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PREFACE.

The direct economic object of the Survey’s work upon the
novaculites was the determination of the geologic and geo-
graphic distribution of the whetstone rocks and of the condi-
tions under which they occur., This investigation was en-
trusted to Mr. Leon S. Griswold, the author of the present
volume, who began the field work in August, 1890, and did it
almost entirely alone and on foot, and that, too, under diffi-
culties arising from the wooded condition of the country and
a sparseness of the population and lack of maps that were
well-nigh appalling. He also had this additional disadvan-
tage, that nearly all that had been written of the structure of
the novaculite area up to the time he began his work was more
likely to mislead than to aid him. Of Mr. Griswold’s investi~
gation the State may justly feel proud, for aside from its econ-
omic importance and value, this study has made known one of
the most beautiful and interesting pieces of structural geology
in this country—that of the Ouachita uplift.

A theory is said to have been held by Dr. Owen, former
State Geologist, to the effect that there was a mineralized zone
or belt running from somewhere in Missouri southwest across
Arkansas by way of the Kellogg mines, and various other
mines and prospects, and intimately related to a supposed
granitic axis of the State, or to its axes of plication.

How vague and unwarranted such a theory is has long been
evident, but prior to the working out of the structure of the
Quachita uplift as here presented by Mr. Griswold, facts were
lacking for pointedly proving such futility, and nothing effec-
tive could be said in opposition to it. The granitic axis theory
advanced by Owen was accepted as a fact by those who fol-
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lowed him,* while piospectors have clung to and worked upon
the theory of a mineralized zone with a faith born of despair.
The present Survey has already shown that there is no granitic
axis in the State, and that the eruptive rocks formerly sup-
posed to be Archwan granites are of post-Cretaceous age.
With the present volume it is shown beyond the shadow of a
doubt that the structural axis—the great Hot Springs anti-
cline or Ouachita uplift—has no such trend as that assigned
the theoretic granitic axis and mineralized zone, but that it has
a slightly undulating, nearly east-west trend, while all the rocks
of the region follow more or less closely this trend of the main
axis,.

The graptolites found by Mr. Griswold, at Hot Springs, are
the first fossils known to have been found in the area of the
Ouachita uplift. The discovery is one of great interest and
geologic importance, for it settles in a satisfactory manner the
age of the novaculites, and in a general way of the rocks under-
lying them. It is true that Rogers speaks of Trenton rocks in
the “ Washita” regions of Arkansas, but I am much inclined to
think that this was simply an inference on his part and not a
determination based upon paleontologic evidence.

It is proper that some reference be made in connection with
this report to the schemes occasionally put on foot for boring
for oil and gas in the vicinity of Hot Springs, and at other
points within the area here discussed. For the benefit of those
who may be tempted into such speculation, it may be said
without going into details that there is not the slightest evi-
dence that there is either gas or oil in the region in question,
and lest some one may be led to hope for such things because
there are “ Trenton” rocks in the novaculite area, it may be
said once for all that Trenton rocks do not necessarily have

anything whatever to do with the presence or absence of oil
or gas. '

#See Second Report of a Geological Reconnoissance of Arkansas, by David
Dale Owen, Philadelphia, 1860, pages 16, 17 and 111 a pamphlet entitled ¢ Silver
in Arkansas,” by C. P, Conrad, Little Rock, 1880, p. 3 ; also Geological Reconnois-
ance of the State of Arkansas, by George Haddock, Litile Rock, 1873, p. 37.
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In examining the maps accompanying this volume, the
reader must not imagine that all the area represented as novac-
lites is covered by commercially valuable Quachita or Arkan-
sas stone. Indeed it is not possible to say just where, in this
area, the good whetstone rocks do occur, for valuable whet-
stone rock is only locally developed, and its exact distribution
can only be determined by prospecting, and prospecting is out-
side the duties of the Geological Survey. It will always be
found, however, when found at all, within the area colored for
novaculites. The prospector will therefore be able by the aid

" of this report and its maps, to direct his efforts to good pur-

pose, and to avoid the mistakes and the loss of time that
always come from aimless and random work. He must, how-
ever, lay aside the theory hitherto followed, that good whet-
stone rock can only be found in northeast-southwest lines, ex-
cept in localities where the structural lines have a northeast-
southwest trend. The whetstone rocks follow the structure of
the region in which they occur, and when the structure changes
the trend of the whetstone beds must change also. In the
Trap Mountains these outcrops have an east-west trend; in
the Cossatot region they run northeast-southwest, and so on,
the trend of each bend depending upon the geologic structure
in its own locality.

