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THE CARSON-CITY ICHNOLITES. 

TIIE fossil footprints upon the layers of 
sandstone in the qualry a t  Calson City, in  the 
s tate  of h-euada, have excited much interest 
and  cliscossion, not only by reason of the  num- 
ber ancl grouping of an in~a ls  repiesentecl, but  
especially becftuse some of the traclrs have a 
rough resemblance t o  such footprints as  a man 
of great  size might make in walking n11on soft 
mucl. Elaborate reports and memoirs have 
already appeared,l regarding these traclrs ; and 
i n  California and Nevada there has been, ftild 
continues to  be, a great difference of opinion a s  
t o  the origin of the traclis which resernble the 
imprints of human feet. These tracks occur 
i n  a light, gray-colored, coarse sandstone for- 
mation, of the mamnialian age of the teitiary, 
lying in nearly horizontal beds, with thin part- 
ings or layers of clay a t  intervals. T h e  sec-
tion a t  one point directly above one of the 
series of tracks is  a s  follows : -

Sandy clay . . . . . . . . 18 inches. 
Bantlslone . . . . . . . . 4 feet. 
Clng . . . . . . . . . . inch. 
Sandstone . . . . . . . . 16 ff,el. 
Pitie clay . . . . . . 2 feet 2 inches. 
Coarse sa l tds to~~e . . . . . 10 " 

Sandy clay, wi th  tracks . 3 " 
Sand\tone . . . . . . i 6  to 24 " 
Clay layer, with tracks . I to 2 " 
Sa~~ds tone  feet.below the quarry floor, 38 

T h e  tracks represent a t  least ten different 
animals, a s  follows : Elepllas, o r  tlie mam-
moth ; ell<, o r  American reindeer ; Bos, or 
buffalo ; horse ; wolf ; tiger ; peccary ; Mylo-
don,  or a giant sloth ; the  so-callecl ' IIomo 
Nevadeilsis ; ' birds. 

Boiies and teeth of the elephant and of the 
horse have also been founcl in the sandstoile 
beds above tlie ichnolites. There are also 
casts of shells of Anodoata, ancl an abundance 
of casts of reeds a11c1 aquatic plants, clirectly 
overlying the layers of silt or mud on  which 
the tracks are found. 

T h e  sequence of events is plainly recorded 
in these becls. The  floor of the quarry marks 
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tlie close of a peiiod of strong c ~ u r t n t s  of 
water, del~ositing sand. Aperiod of quiescence 
ensued, nit11 tlie del~osition of a fine clay or 
silt. This was cliaincd of water, ant1 became 
firm cnougli for animals t o  ma111 upon it  ailcl 
leave their tracks. 'This l q e r  is se1,alated 
from a seconci claj ey lager b-about eighteen 
inches of sand, marking a n  o ~ e l f l o w  and a 
second periotl of quiescelice ancl t l ~ j i u g - u p .  
T h e  traclis arc most nurnprous autl tiistinct 
upoil this second lager. In~nlctliatt~lyover it 
we find several inches in tl.iickneis of fine 
clnj ey secliinent, l~enetrated by aquatic piatlts, 
with the reiliains of fresh-water slirils, ii~tlicat- 
ing tile existellee of a shallow lalrc or lagoon 
for :Lconsiderable period. The  01erlj  ing coarse 
sandstones show the influx of strong c u ~ r e n t s ,  
bearing tile sand and, tlie loo~lcs of animals 
from some point beyond, and, higher than the 
traclii. 

I t  is prol?ablc that  these cleposits n ere fornled 
near the mouth of a comparatively large stream, 
siii~ject t o  floocls, anrl flowing into :i shallow 
la l~e .  Such conditions are  not unl~lze those 
.uve now fiilcl all along the eastern base of the  
Sierra N e ~ a c l a ,  wlicre mountain tor1 tants pour 
out irlto elevated vallej s nrithont outlet, and 
fort11 broad laltes, wliicl~ vary g r e a t l ~  111 their 
extent a t  different seasons of the J ear. Diir-
ing the season of the meltilly of tlie snows, 
tile lakes corer  a ~ n u c h  greater area than in 
the  d r r  season, when the rivers cease to  florv, 
and the lalte-water disappears by evaporation. 
Large areas of the sllores of such lakes then 
become exposetl, a ~ i d  are gradtially tlrietl. I f ,  
a s  i a  the case of the deposits uacler colisitlera- 
tion, the upper clayej sedimeuts are untlerlaicl 
by coarse saatlstone, the clay lay(>r is r:ti)iclly 
clriild by under-cl~aining, nut1 afortls a firm 
footing for anim:rls in search of water. Th is  
need of ~ ~ a t e r  number of may accoliilt for the 
a ~ ~ i i n a l smliich cronded together a t  tliis !)lace. 
I t  is possible, also, that  a warm spi iilg existed 
tlicre, a s  a t  tlie presei~t  time, drawing aliilnals 
tonard  it  f~oxn the iurrouilcling clese~ ts. 

