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Tertiary 7~islorgof the Gmnd Caiion district. By
CLAREKCRE. UUTTON.(Monographs U.S. geo-
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THISmorli: is the second in numerical order, 
though the first in date of publication, of the 
monographs of the U. S. geological survey. 
I t  is not n geological repoit ill the generally 
acceptecl sense of the term, but deals strictly 
with the 13113 sical problems clisplayeci by the 
Grand Caiion district, and, as its title incli-
cates, principally with that part of its history 
embraced in tlie tertiary period, of whicah the 
clistinguishing feature in this region is clenucla- 
ti011 on a stupenclous scale. 

Tlle first geological exploration of the Grand 
Caiion of tlie Coloraclo is clue to Major Powell ; 
and for several years his name was closely asso- 
ciated with the progress of cliscovery in this 
fielcl. Fincling himself, however, unable to 
continue the work, i t  was clelegated to Capt. 
Datton, m11o had alreacly become familiar with 
some parts of the district ; and the present mon- 
ograph is tlie best possible evideilce that Major 
Powell has fouilcl no unworthy successor i11 his 
inrestigations. 

Capt. Dutton writes as one in love with his 
subject ; ancl it ~vonld indeecl be surprising if 
any geologist mho bas had the privilege of 
stadj  ing this region mere otherwise than en-
tliusiastic in regarcl to it. A large part of the 
western territory is such that the geologist who 
runs may read ; that eren fiom the windon7s 
of the lsilmay more facts may be gleaned in a 
day's journey than co~llcl be certainly arrived 
at  by months of study in a wooclecl country, 
or one mantled by the nolthern drift. I n  acl- 
clition to tllese advantages, common to ras t  
tracts, the Grand Cafion presents the most 
striking river-section in America, ailel pelhaps 
in the n,orlcl. I n  such a fielcl a mole complete 
knowledge of the problem is possible, and a 
closer ancl more logical metllocl in its treatinent 
admissible, than elsewhere, - circumstances 
fully ta1i:en advantage of in the present ieport. 

The high plateaus of sonthern Utnll descencl 
to the sonth in :i sncccssion of gigantic ter- 
races, coinposed in succession of thc eocene, 
cretaceous, triassic, and l'ermian fon~iations, 
till the summit of the carboniferous is eventn- 
ally reacllecl. This forms a wide platform, with 
some apl3roach to regularity of surface, but 
drops at  length in an escarpment of great cliffs 
to the desert ancl sierra regions of the farther 
south ancl west. The terrace country has a 

wiclth of from thirty to forty miles, with a 
length of about one hunclrecl, ancl forms, as it 
were, a giant stairnay, leading clown from the 
high plateaus, with an elrration of over ten 
tllonsancl feet, to tile carboniferous platform, 
five tl~ousancl feet or more lower. The whole 
rocli: series has a l3reponclerant northwarel clip of 
an extremely r ~ g u l a r  character, wliich selcloin 
exceeds two clegrees, anci is generally less than 
one clegree, in amount. The carboniferons sur- 
face presents :L corresponcling light slope from 
south to north ; ancl tlie strata are trarersccl by n 
series of faolts ailcl congenetic moi~oclil~al fles-
ures, running in north ancl soat11 courses, but 
sliowiilg a convexity towaid the west. These 
define the several illinor plateaus which diver- 
sify the surface ; but the region, as a n~liole, is 
characterizecl by the proximate liorizontnlity 
and unclisturbecl conelition of its roclrs, anel is 
in marked contrast to the turmoil of flexecl 
beds found in tlie adjacent sierra countrr. 
Across the carboniferous platform, in a gen- 
eral sonth-westward course, the great cafion 
has been cot, -a vast chasir~, with a total length 
of about two h~~nclrecl miles, a depth of from five 
thousand to six thousand feet, ancl a width of 
from five to t \~e lve  miles. 