The discovery by Mr. Griswold that the porosity of the Ar-
kansas whetstones is due to the solution and removal of rhombs
of calcite is one of scientific interest and of much economic
importance, and the prospector should keep in mind the con-
ditions under which such leaching is most likely to take place.
It is my own opinion that when whetstone rocks occur in
ridges with beds of clay underlying them, these clay beds are
mechanical factors of the first importance in the removal of
the calcite by directing penetrating waters along the novacu-
lite beds and consequently in changing the compact rock into
material porous and soft enough for whetstones. If this is
correct the presence or absence of the confining clay bed
should be accepted as valuable information.

The discussion of the advisability of establishing whetstone
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factories in this State cannot safely be based upon geologic
fact alone. For the establishment of such industries it is in-
dispensable of course that we have an abundance of the rough
stone ; that we have this abundance there is no question, but
other considerations, such as the demand for good whetstones,
the competition of cheaper stones, the distance of the markers,
the cost of skilled labor, the comparative freight rates upon
rough and finished products, and the convenience of quarries
to transportation are of quite as much importance in the estab-
lishment of factories as the abundance of the unmanufactured
stone,

In connection with the present work upon the novaculites,
the Survey has received the kind co-operation of many persons.
Especial mention should be made of Mr. J. J. Sutton, of Hot
Springs, whose intimate acquaintance with the quarrying and
whetstone industries has been of much value. Acknowledg-
ments are also due Dr. R. R. Gurley, of the United States
Fish Commission, for his careful study of the graptolites found
in the novaculite area; to Dr. J. E. Wolff, of the Harvard Uni-
versity, and Prof. C. R. Van Hise, of the University of Wiscon-
sin, for assistance in making the microscopic examinations
The photograph from which the frontispiece was made was
kindly furnished by Mr. W. P. Jenny. Others to whom the
Survey is indebted are mentioned in the text.

JOHN C. BRANNER,
State Geologis:.
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ERRATA AND ADDENDA.

Second foot-note, Alfenue should be Alfenus.
Thirteenth line, zoir should be razoir.
Twentieth line, words should be works.

Second foot-note, Fichtelgebage should be Fichtelge-
berge. -
Under North Carolina, How River should be Haw River.

Eleventh line, and should be end,

Fifth line, XIII. should be XVIII,

Bottom of page should be inserted, (Magnified 200 di-
ameters,)

Second line, V. should be III.

Seventh line, 37 should be 27.

Fourth line,j37 should be 27.

Sixth line, Bear Den Mountain is the same as Bare
Mountain of page 24I.

Twentieth line, 1858 should be 1878.
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THE NOVACULITES OF ARKANSAS.

By Leon S, GRIswoOLD,

PART I.—ON WHETSTONES.

CHAPTER 1.
TueE EArRLY HisToRrY oF WHETSTONES.

Earliest use.—In very early times, while man was still de-
fending himself against wild beasts with weapons of stone, he
must have made use of other stones on which he could grind
edges for his weapons or smooth them into shape. The first
grinding was probably done by rubbing upon a large station-
ary stone the fragment to be shaped. Furrows in the bed
rock made by this sort of grinding have been noticed in Brazil ;
“The grooves are from eighty to one hundred and twenty cen-
timeters in length, about the length of the natural movement of
a man’s arms when in a kneeling position.” * These grooves
were made chiefly in the grinding of axe heads; and the
scratches made during this process are almost always visible
on the finished tools.

