
- -- 

December I, 1893.1 SCIENCE, 

SCIENCE : 

PUBLISHED NEWYORK.BY N. D. C. HODGES, 874 BROADWAY, 

To any contributor, on request in advance, one hundred copies of the issue 
containing his artlcle w;l! iie sent without charge, l lore  copies will be sup- 
plied a t  about cost, also if ordered in advance. I<cprints are  not supplied, :is 
Tor obvious reasons we desire to circulate : ~ s  rnany copics of S C I E S C E  as pos- 
sible. Authors are, howe\,cr. a t  perfect liberty to have their arliclesreprint- 
ed elsewere. For illustrations, dravings  in black and white suitable for 
plloto-engraving should bc sugplicd by the contributor. Rejected nlanu-
scripts will be rcturned to the authors only when the requisite amount of 
postage accotnpanies the tnanuscript. Whatever is intended for insertion 
p u s t  be authenticated by the name and addrcss of the writer ; not necessa-
rily for  publication, but as a guaranty of good faith. We do not hold our- 
selves responsible for any vicw 01. opinions expressed in the corumunications 
of our correspondents. 

Attention is called to  the "Wants" column. I t  is invaluable to those who 
use ~t in soliciting information or seeking new positions. The name and ad-
dress of applicants sllould be given in full, so that answers will go direct to 
them. The  "Exchange" column is likewise open. 

TEXAS CLAYS AND THEIR ORIGIN. 

d SHORT time ago, while engaged in making a report 011 
the clays of the State for the Geological Survey of Texas, 
I had occasion to study a large number of analyses mado 
of clays belonging to the different Tertiary formations. 
During the course of the investigations i t  appeared to me 
that there was a peculiarity in the chemical composition 
of these clays not often seen among clays-that is, while 
in nearly every other clay to the analysis of which I had 
occasion to refer, ancl in which the alkalies, l~otush and 
soda were separated, the contained potash yppears to es- 
ceed the percentage of soda, and in some instances this 
escess appears to be very great. I n  the 'Texas Tertiary 
clays, on the other hancl, almost evory olle of the analyses 
made shows the soda to exceed the potash in ratios froin 
2 to 5 of soda to 1 of potash. As this excess varies in the 
different divisions, the difference generally increasing as 
we ascend in the beds, while a t  the same time the actual 
cluantities of both dtcrease in the same ratio until the 
highest or coastal clays are reached, when the aniounts of 
both are largely increased, I have been led to the opinion 
that this peculiarity might be due to the origin of the 
materials forming these deposits, or that some clue to 
their source might be obtained by u. study of this 
phenomenon 

With this object in view, I have examined whatever 
analyses have been available of the deposits unclerlying 
or older than the Tertiary within the  State, as well as the 
analyses belonging to the Tertiary and other beds lound 
in the other States, so far as I have been able to obtain 
them, together with the anaiysis of the underlying de-
posits from which the clays nlny reasonably be expected 
to have been derived. 

I n  the New Jersey clays, which, accorcliag to Cook, are 
of Cretaceous age and derivecl mostly from rocks lying to 
the southeast of the deposits, but  which are now covered 
with water, or else completely destroyed, the percentages 
of potash and soda are 0.93 potash and 0.10 soda. In  
Ohio, according to Mr. Orton, the clays derived froin 
the Carboniferous shales show averages of : 

Potash. Soda. 
5. Fire clays, - - 0.67 Traces 
8. Potters' clays, - - 0.91 Traces 
6. Pipe clays, - - 2.82 0.26 

Or an  average of - - 0.18 0.013; 

I n  Kentucky, the next report examined, Dr. Peters 
shows the averages of the different formations to be: 

Potash. Soda. 
10. Tertiary fire clays, - 0.607 0.099 
r7. Coal-measure fire clays, - - 0.53; 0,407 
j. Tertiary Potters' clays, - - 0.814 0.208 
3. Coal-measure Potters' days,  - - 2.909 o. 231 
3. Ulaclr slate and Cliiltoll clays, - - 4,537 0.303 
I. Jliddle Hudson clays, - - 4.660 I. 706 

In  Arkansas, according to Williams, the shales show the 
percentages of potash and soda to be: 

Potash. Soda. 
At  Little Rock, - 1.36 2.76 
Ilcund Mountain. - 1.81 u.66 
Fort Smith. - - 2.18 1.03 

These sllaies belong to the Carboniferous, and it may 
be noted that the shales in the neighborhood of Little 
Rock are in close contiguity to the syenite area around 
Eourche Cove. Unfort~~nately no clay analyses showing the 
exact relations between the potash ancl soda in the Ter- 
tiary deposits are available from either Arkansas or 
'Louisiana, into which many of the Texas Tertiary beds 
stretch with unbroken continuity. 