T h e  snllclstone srirface is distinctly marked 
by raindrop pits ancl by ripple or n ave marks. 

Tracks of the ma~nmoth or elephant. 

These appear a s  a series of circular clepres- 
sions from three t o  s ix inc.hes in  ilepth, and  
averaging twenty inches in  dianietel.. T h e  
most important series is forty feet long, and 
has ten distinct footprints. Most of these 
liare ,z raised margin or  border of clay in 
ridges, due to  the great pressure and sqneezing 
of the clay. 
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The stride of the elephant which made the 
tracks here represented was about five feet 
eight inches, and the straddle three feet five 
inches, measuring from outside to outside. 

Tracks of man (so called), or mylodon (?) 

The long and curved tracks, which have 
excited the greatest degree of interest from 
their supposed human origin, extend in se~era l  

sions, although some of the tracks show a 
more abrupt depression a t  the supposed heel 
than a t  the other end. 

I n  order to explain the great size of the 
tracks on the theory of their human origin, 
and, further, to explain a peculiarity in the form 
of some of them, i t  has been asserted that 
sandals were worn. This peculiarity consists 
in a flat, tabular surface or border, extending, 
like a terrace, from an inch to two or three 

different directions, but generally in straight 
direct lines. The longest series has forty- 
four tracks, and is a hundred and twelve feet 
long. 

Another set of tracks is the most distinct 
of all, ancl is upon the upper layer of silt or 
clay, two feet above the general level of the 
quarry floor. A rubbing upon paper twenty- 
seven feet long, corers twelve tracks of this 
series, and shows the general form and the 
esact sequence and position of these tracks. 
The imprint on the paper being formed by 
rubbing with a graphite pad, it gives a more 
accuratc idea of the shape of the tracks than 
any drawing made with hard, sharp outlines; 
for none of the outlines are sharply marked, 
but the depression gradually shades off into 
the generally plane surface. For this reason 
i t  is not easy to state definitely the exact size 

inches wide along the inner margin of the 
track. This is thought by some to be the 
impress of the sandal. Tlie tracks having this 
peculiarity are shown of full size in figs. 1 to 
5, attached to the memoir of Dr. Hnrkness. 
While he is fully confident that these are the 
imprints of sandals, he points out a very sig- 
nificant fact, - L L  that the impression is upon 
the same plane in each of the diagrams, and 
that there is no indication of toe or pad or arch 
in any of them " (p. 7) .  

A critical examination of these tracks hav- 
ing the partial border of a flat surface, showed 
that this flat margin marks a parting or dirid- 
ing plane in the sediments along which the 
clay-like layers separated ; such portions, ap- 
parently, as were not crushed and broken 
through, being lifted off as the foot of the 
animal was raised and carried forward. 

lrlll11l1ll 
l u  fret. 

m G .  2.-TRACKS RESEMBLING THE IXPRINT O F  HUXAN FEET. 

(Fvom the plan by Gibbes.) 

of these tracks. They may be said to be 
generally from nineteen to twenty-one inches 
in length, and from six to nine inches in 
breadth. The form is curved, not greatly un- 
like the inner curve of the human foot. The 
amount of depression is irregular and trough- 
like, deepest a t  the centre, as if the greatest 
pressure was exerted there ; in this respect dif- 
fering decidedly from the impress of a human 
foot, being without the heel and toe depres- 

The fact that it occurs irregularly, sometimes 
on one side of the track for a short distance, 
and sometimes on the other, and irregularly a t  
the encl, and is sometimes entirely absent, goes 
to show that it was not produced by a flat, 
rigid surface. Besides, we cannot conceive 
of a flat sandal, such as would be required to  
make a p a t  imprint, permitting the central part 
of the track to be so greatly depressed. And 
in walking with sandals, the toe in leaving the 
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track, especially in a soft, muddy surface, tends 
to depress, and throw back the mud towards 
the centre of the track, whereas the conditions 
in these tracks are reversed. A longitudinal 
vertical section of one of these tracks would be 
nearly as in the diagram, the greatest depres- 
sion being in the middle. 

