml. Add about 20 drops of

NH),OH, heat to hoiling and add 30 ml. of a satureted sclu-

tion of (NHL),Cp0L which has been heated to boiling, 3eil
@ P . . - . . . . Al 1. .

-
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the solution with the beaker covered until the precipitate
is well formed and allowed to stand overnight. Filter the
solution through Watman No. 42 paper into a 600 ml. beaker,
transfer most of the precipitate to the filter and wash
once with cold water. %With a jet of het water transfer
the precipite.te to the originsl besker, heat on the hot
plate and dissolve the precipitate by adding HCl. Use no
more than necessary. To the solution, having a volume of
about 50 ml, add 1 ml of saturated (NHy),C,0y, heat to
boiling and add NHROH with about 20 drops 1n excesse Boill
for a few minutes &nd allow to stand cn the het plate for
about two hours. Filter the solution through the original
paper and recelve the filtrate in the beaker containing
the first filtrate. Wash the filter three times with cold
weter., Reserve the filtrate. Place the filter contain-
ing the precipitate in a platinum crucible which has been
weilghed with cover. Burn off the paper and ignite to con-
stant weight. The percent of calcium carbonate as dcter-
mined from the precipitation of calcium oxalate should be
reduced by the calcium carbonate equivalent of the cal-
cium phosphate,

% CaC0q = 357 x Wt Cal

Evaporate the solution remeining from the calcium dzter-
mination to epproximately 150 ml and cool to rocm tempers-
ture. Add 5 ml of 10% (NHy),HPO), for each 7% Mg(C, in tiw
sample, and slowly add WHjyOH until it is in about 10% ex-
cesss The solution should be frequently stirred curing

the first hour and allowed to stand overnight with the
beaker covered. Filter the solution through Whatmen No.

L2 paper, wash out the beaker and wesh the peper tive times
with 2% NH),OH. Place the original beaker under the funnel
and &issolve the precipitate with hot dilute HCle ‘Yash

the paper five times with hot water and twice with 2% NH;OH.
Wash the sides of the bezker with hot dilute HC1l and hot
weter.  Add 1 ml of 10% (NHy)o,HPOy and add NH;OH as in the
first precipitation. The solution should-be fregquently
stirred during the first hour and 2l1llowed to stend two
hours. Filter the solution through the originel filter,
trensfer the precipitate and wash the filter five times
with 2% NH, OH. Place the paper containing the Drccipitete
in a vared platinum crucible and ignite 2148 welgh.

2 HgCOy = 151.2 <« V't ¥pt

Plece 2000 g of limestone in a 25C mi teaker end molsten
with woter, Cover the besker with e wotch gless, edd 1C
ml of 3Gl, heat on the hot »late Tor a few minutcs 2nd

add 3 ml of HNO.,, When most of the rcaction ceaseg, woeh
end remcve the wetch glass, and wash down the sides of the
beeaker., Eveporate to dryness. Make twe evaporetions with
5 ml portions of HCl, washing and removing the cover and
washing the sides of the beeker each timc. Add 15 ml of
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HCl, heat for & few minutes, and wash with obout 15 ml of
wetery, Reduce the iron by the dreapwisc 2ddition of SnCl,
to thc hot solution. Add 1-2 drops in excess after the ©
solution beccomes colorless. Cool under the water tap cnd
edd 25 ml of a saturated solution of HgCl,. Stir ond el-
low to stond fivec minutes, 2dd 15 ml of dflute H,80;, and
dilute to rbout 200 ml. Titrate the solution wi%th ¥.1

N KMnO, solution to o faint pink coler,

% F6203 = 7.98 x M1 KMnO) x Normality

Plnce 1.000 g of limestone in = 150 ml beaker, add 10 ml
of HNO,, cover &nd heat for 30 minutes on the hot plate;
add 15°ml of HCl, heat with cover on until violent ection
ceases, then wash cover and sides of beoker with woter enl
evaporate to 10 ml. Add 50 ml of water, filter through
Whatmen No. 40 poper into o 400 ml beaker, ond wash the
residue with hot woter. Burn off the paper, ignite the
residue, and destroy $iQ,. ns above. Fuse the rcsidue with
1-2 g of NeosCO4, ond disfolve the material in hot water,
Filter the wateér cxtract through a Whetman No. 1 poner in-
to the beaker contoining the main solution. Evrporate to
dryness, add 10 ml of HNO- ond hest with the beakcer covered
until basic salts have digsolved. Dilute to 50 ml wi*th
hot wrter and heeot until all materiol is in solution, and
until nitrous fumes heve becen driven off. Traonsfer to o
300 ml erlenmeyer flask end dilute to 100 ml. Sorrt a
blank by diluting 10 ml of HNO3 to 100 ml in o~ flaske.