Coming back to the fact that the Texas Tertiary clays 
are sodic clays, i t  is interesting to note that the immedi- 
ately underlying deposLts of Cretaceous age also carry an 
excess of potash over soda. The section of these beds 
appears to be roughly, in descending order, thus: 

Greensand marls, 
Marly flags, 
Ponderosa (blue) marls, 
Chalk marls, 
Austin limestone. 

The published analyses of these deposits show the per- 
centages of potash and soda to decrease as me descend as 
iollows: 

Potash. Soda. 
Greensanil marls, - - 1.7j 2.91 
I'onderosa (blue) marls, - 0.802 2.78 
Chalk marl, - - o . I j  2.84 
Anstill li~nest-one, , - - --0.23 -2.34 

Average Cretaceous, - 0.733 2.72 

Going still further back in the deposits, the  only 
analyses we have of the clays and shales of the Carbon-
iferous how them to be also sodic and to carry a percent- 
age of 3.09 soda and 1.53 potash, or closely approximating 
the ratio shown in the Tertiary basal clays and the lignitic 
beds. 

The only analyses we have of the Texas kaolins show 
the west Texas materials to be practically free from 
alkalies and the Xdmards County deposits to carry 0.02 of 
potash and 0.60 soda. An analysis of the baselt from 
Pilot Knob, near Austin, gave Professor Kemp 2.77 soda 
and 2.02 potas11 (Anzer. Geol., Nov., 1890). A kaolin from 
Pulaski County, Arkansas, shows 0.23 potash to 0.37 soda. 

Clays naturally partake of the nature of the rocks from 
which they may have been derived, and the proportions of 
their constituents will in  the same manner be in a ratio 
more or less in accordance n-ith those of the parent rock, 
the variations being due to the solubility of the constitu- 
ent and tho number of changes to which it may have been 
subjected during the course of its transportation from the 
original locality to that in which we may find it. These 
changes are, however, sometiines extremely great, as, for 
instance, in the case of kaolin. TTTilliams shows a kaolin 
in Arkansas, evidently derived from a syenite containing 
5.48 potash and 5.96 soda, to have only 0.23 potash and 
0.37 soda. 

Since, then, the Texas Tertiary clays appear to be sodio, 
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where are we to look for their sources? Are they duo to 
the destruction of the syenites of Arkansas or the basitliic 
outbreaks of which Pilot Knob is a representative, or rn~rst 
they be tracecl to a still more remote source amoi:g the 
k rup t~re  ancl intrusive roclrs of western 01, central Teuas 
through the media of the Cretaceous, Carbmiferou5 aild 
other stages Iound in Texas? 

Another clnehtion may be asked. The '!'erti,zi.j depositr 
themselves give strong evidences of tlloir beiiig rnosfly of 
marine deposition, hitvi~lg throughout the greater p ~ r t i o n  
of then1 a marine fauna. Had this conrhtion of deposition 
anything to do with the quantitias of soda found in tho 
beds? Was it deposited froin the waters of the sea and 
afterwards absorbed by the clays ? Soclium chlo1,ide itp- 
pears as an efflorescence in many poriions of the area 
Sodium occurs both as chloride and sulpllate in newly 
the whole of the mineral waters examined, and even the 
Greensand marls of the marine beds show, with but few 
exceptions, a large percentage of soda over the potash 

Tlle few soils examined by the officer,; of the Geological 
S u r ~ey have also the same apparent constit,ution. Soda 
appears to exceed the potash. 

I t  may also be of interest to find that, acrhording to Dit- 
mar, the relation of socia (Na, 0) to potash (K, 0)iil ocean 
water is 100 to 3.23, and in kelp, according to Richardson, 
100 to 5 26. 