All the world over ground implements occur together with
chipped ones. In the Report of the Smithsonian Institution
for 1870, Mr. Knight mentions a stone sword with a ground
edge from New Zealand,} as well as axes and arrow heads
from all parts of the world, In the same report whetstones]

* Archivos do Museu Nacional, Rio de Janeiro, Vol. VL, 1885, p. 484.
tA Study of the Savage Weapons at the Centennial Exhibition, by Edward H.
Knight, Philadelphia, 1876,

tIndian Relics from Scoharie, N.Y.,byF. D. Andrews, p. 391,
1G
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are noted amongst Indian relics found at Scoharie, New York.
The use of detached fragments of stone for abrading purposes
must have come later than the grinding on stationary rocks,
however, and must be taken as an evidence of progress in
civilization.

As the use of metals for spear points and arrow heuds, and
finally for knives, swords and tools became known, the need
of a substance for producing an edge was felt more strongly,
and must have led to search for and discrimination in the
various kinds of stones. In all probability sandstone was first
used, as it is generally distributed ; its coarse grit would first
attract attention, and the rough edge that it gives was all that
was at first required. With the progress of the arts probably
came the discovery and use of the gritty shales for sharpen-
ing purposes.

Dervivation of earvly words jfor whelstorne—The importance
and antiquity of this process of sharpening is shown by the ex-
istence in the Sanskrit of a word ca, meaning to whet, to
sharpen, From this is derived the Latin cos, which means in
particular a whetstone or hone, but may be used in general to
denote a flintstone or any hard stone. From c¢os™ are derived
cotariat which means a whetstone quarry, the existence of the
word showing the importance whetstones had reached before
the Christian Era, and coficulal meaning small touchstone,
from which comes the French coticule meaning whetstone of a
fine quality.

Another Latin word, novacula, in use by Cicero, Petronius,
Celius, Valerius Maximus, Livy and others, and denoting
first a sharp knife and then a razor, is used by Linnzus§ with
and without the word cos to denote a fine quality of whetstone,
the razor-hone, To Richard Kirwan, in his mineralogy of
1784, is attributed the anglicizing of this word to novaculite,
which form of the word has since been retained.

*See Harper's Latin Lexicon under cos.

1See P. Alfenue Varus, Digesta 39, 4, 15, B. C. 2.
1Pliny, Hist. Nat., 33, 8, 43.

4Linnseus, Systema Naturee, 1768 and 1796.
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FOREIGN WHETSTONES,

Pliny.—Pliny, A. D. 23-79, in his Natural History,* says
that there are many kinds of stones used for sharpening iron
implements. A translation reads: “Crete for a long time had
the best reputation; Laconia was second with stones from
Mount Taygetus, both needing oil; among water stones the
reputation of the Naxian was at first the best, afterwards of the
Armenian, * ¥ * the Sicilian stones can be used without oil
or water; with water those of Arsince.t They are found
both in Italy, producing, with water, an edge of the keenest
sort, and also across the Alps, and these they call passernices.}
A fourth kind is of service in barber shops, used with the
spittle of men; these are of no use when brittle or soft.
Small layers of this kind of stone particularly come from the
nearer part of Spain.” ‘

From this sketch of Pliny’s we learn that all the methods of
using whetstones which are now known, with oil, with water,
and dry, were known at least shortly after, and probably be-
fore, the beginning of the Christian Era. Of the localities
which he mentions, Crete and Laconia are not noted as pro-
ducing whetstones of late years. Naxos is known for its pro-
duction of emery, but not for whetstones; a fact which sug-
gests that emery stones were used in this early time and called
whetstones. The Armenian stone which came to rival the
Naxian was very likely the Turkey oil-stone which comes from
the interior of Asia Minor, and is perhaps the best known
whetstone in the world at the present time. Sicily and Egypt
are no longer important whetstone producing countries, but
whetstones are still obtained in Switzerland, Italy and Spain.
The existence of the razor-hone at the time of Pliny is inter-
esting to note, and his account is rendered much more valua-
ble from hones and whetstones having been found among the
ruins of Pompeii.§

*Historia Naturalis, 36, 22, 47, par. 164.

TArsinee, a town of Lower Egypt or Cyrenaica.