The breadth of the track-way, or straddle, is 
the next great objection to the theory of human 
origin. The whole breadth is from twenty- 
eight to thirty inches, whereas man requires, 
in walking, not over ten or twelve inches. I f  
we take the ordinary stride of a man six feet 
high at  twenty to twenty-four inches, the ratio 
of the breadth of space reqiiirecl in walking 
to this step is as ten or twelve to twenty 
or twenty-tbur. or 1 : 2 ; while in the tracks 
before us  the ratio is as twenty-eight to twenty- 
seven, the step, in fact, being less than the 
straddle. This alone is fatal to the bipedal 
theory, and in favor of the quadrupedal ; for 
upon the quadrupedal theory the length of step 
is fifty-six to sixty-two inches, and, the width 
being twenty-eight to thirty, the ratio of the 
width to the length is nearlj- as one to two. 

There are also evidences of a duplication of 
tracks made by the hind-feet overstepping the 
imprints of the fore-feet. This has been par- 
ticularly pointed out by Professor Davidson in 
his report. 

The tracks of this series all have the appear- 
ance of being made by an animal with short 
legs, for it is evident that there was a slid- 
ing in and out of the foot, particularly in the 
trough-shaped impressions of the lower horizon 
of clay. 

When first opened, these are always filled up 
with a compressed mass of clay and sand ; and 
sometimes traces of a coarse, sedgy grass or 
vegetation are found, as if it had been pressed 
down under the foot into the clay. 

The opinion of Professor Marsh, that these 
tracks were formed by one of the edentates, is 
best in accord with the phenomena, and appears 
the more reasonable when we give due weight 
to the fact that some of these animals are be- 
lieved to have walked partly upon the side of 
the foot and leg, thus carrying their great claws 
in such a way that they left no imprint. 

Elk ( ?) 

Of the supposed elk-tracks there are thirteen 
in sequence, each track from four to five inches 

long by three and one-half wide, average step 
eighty inches, and breadth of track thirteen 
inches. 

Deer. 
The series referred to the deer is twelve feet 

one inch in length, and includes ten tracks of 
an animal with a sharp-pointed hoof, triangular 
in form, measuring two inches by two and one- 
half inches. 

Birds. 

The bird-tracks are numerous, and are gen- 
erally about six inches in length and breadth, 
showing four toes, as in the figure. 

I t  is well to note that the intense interest 
attaching to the qnestion of the human origin 
of some of the tracks has greatly overshad- 
owed the importance, geologically, of the whole 
series and the lessons to be learned from them. 
There has not been such an important dis- 
covery of fossil tracks since the unearthing of 
the fossil footprints in thc sandstones of the 
Connecticut valley. These last were discov- 
ered in 1800, and served to stimulate and to 
foreshadow our knowledge of the forms of life 
between birds and lizards. The venerable Dr. 
I-Iitchcock, the author of ' Ichnology of New 
England,' in contemplating the evidencesof the 

so-called bird-tracks of the Connecticut valley, 
was led to exclaim, L b  Indeed, some of the 
tracks of these narrow-toed bipeds have such a 
resemblance to the feet of some lizard. that I 
anticipate the discovery of front teeth." 

He cites Owen as saying, before fossil foot- 
prints were known, that " a single foot-mark of 
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a cloven hoof indicates to  the observer the 
foriiis of the teeth, of all the big bones, thighs, 
shonlilers, and of the trunk of the body, of the 
aaimal which left the mark." l 

7V. P. BLAKE. 
Mill Rock. New Ilaven. 

THE VIRULENCE OF CULTITTATED 

AN TEillAX VIRUS. 


E x p m i m e ~ ~ t a lstudies on the artificial attenuation o f  the 
infeclious properties o f  17~e bacillz~s of  A n t l ~ r a z  by 
means of  cultiaation. By Dr. R. ICoca, Dr. 
GAFFIIY, and Dr. LOEFFLER. 

ili'ittheilz~~~gen qesundizeits-anzte.aus dem Kaiser l i che~~ 
Zzue i te~  band. Berlin, 1884. (hxtract from the 
pnblicatiol~ of the imperial board of health of 
Germany.) 

Pnsrcoa's an~louncement that  the parasites 
of malignant Anthrax were calsable of changing 
their characteristics ~ v h e n  cultiratecl under cer- 
tain conditions, alicl tliat when tlias modified 
they coalcl be used for protective inoculation, 
aroused the greatest interest among investiga- 
tors. Such a statement could not be accepted 
without coi~fi~niat ion a t  the hands of other 
observers; and none were better fitted for 
this task than the Royal health commission of 
Germanj-, a t  the  head of which stalids Dr .  
Robert Iioch. 

Tlie experiments, which mere instituted un-
der  his direction, have been carried on for two 
years, ancl liave slion,n, that ,  although the ba- 
cilli could be  rendered harmless, their protec- 
tive power was not so  great  a s  mas expected. 