For geological purposes, the Texas Surve;; has divided 
the Tertiary deposits into five divisions, which may be 
briefly described, in ascending order, as follows: 

First: The basal l~ecls or \i7ills Yojnt clays-This is a 
series of blue, bluish gray, yellow and brownisli yellow 
clays, and gray, yellow and brorvn sands. These cl,bj s 
contain numeroas sinall nodules of calcareous matel*iai, 
and crystals of selenite also occur in places. They also 
appear as fossiliferous in plac~s.  Boulders of fossiliferons 
limestones, with veins of calcite through them, occur 
scattered throughout the beds, although the heariest 
proportion belong to t l ~ e  ycllow sand divisio,l-and 
occasional irregular deposits of heavy bcclded white and 
grayish white highly foswliferous limestollea form a por- 
tion of these basal beds. These deposits lie iulmedi:~tely 
upon the marly deposits of the &'pper Cretaceous, and 
may be said to have been deposited in small bay 11L-e in- 
cleatstions along the C~etaceous shore line, OY probably 
have suffered e~tensive erosion, as they now occur only as 
isolated patches in a few places along the Cretztceous 
border. 

Second: The lignitic beds.-These depositr form $!la 
lowest portion of Dr. Pel~rose's Timber Belt beds ant1 
comprise a series of blue, brown, yellow, xvhite and gray 
clays and sands, with eateilsive deposits of bronn coal 
and lignite. The clays occur as thinly laminated, or strati- 
fied and massive, soilletimes nearly free from sand; hut 
the greater portion occurs as saudy or ~nicaceous clays 
Near the base these deposits consist of blue sands and 
clays, with occasional beds of gray and pinkish white or 
gray clays and thin deposits of brown sandstones. ilt the 
top they become a series of thinly laminated and thinly- 
stratified recl ancl white sands and clays, the iarnilz~ oi* 
strata usually llot exceeding to % inch in thickness, 
although the white-clay strata occasionally form beds 
from four to six feet in thickness. These, however, are 
very irregular, and when such a thickness of cla,y occurs 
it generally forms a pocket-like deposit extending over 
bu t  a snlall area The intermediate beds may be said to 
be blue ancl dark gray sands, clays and lignites-the lig-
nites often attaining a thickness of from six to sixteen, 
and even more, feet. These l~gni te  beds are probably the 
most extensively developed Tertiary deposits within that 
portion of the coastal plain in the Stads. Nor are they 
confizled to Texas alone, but  occur farther east in both 

Arkansas and Louisiana. I n  the northeastern portion of 
the S'cate they have a known thiclrness of L,(iOO feet, wells 
borecl in th2t region from 800 to 1,000 feet, ha.-ing failed 
to pierce them; and at  &Iirmeola, ill :Toodl County, the base 
of t!lesu beds was not reached in a \veil 1,200 feet in 
depth. These beds contaiil vast deposits of c l ~ y s  of all 
sorts, iuclu~ling plastic potters' clay and refractory clnys 
sllo.;riilg an analysis ec;i.la,l to the best Stourb~idge, as well 
as clays suitable for t2ie manufacture of the finest grades 
of porcelain. 

Third: The Marine beds.-8ucceediag the lignitic 
bsds and overlying t!iem in direct continuity comes a 
sei.iss of sariis, clays :tud irori. ores, the greater portion of 
\-il~iclr is lligilly fossiliferoua, collta,ining in many places 
an abundalit mariuo fauna. These beds have an aggre-
gate thickness of over 600 feet. =I'oundant cleposits of 
limonite and greensand nlarls occur throughout them, 
but the clays are gencxally poor and wiry irregularly de- 
posited. 