Y Passernix is the Celtic word for whetstone.

4Museum of Antiquity by L. W, Vaggy and T. L. Haines, Chicago, 1882.
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De Bomare—~M. Valmont de Bomare, in his Dictionaire
Raisonné Universal D’Histoire Naturelle,* to indicate the gen-
eral class of stones, uses the name “pierre a rasoir” (razor-
stone) and gives as synonyms, ¢os, guenx, pierre naxienne and
lapis coticularis. “As it comes from the quarry this stone is
soft, but it hardens with use: it is composed of fine particles
compactly arranged: it is divided into layers, the colors of
which are sufficiently different and easy to distinguish for one
to notice them in all the whetstones (pierve a aiguiser), oil-
stone, or razor-hone stone (pierre & rasoir), which are some-
times composed of two layers, one brownish and the other
gray or yellowish-white ; the two are as though glued together;
neither is dissolved by acids.”t

“ They chip the stone into shape in making whetstones out
of pierre & aiguiser. The true pierre & rasoir are the gritty
shales.” ’

The names cos and guenx are given by some authors to sand-
stones.

Bomare says that “ Turkey grit or scythestone (pierre &
fauz), cos Turcica,” resembles a certain species of hornstone.
With oil it hardens considerably.

“The grit of the knife-grinders, Zapis cotarius, is a stone the
particles of which are of unequal coarseness, bound together
so closely that water can scarcely penetrate it. By chipping
it they make grindstones or whetstones used with or without
water,” 1

In these descriptions Bomare confuses terms, making the
true razor-stone (pierre & rasoir), which is a gritty shale, syn-
onymous with the pierre & aiguiser and with cos, which are
merely coarse sandstone whetstones. It is interesting to note
the preservation of the name of the Naxian stone of Pliny,
though the Island of Naxos is not given by Bomare as a whet-
stone locality. So, too, the name of Turkey stone is applied
to stones from various parts of Europe, omitting the single
locality where this stone is found.

*Published previous to 1749, but not long before.
+The stone here described is the celebrated Belgian stone from the vicinity of Liege.
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Buffon.—Buffon's Histoire Naturelle was published in 1749.
1ts author makes two divisions of whetstones, the sandstones
and the Turkey grit, and tells the use of each, the sandstone
being used to give simply a sharp edge, the Turkey grit for a
very fine edge. He, too, is of the opinion that the Turkey
grit is found elsewhere than in Turkey.

Da Costa—Da Costa mentions* various kinds of sandstone
which are used for whetstones, and he gives as synonyms for
whetstone, “cos portabilis,” and “cos aguaria,” meaning porta-
ble stone and water stone. Da Costa very justly questions the
use in a general sense of the word Turkey stone, as such a term
should only be used commercially and not to denote a class of
stones which may be very different in texture, though used for
the same mechanical purposes. Whether it was brought about
by the influence of Da Costa’s writing or not, it is impossible to
say, but the principle which he advocated is the one prevalent
today, the names of places being very generally used in speak-
ing of whetstones, but only used to designate the locality
whence they come; thus we have ‘“Scotch water-of-Ayr
stones,” “ Belgian hones,” ““Norway rag-stones,”” Hindostan
and Arkansas stones, etc. Some mode of distinguishing the
various whetstones is necessary, for there are decided differ-
ences in stones from different localities; the idea of using the
geographic location is commendable for its simplicity and for
the information it conveys concerning the origin of the stone.

Wallerius.—In the Mineralogyt of Wallerius the following
classification of whetstone is given:

“ VITRIFIABLE STONES.”

“.Slate whelstone,
The varieties of whetstone are:
1. Black whetstone (coticula nigra, cos salivalis).
2. Gray whetstone (coficula cinera; cos salivalis).
3- Yellow whetstone (coticula flavescens, cos salivalis).
Sandstone. Turkey whetstone (cos turcica).”

Of the different species of grindstone grit, Wallerius says

*History of Fossils, by Emanuel Mendes de Costa, 1757, p. 133.
tMineralogie, Jean Gottschalk Wallerius, Paris, 1759, vol. 1.
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small whetstones are made, which must not be confused with
those made from shales. .