T h e  origilial co~nrnunicatioii of the French 
suvant mas not exact  in  the details by which 
the  experiments were t o  be carried out,  arid 
Koch had t o  e m ~ l o y  rnucli time in preliminary 
studies. This  cannot, however, be considerecl 
a s  lost, since many valuable facts h a r e  bee11 
obtained by  it. 

Accorcling to Pasteur, if the cultiv a t' 1011s were 
kept  a t  a temperatare constantl- maintained 
betmeen 46"and 43" C.,the virulence gracln- 
ally decreased until the ninth day,  when i t  was 
entirely lost. By removing a s l~ec imei~  on any 
day,  ancl allowing it  to  germinate a t  a tempera- 
ture  of 37" C., i ts  activity a t  that  stage could be 
perpetuated, and thus any degree of virulence 
tliat was required could be preserrecl. Two 
such cnltures of different strength mere used 
for protective inoculation, tlie weaker of which 
was called tlie premier, and the stronger the 
dez~ziBn~evuccin. 

Koch commencecl his investigations in  the  
following way. A liiouse was irijectecl with 

Proc. am. assoc. ad.  sc., xiv. 146. 

blood contairlilig spores of tlie bacillus, which 
hacl been kept  five years, and was liiiown t o  
be  of great  virulence. 

T h e  aniinal n a s  killed a t  the end of tnrcntg- 
four hours, and a minute quantitj  of the spleen 
was talrell on tlie 11oi11t of a platinuln nretlle 
which liad been steiilizecl bj heat,  and soal l  i n  
a glass b111b containing twenty cubic centi-
metres of chicken-bouillon ne~~tral izet lwtth 
sodic carbonate. Tlie bulb was tile11 sealed, 
a1lc1 placed a t  once in  a constant-trml)e~,attire 
apparatus, which as kept  betitecn 46' and 
43" C. 

S:~mples were ta l ic~i  daily, and tested upon 
animals ; but, contrary to  the proii~isc~tl result, 
the growth mas fomid to be  ns cleadl~ for small 
aniul~alson the 11i1ltli 3s on the first day. Fur -
tlier cnltiratioa proved, however, that.  in a 
period varj  ing from eigliteen t o  t n  e~rty-nine 
days, tlie infectious property mas entirely lost, 
although tlie external ap1)earnace of the hacil- 
Ins mas nnalterecl. Tlllls far, Yasleur's asser-
tion w:ts substantiated, except in regard to  the 
length of time. A portion of this n a s  taken, 
and alloi~-ecl to grow a t  xi1 ordinar) tempera- 
ture for two years ; ancl cluling this tilnc there 
has been 110 e\iclellce of a return of ~ ~ r ~ ~ l e n c e ,  
no1 has the form changed. Tliese bacilli are  
as  ilnnlorable as  the active o n ~ s  ; t l lc i~ ends 
appear sharply tr~1ncatecl ; t l i r j ~  form long fila- 
ments, ill nrhich are developed ora l  glancing 
spores. Vaccination wit11 this entirc ly Inac- 
ti\.e forin did not give immunity against inocu- 
lation witli tlie virulent one. 

'I'hose of a slight degree of force mere next  
triecl. A t  the end of twenty-four d a j s  a cul-
ture  mas obtainecl ~vhich ~ o u l c l  kill mice, but  
not guinea-pigs or otlier small aniliinls, hut 
still did not reader them safe. Tliis pnrticular 
form ICocli spealts of as  ' mouse a n t l l r a ~ . '  

I t  v a s  thought that  perhaps this replesented 
the second and tlie inactive form, tlie first vac- 
cinatioii of Pasteur. Accordingly, a sheep 
nlas triecl, but it  succumbecl t o  tlie m a l i g ~ ~ a n t  
form as quiali-1y as ever. I t  was liest p~oposecl 
to  use three or  more ;preventive inoc~~la t ions  

ancl, ~ccorclingly, c i i l t ~ ~ r e s 
from the fifteenth d a y  
were talrea a s  the first, from the  eleventh as  the 
second, Sroni the n ~ n t l l  as  tlie t h i ~  el, and from 
the fifth as  the fourth, ancl tliese were follo~red 
by  tlie virulent form. Iri this manner seven 
sheep, seven rabbits, and eleven guinea-pigs 
were tried. A t  the end, all the i .al~I~its allel 
guinea-pigs, and five of the sheep, lincl dled. 

Iii order to  determine whether tliere might 
not be some other difference, specimens of the 
raccinutilig-material, a s  fnrnislied by Pasteur  
through his agent,  mere ljnrcllascd, and proved 