F o n ~ t h :  The Tegua beds.--Tile fourth great division 
has been calleil the '6Yegua clnys" i'roru their development 
on the river of that name. These cli~gs folanl tile base of Dr. 
Penrose's Fayette Mecls, and the division corrlpi.ises a 
series of tlarli blue a112 gray clays and brown and gray 
sands and sandy clays, with g~ei.,t quantities of selenite in 
cqsta is  fro-rii nearly six inclles in 1eugLh down to sizes 
almost lalici,oscopic. The water found in t'hese beds is 
strongly saline, and in many porti.on:a of tlie area under- 
laid !by tllem, especially where the dark blue clays ap- 
proach the snrface, tlie gray overlying sands show patches 
of saline effiorescenee. AIany of the gray clays belonging 
to t'iiij: scu,ies co-xtnllz leaves and stems of plants, a n d '  
llenvy depoaiis of ligniles also occur at  lnauy places 
within the same area. 

Fit'kh: The Fayette Sands.-This division Bas been 
called tile Fayette Sa~i(!s chiefly on accouilt of its being 
r~lncle up largely of gray srtilds aiid sandstones, although, 
bo;vever, it contains lnslly deposits of very fino white and 
gray clags, many of whicli ~vlleii rnilsl~ed showing decided 
lraolinitic conditions. 'i'i~ese deposits are also rnore or 
less fossiliferous, showing at places a scnutp m:?,rine fauna 
of the Eocene series, aild closely connecti:lg them with 
the yellow auil brown sands of the marine beds already 
referred to i n  t!le smds  belonging to tihis division great 
qi~antitiesof beei~tifully opaiized v,~oocl occur. Beds of a 
very Gr~eirh; to siiicio~rs earih or sinter occur at  several 
places ivitilirl tl:is area, and the enorrnc~us quantities of 
gray saudstone use2 at  Gnlrsston and Snbine Pass for 
jetty pnrposes are obtained froin these beds. Many of 
tlle clays nud coarse #andstones belonging to the upper 
porhiou of tlie Bayet,te beds are highly calcareous, and in 
places sbovv s ~ n ~ i i lquantities of well-worn Cretaceous 
shells. 

Ove1.1ying the Fayette sands tl- ere appears 5% series of 
heavy-bedded, blue, red, green nnd yellow and solvetimes 
white clays, with brown and grayish white sands contain- 
ing small patches of pink clay. These are pretty generally 
ascribe(? to the Tertiary age, but their exact position is as 
yet a matter of doubt. The blue clays coi1t:~ill an abund- 
ance of calcaxeous nodules scattered throughout them, 
although these ~loclules appear to he wanting in the inl- 
mediately unilerlying red clays, and are not very plentiful 
in the ovt:rlying yellow and green deposits. These de-
posits have not yet received a specific name. They have 
been describe?: in the Tliircl Anntlal Report of the Snrvey 
under the title of the Fleming beds, Since then, how- 
ever, more extended research :has been made in these 
beds in southwestern Texas, and 3Tr. D ~ m b l e  proposes 
to assign to the whole division the name of "Frio Clays. " 

The last division of our clay deposits is known as the 
Coastal Clays. Thase occupy an area of from 75 to 100 
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miles in width along the coast, and comprise a series of ing the marine stage of these deposits will require to be 
1,ltze, brown, yellow and variously colored clays, many of accounted for. 

It appears to me that the most probable immediatewhich are highly calcareous. 
JVith probably the exception of the basal bcds, ~vhich, 

as has already been stated, appear to be sounewhat irrogu- 
larly distributed along t,he contact between the Tertiary 
and the underlying Cretaceous, the -,vllole of these depos- 
its may be consiclereil as lgiag in a series of irregular 
belts roughly parailel to the present coastal line, while a 
section drawn across them almost anywhere would show 
each to have an abrupt exposure towards Llie nort,il\~rest. 
I n  other words, while the dip is approsinlately southeast, 
the northwestern edge appears usually as an escarlslllent 
showing the broken ends of the beds, and in places these 
esearpnrents have deflected the co~lrses of ierernl of the 
rivers cros~ing the Tertiary area. These rivers also appear 
to be wol-king southward, showing high steep blui'fs along 
their southern sides, while broad flat bottom lands appear 
along their northern banks. Such also appears to be the 
course of operations with all the larger strenms ru.nning 
in an easterly or westerly direction. 