Linneus.—Linnzus* in his Systema Naturz, 1768, mentions
several varieties of whetstone, including *“ sandy stones (cos zo-
vacula),” stones with gritty, or impalpable particles found in
the Orient, etc., and used by barbers to sharpen razors.
Earthy stones, comprising a schist described as white, or black,
having a firm texture and taking a polish; and Lydian stone.

In the Systema Natura, edition of 1796, the clayey rocks,
including shale, have as a sub-heading *“ Novacula.” This is
described as '*a stone shining and glistening within, not en-
tirely opaque, somewhat hard, greenish, ash-colored or white.”

He mentions as localities from which novaculite comes, Oel-
andia, and Franconia near Lauenstein, and names as localities
for sandstone whetrock, Sweden, Westrogoth, Scania, Saxony,
Thuringia, , Hesse, Lorraine, Switzerland, Transylvania, and
Spain.

Descriptions by Wallerius and Linneus compared.—These
descriptions by Wallerius and Linnaus are very similar ; they
both call the Turkey stone a fine sandstone, as undoubtedly
Linnzcus has the Turkey stone in mind when he mentions the
Orient among his localities of sandy stones; Wallerius makes
a decided distinction between the sandstones and shales or
slates, the shales clearly corresponding with the “wovacula A
of Linnzeus. Linnzmus uses zovacula also as a descriptive term
in mentioning sandstone and schists used as whetstones.

Linnzus is the first to mention the Lydian stone, though it
must have been in use long before his time. This is a black
stone of very fine grain, used to test the quality of gold and
silver. The article to be tested is rubbed on the stone; the
quality of the metal is judged by the color of the streak, and
also by noting the effect of acid on the streak. The essential
qualities of the stone are the same as those of a whetstone, ex-
cept that the grit should be much finer; thus it isvery properly
put in this group of stones. The name indicates the original

%The Systema Naturz is dated 1768, but as Wallerius in his work, (1759), refers.
to Linnzeus, some publications must have been made by him before that date.
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source of supply to have been Lydia in Asia Minor; as stones
from other localities came into use, the general term for stones
used for this purpose became ‘‘ touchstone,” though * Lydian
stone” is still sometimes used. Another synonym for touch-
stone is basanite.™

Kirwan.—The first English mineralogy of repute was pub-
lished in 1784 by Richard Kirwan. He follows Wallerius and
Linnzeus in his description of whetstones, but adds some new
facts. The Turkey stone is correctly described by him for
the first time: “This is of a dull colour and uneven texture,
some parts appearing more compact than others, so that it is
in some measure shattery; it hardens with oil; its specific
gravity is 2.508 ; it gives fire with steel, yet effervesces with
acids. I found 100 parts of it to contain 25 of mild calca-
reous earth and no iron.t Ragg-stone.—Its colour is gray; its
texture obscurely laminar, but the lamina consist of a conge-
ries of grains of a quartzy appearance, coarse and rough; its
specific gravity is 2.729; it effervesces with acids, and gives fire
with steel. I found it to contain a portion of calcareous earth,
and a small proportion of iron. It is used as a whetstone.”
Kirwan also speaks of sandstones with argillaceous cement as
being used for whetstones, and gives as localities, Keredge,
and Brownedge in Staffordshire.

D’ Hauy —Reéné d’Hauy,] calls whetstone ““argile schisteuse
novaculaive,” synonymous with coficula, and says that it is
commonly called pierre & rasoir. His description is that of the
Belgian hone, “found near Liége.”

Brongniart.—The subject is much more fully and clearly
treated in Bronguniart's Mineralogy.§ In this account the
point is made that many of the stones which serve to abrade
steel can be scratched by iron, or even by points of softer
metal. His description of the whetstone schist (sc/iste coti-

#See Egleston’s Catalogue of Minerals and Synonyms under Sasanife.

tOp. cit., p. 140.

IMinéralogie, par I'Hauy, Paris, 1801, Vol. IV,; p. 448.