With the solution at a temperature of #0°-50° adl 50
ml of molybérte rcogent. Sheke the fiack for 10 minutegd
and =llow to stand 30 minutes. Filter the solutiorn throu-a
a Whatmen No. 7, 9 cm poper, end wosh the flosk with chroe
portions of .5 KNO,., %ash the filter fiom the top dowa
with ten portions 3r 1% XKNO,. All minarcl ncid shoull be
removed, but since the proc%pitato is slignslty solublc in
the washing solution, washing must not he carried to ex-
trecmes. Pleace the filter in the original flosk, ned 274
ml ¢f 0.1 N NeOH in excess from a2 buretse, nngd shrlke un-
til 211 thc yellow prccipitatc hos aisswlved. Disuvte o
100 m1, odd threc drops of phenolphthalein lndleonsri, and
ti*r~te to an end point with 0.1 N ENC,. Caiiculawe the
2l of WsOE equivelent %o the phosphorus.

% 093 (?Ob>? 20,675 x ml Ma0l ox Normolity
% CaC0nq ST CL9% X b CnaffO&)g

Yresibility of Frrer. Thesc methode arc subjeed to
cxporimentel crrors.  Whacn -»nroximctions ore

thc usunl
mocde, they will e so stated rra Srceted as suche




ey o

Conclusions, Thesc methads ~re ~ppliceble to corbon-
ate rock if no separate determinctions arc to be mede.
Any determination mrde represcnts the totel omount present,
without regerd to its nature of occurrcncc. The total of
the determinations nnproaches 1004 of the samplc and the
results are suiteble for many comperctive studies.
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REPORT OF CHEHMICAL ANALYSIS

‘ Quarry #1
Qecember 18, 1946

Five samples of limestone, representing the five geologi-
cal zones assigned to the quarry by the geologist, kr. Young,
who provided the scmples for ana1y81s, were enalyzed using
standsrd procedures.

The results are included herein:

Sample #1 #o #3 o #s ;
510, 3.51% 3.78% 2.15% 3.95% | 2.26%
Fe,04 . 75% . 84% .61% .83% .53%‘
A1,04 1. 76% 1.69% 1. b6% 2. 32% 1.53%]
Cay(POy), .93% .2.55% 2.61% | 2.81% 2093%5
CaC05 86.10% 82.60% 85.80% h82,oo% 37,#@3%
NgCO, 6.94% 8.51% 7.28% §.003 5.29%{
Total 99. 99% 99. 9%% 99.91F  99.91%  99.94%
Bottom 0-5 ft. €-11 ft. 12-18 £¥{.20-24 T, 25-20 7%,

It will be noted that there is a gred:i.] increasc in the
nercentage of C~, qu)~ from sammle #1 throuch Sample #5,

Additional gencralizations will not be etfternpted until
further data hare keen obtained.

/s Jemee H. Haveonr
Addendum: Samnle #1 indicates thet the Jessamine liaestone

me.y contain considerably less Ca,(PC) ). than the Bensnn sericse
} 3VEELI2

2ng _Adcendum: Phosphorous in the insnluble residuve  ~nd soaluble
nhosohorou~ were determined separetsiy. Both are renorted as
Ca (POQ)Z, but there is a possibility tha% thet held in the
v081due exists as anmatite (CGSF(PO’)B)n

Soluble (1) .667% (2) 1.87% (3) 2.114 (4) 2.01% (5; =

v . 43%
e 277% .68% . 50% <807 5%
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Tests

Immediate
Immersion

Delayed
Immersion

Three
Minute
Boiling

Immersion
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