A peculiarity noticeable among the lower divisions of 
these deposits is a flexing or bending of the beds, begin- 
niug in the lignitic, and, so far as at  present linown, 
reaching the culminating point towards tlle top of the 
marine beds. This flexing has resulted in making' lnlLuy 
of the higher hills hills of erosion i ~ a d  the tops portions 
of the synclines. 

sources of the materials entering into the composit'ion of 
these Tertiary deposits are the underlying cretaceous beds 
for the lowermost, or basal Tertiary, and a partial rework- 
ing of the oider Tt:rtiary with the cretaceous materials for 
the upper or newer deposits. These cretaceous marls and 
marly clays correspond very closely to the Tertiary depos- 
its, as mill be seen from the following analyses: 

I. 11. 111. 
Av. of  gq Ter- Av. of 8 Cre-

tiary Analyses. taceocs Analyses. 
Silica, 
Al~lmilla,

E::;, -
J I ~ 
Potash, 
Socla, 

65.63 
- 14.84 

4.83 

~1 ~ ~ ~ ~0.303'19 ~ 
1.03 
2.65 -

31.67 59.34 
9.92 18.59 
3.36 6.30 

26 68 3.19 
,Trace Trace 

0.73 1.37 
2.72 5.0120.9j --
1.04 5.67 
2.97 .57 

IOO .04 100.04 

~ ~ ~ $ $ ~ c ~ ~ $ i ,  0.57jvateralld loss, - 7.11 

100.15 
The third colulnn shows the average of the Cretaceous 

analyses re-calculated without the carbonate of lime and 
carbonic acid an(l omitting a, portion of the sulphuric 
acid, ~vhich would undoubtedly be lost during the course 
of erosioll and depos:ition, and which we might expect to 
find farther to the south among the more r e c e ~ tof the 

From this brief outline i t  will be seen that the glne:&ter Tertiary deposits as TVell as in the coastal clays, The per- 
portion of the Tertiary areas is made up of extensive beds 
of clays and sands. 

The analyses of these clays made by "the digereut clrern- 
ists of the Geological Survey show them to have the 
peculiarity of having the proportions of the al11alies ]lot- 
ash and soda reversed. I n  the greater number of clay 
analyses which I have had occasion to refer to, the pro- 
portion or percentage of potash exceeds that of the soda. 
In  the Tertiary clays of Texas the proportio~ls of soda es- 
ceed the potash as 3.19 of soda to 1.1.8 of potash. These 
proportions vary in the different stages, as will be seen in 
the following: 

Potasll. 
I. Basal beds, - 1.53 ::::2. Lignitic beds, - 1.35 
3. hIa~.ine beds, - 0.91 2.32 
4. Yegua beds, - 1.07 2.33 
5. Fayette beds, - - 0.67 1.93 
6. 1:lealing (Freo) beds, no analyses liiatle. 
7. Coastal clays, - 1.56 5.52 

From this i t  will be seen that there is a gradual decline 
of the two alkalies as me ascend until the coastal clays are 
reached, when the soda shows a sudden increase over the 
basal beds almost equal to the sum of the losses it sns-
tains in the other members of the series, while its actual 
increase over the Bayette beds amounts to 3.55. The pot- 
ash also shows an increase in these beds over the basal 
clays of only 0.03, and over the Payette beds of 0.88, or 
about equal to the sum of the losses sustained in its 
course through the deposits from the lignitic to the Fag- 
ette. 

The question of the origin of these clars involves the 
existence of an extensive land area of deposits in which 
the alkalies mere strongly represented, and, assu1nin.q the 
solubility of the two to be approximately similar (as a 
matter of fact the potash is slightly more soluble), one in 
which the soda was considerably more abundant than the 
~ o t a s h .  Again, throughout the deposits and interbedded 
with the clays we have heavy beds of sand, many of them 
almost pure quartz, and the greater portion of the  clays 
themselves are highly silicious. I n  addition, the immense 
deposits of limonite found interstratified with and cover- 

centages of lime and sulphuric acicl shown in this andy- 
sis are tile avera,:.es shown in the Tertiary deposits. The 
course of the lime through the differellt sets of beds 
appears to be thLas: 

Basal heds, 2.05 
1,ignitic beds, 0.77 
31arine beds, 1.97 
Yegun beds, 0.43 
Fayelte beds, 10.75 

Many of these Fayette clays contain as high as 24.42 
pel: cent of lime and 18.91 per cent of carbonic acid. 
Among the sandstoiles belonging to the upper division 
there are many beds which might be classified as calcare- 
ous sandstoaes, some of them containing enough lime to 
have made i t  profitable a t  one time to use them as a 
source of lime for building purposes. Their derivation 
from Cretaceous deposits is also indicated by the exist- 
ence of numerous water-worn Cretaceous shells. 