4Traité Elémentaire de Minéralogie par Alexander Brongniart, Paris, 1807, Vol.
L, p. 558.
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cule) corresponds to that of novaculite given by Linnzeus. Ac-
cording to Brongniart, the following varieties were sold in
Paris: “Razor hone.—This schist comes from the vicinity of
Namur. The lancet stone ( pierre & lancette) is of a greenish
gray ; its texture is hardly schistose, and its fracture conchoi=
dal and flinty; it comes from Germany. The hard water
stone is compact, with a flinty fracture, greenish, but paler
than the preceding.”

It is evident from these last authors that the mica schist was
in use as a whetstone at the time of Linnaus, but it was prob-
ably not well known, as he merely mentions it. De Bomare’s
description indicates that the Belgian hone was one of the
first, if not the first, schists to be used. These writers make
apparent also the new use of the talcose rocks for whetstones,
for these stones are not described by the earlier writers.

Steffens—Heinrich Steffens in his Mineralogy™ introduces
the name * Wetzschiefer” as a synonym for novaculite. This
word is credited, however, by Brongniart to Brochant. The
occurence of the new word is additional evidence of the use
of a new whetrock, though “Wetzschiefer” now means whet-
slate rather than whetstone schist.

Delametherie—Delametherie goes back to the old word e¢os,
and gives a general description of both fine and coarse whet-
stones.  He mentionst the German word ‘ Wettstein,” and
credits Werner with originating the word * Wetzschiefer,”
which he spells “ Westschieffer.”

Jameson.—Jameson's Mineralogy mentions] a new abrading
stone, “ polier or polishing slate.” This is a soft, friable stone
used only for polishing purposes.

Jameson uses *‘whetslate” as the term for a fine-grained
whetrock. He places the Turkey stone in this group, and
gives the following account of it: “The Levant whet-slate is
brought in masses to Marseilles, and is there cut into pieces
of various sizes. It is ground by means of sand or sandstone,

#Handbuch der Oryktognosie, 1811.
tMinéralogie, par J. C. Delametherie, Paris, 1812, Vol. IL, p. 174.
iVol. L, p. 423, 1816.
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and polished with pumice and tripoli. These whetstones, or

hones as they are called, ought to be kept in damp and cool
places; for when much exposed to the sun, they become too
hard and dry for many purposes.”

Jameson states what one may have already suspected from
a study of previous writers, that whetrock is treated as a dis-
tinct mineral species, with several varieties. This is of course
unsatisfactory, since the possession of common mechanical
properties by whetstones does not imply uniformity of compo-
sition,

The following is an extract on whetstones from the * Min-
eralogy of the Chinese Empire” by Herr Hofrath.* “A China-
man of Urga used as a whetstone to sharpen his tools a very
pretty piece of whetstone of an asparagus green color. He
called it Piluk, and gave me to understand that it is found in
that country, which is not improbable, since one finds among
the boulders of the mountain streams clay-slates which pass
into whetstones.”

Aiken.—Aiken follows Jameson in the use of the term
“ whetslate,”t and makes it synonymous with the “ wetz-
" of Werner. Asthe description given applies strictly
to whetslate, and does not include other whetstones, there can
be no objection to its use. His description is as follows: “Oc-

curs massive; structure slaty ; longitudinal fracture splintery ;

almost dull; color grayish, yellowish, brownish, or muddy
green ; translucent on the edges; yields to the knife ; somewhat
unctuous to the touch; specific gravity 2.7. Before the blow-
pipe it becomes white, and acquires a vitreous glazing.” This
is essentially the description of novaculite, so these two words

~can be considered synonymous.

Nownvean Dictionnaive d’ Histoive Naturelle.— Considerable

attention is given in the Nouveau Dictionnaire d’Histoire Natur-

ellef to the subject of abrasive materials, The general word
used corresponding to whetstone, including all the others, is

#Taschenbuch fiir die .Minem!cgie, Dr, Carl Casar Leonhard, 1818, p. 414,
TManual of Mineralogy by Arthur Aiken, 1815, p. 258.
TParis, 1818.















































































































































































































































































































































































































































































































































































































































































