The coastal clays contain immense quantities of lime a t  
different points, and nothing short of an immense number 
of analyses could give us anything like a fair average. 
They have not been included in any of the above analy- 
ses. 

The basal beds of the Tertiary so strofigly resemble the 
upper alld corltiguous beds of the Cretaceous in lithologi- 
cai as well as chemical structure that i t  is very difficult to  
tell them apart, and in many portions nothing but  a 
study of the fauna mili enable anyone to differentiate the 
two, and in many places the Tertiary beds contain boul- 
ders and fragments of Cretaceous limestones containing 
Cretaceous fossils. 

It mould thus appear that the structural conditions of 
the &,sal beds and the Fayette deposits, apart from any 
chemical evidence whatever, bears out the assumption of 
these two divisions being derived from the Cretaceous. If 
~ v eaccept Dr. Penrose's theory that the iron ores and 
glauconite of the marine beds are largely due to the de- 
stluction of the upper glauoonitic division or the green- 
sand of the Cretaceous, and in this theory, from a long 
period of work among these beds, I am inclined to believe 
for several reasons-one of which being the close affinity 
ohemically and otherwise of these beds. Then that will in 
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a great measure dispose of the origin of the middle great 
division. 

Now whether the great series of deposits immediately 
overlying the marine beds-the Yegna clays-haue been 
altogether derived from the erosion and consequent du-
struction of the marine beds is not very clear. That a 
portion of the materials composing these clays was so 
derived there can be no doubt. The line of contact be- 
tween the two is very irregular in more than one place, 
showing long troughs or valleys of erosion in the older 
beds, and now filled u p  by the clays and sands of the 
newer. At other places this outline shows the esistence 
of comparatively bold head-lands, from which no doubt 
the waters of Yegua time abstracted a considerable quan- 
tity of material. The presence of extensive deposits of 
lignites in these beds would appear to indicate smother 
source of material having a swamp or lagoon origin, and 
some of it may have been obtained from the rivers travers- 
ing the region. Some of the materials employed in the 
formation of these beds may also have been derived from 
the sea water occupying the area during the period of 
deposition. 

The last division, or more properly speaking, the sec-
ond division-the lignitic beds-presents somewhat dif- 
ferent features from any of the others. So far as it con- 
tains immense deposits of lignite and small beds of sand 
carrying crystals of selenite, i t  resembles the Yegua clays, 
but with that its resemblance ceases. The beds helong- 
ing to this division overlie the basal deposits, which in 
many places they overlap so con~pletely as to obscure 
them altogether, and in others lie in direct contact mith 
the Cretaceous deposits. Throughout the whole of the 
immense thickness and extent of these beds, with the ex- 
ception of a few fragmentary plant remains, some of them 
belonging to the sahal family, not a single fossil is known 
from this division. Evidently the conditions were not 
favorable to animal life. 

These beds apparently represent a period when the 
whole coast mas made up of swamps, lagoons and bayous, 
very similar to some portions of the gulf coast of the 
present day, or what may be seen in the broad stretches 
of overflow or "bottom" land found along almost every 
one of our rivers. A rallk vegetation grew on the marshy 
portions, and the rivers of the time having no fixed chan- 
nels, distributed their waters throughout the lagoons and 
bayous and into them, and over the low islands carried 
their burdens of debris during periods of flood. 95th 
this debris came soft clay, sand, branches, limbs and 
trunks of large trees, all of which went to swell the 
accumulations already gathering and aid in the formation 
or the lignites and their associated beds of clay and sand. 
I n  the meantime the coast was slowly sinking and the 
encroaching water eating away the basal clays and 
the Cretaceous deposits within reach. 

The lithological structure of these deposits accord with 
these conditions. Everywhere the deposits are irregular 
in  deposition, variable in texture, changing from fine-
grained, dense, muddy, to coarse-grained, sandy material 
within short distances. Many of the beds contain great 
quantities of iron pyrites, a common characteristic of the 
UreCaceous greensand marla. I n  composition these lig- 
nitic beds closely resemble these niarls. 

IV.  V. 

Silica. - - -

Av. of 38 analy-
ses 1.f l i~ t l i t ic  

clays. 
- 69.S3 

Cretaceous 
greensand

marls. 
60.Sz 

Alumina, 
Iron, -

-
-

- -
-

-
-

16.93 
3.60 

16.05 
5.25 

Lime, - - - - 0.77 3.66 
Magnesia, - - - - 0.35 
Potash,  
Soda, 

-
-

-
-

-
-

-
-

1.35 
3.42 

1 . 7 5  
2.91 

Suiphuric acid. - - 0. 2 2  I .  00 
Carbonic acid, - - - 2.85 
Il7:~tcra1113lo^:;, - - - 4.20 5.53 

-
roo 70 00 9 J 

Fro111 this, then, it would appear that ~ ~ h i l e  the greater 
portions of these clays and sands are derived from Creta- 
ceous materials, these have been mised with a slnall quan- 
tity of ingredients b e l o n g i ~ g  to some of the older forma- 
tions t l~rough which the larger rirers ran; but  the propor- 
lions of these older materials were so small as not to 
visibly affect the deposlts as a whole. 

Mention has been made of 41ie syenitic rocks of Arkan-
sas and the basaltic outbreaks extending through the 
Texas Cretaceous area as forming the source of some of 
the materials found in the clays. These 1 do not think 
can have contribubed any of the materials required. No 
very decided evidence of the age of these rocks has been 
given, but the general opinion as stated by Branner and 
Williams appears to be that the age of the Arkansas rocks 
is ether late Cretaceous or early Tertiary, and certainly 
not newer than this time. According to Hill, Pilot Knob 
belongs to the upper CreCaceous and the latter half of 
Austin Chalk sub-epoch. If these ages are accepted, 
then certainly the rocks in question had nothing to do 
mith the formation of the Texas Tertiary clays. 

KARYUI<INESIS I X  EAIBIIYOS O F  T H E  DOM-

ESTIC C14T.-PRELIMINARY NOTICE. 

I:',' F ' I I A K I i  S. A E Y ,  I-IISTOI,OGICAI, L A B O R A T O K Y ,  STATE U N I -

Ir; all sections of various enlbryo kittens that have 
been examined by the ~vriter,  up to those of embryos 
seventeen millimetres in length, lraryokinetic figures 
are by no means an occasional or a rare occurrence, but 
are to be found in many situatiolls. 

In the preparation of these sections, no special cyto- 
logical methods were employed, as the subject of in-
vestigation was the development of the central nervous 
system of the cat. The embryos were hardened in 
increasitlg strengths of alcohol, with no precautions 
r,~llatever with regard to fixation. After remaining in 
9.5 per cent alcohol for a number of months the embsyos 
were imbedded in celloidin and sectioned. The sections 
were then stained in Grenacher's haematoxylin and 
~liounted in Canada balsam. 

The resting nuclei are spheroidal occasionally, but 
the more ns~.zal form is that of an elongated oval. Occa-
sionally very pkculiar, irregular nuclei are found, and 
one was seen whose length was three times its width, 
v,~ithout the aggregation of chromatin to be clescribed 
later, but wit11 a clearly masked reticulum and nuclcar 
membrane. Usually the nuclear membrane is not 
shrivelled or wrinkled in hardening, but is plump and 
distinct, clear cut on its outer line, and in almost all 
cases has taken a deep stain. 

The chromatin in these resting nuclci is disposed in a 
reticulum that strongly retriinds one of the bridles seen 
in plant cells. This reticulum is clearly continuous 
with the nuclear membrane, as may be seen in very 
nunlerous instances, the point of union of a strand ancl 
the nuclear membrane presenting a well-defined en- 
largement of the strand.. In some nuclci which happen 
to lie in the proper position several of these points of 
union in a single nucleus appear in  the same plane, 
giving the nuclear membrane the appearance of being 
toothed. 