The history of the caiion district, from the 
later paleozoic to the present day, is naturally 
divided into two wiclely contrastecl periocls ; the 
first extencling frorn early carboniferous time 
into the eocene, having been one of steaciy, 
conformable deposition, bed succeecling becl, 
till a thickness of about fourteen tl~onsancl feet 
mas accnmulatecl. To this succeeclecl a peiiocl 
of continuous erosion, during wl~ich an arerage 
tllicliness of ten thousancl feet of the strata was 
removed from a large part of the surface. 

Though rattier heterogeneous in character 
as coinparecl among thcinsel~es, the becls of the 
Grancl Caiioil region in general closely resem- 
ble those representing the same horizons in 
other parts of the west. Tlie arcliaean ancl 
other basal rocks, not throwing ally light in the 
physical problem proposeel ill the n~onograpll, 
are merely inentionecl. Tlle carboniferous, 
broadly 7 iewecl, nlay be characterizecl as chiefly 
linlestone ; aacl the coi~clitioas of a soinewliat 
cleep sea at  thc time of its fornlation are im- 
pliccl. The Permian ancl tiinssic are mainly 
reprcsentecl by sanclstones, n~hicli frequently 
clisplay cross-beclding, ancl denote that the 
water at  the time of their deposition mas con- 
tinuously shallovr~. I n  the cret~ceous,  argilla- 
ceous and marly roclts hecorne more abunclant ; 
ancl the occurrence of coals and carboi~aceous 
layers throughout, shows that portions of the 
region becanle land-surfaces frorn time to time. 
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This period closed amid important disturbances ; 
as, in neighboring districts, the succeeding beds 
are occasionally found to rest directly on the 
Jara-trias, or basset edges of the cretaceous. 
As a result of thcse movements, a great eocene 
lake was formed, which appears to have been 
not far abore the sca-level, and to hare out- 
flowed southward. The change from salt to 
fresh water conditions is quite sudden. During 
the eocene period this lake gradually shrank 
back, and finally disappeared to the north, 
near the base of the Uinta Mountains, where 
alone the later eocene deposits are found. 

The author finds a little difficulty in explain- 
ing the great horizontal similarity in character 
of the materials laid down during the later 
periods in a wide expanse of water so persist- 
ently shallow. It is suggested, however, that 
the very shallowness of the sea or lake may, 
by insuring a constant sectional area, have re- 
sulted in maintaining the velocity, and conse-
quent transporting-power, of any currents which 
existed. The continuance of shallow-water 
conditions also proves that the profound snb- 
sidence required by the volume of the sedi-
ments was not acquired suddenly, but that the 
two increased pari passu. 

With the eocene the immensely prolonged 
period of subsidence came to an end, and ele- 
vation -shown to have been somewhat spas- 
modic -and consequent erosion began. I t  
is found by reducing the faults and flexures 
of the region, and taking into consideration 
the thickness of the beds, that a t  this time the 
carboniferous must have lain over considera-
ble areas, at  a depth of from ten thousand to 
twelve thousand feet below the level of the sea ; 
and it is interesting to remark in passing, that 
no great degree of alteration appears to have 
resulted from this deep burial in the eaTth's 
crust. The present altitudes of the plateaus 
mark the difference between the amount of the 
succeeding uplift and that of denudation ; and 
i t  is shown that the total ~novement in elera- 
tion has been in different places from twelve 
thousand to eighteen thousand feet. 

The ' great erosion,' as Capt. Dutton names 
the second period of the history, began at the 
time of the drainage of the eocene lake, of 
which there is good reason to believe the 
Colorado still marks the position of the deep- 
est portion. The immutable permanence in 
position of the channels of the Colorado and 
its main tribntaries, ancl the fact that they 
have been able thus to maintain thcir original 
courses in opposition to the superimposed north- 
ward clip of the beds, is one of the most strilc- 
ing facts brought out in the study of this 

district. being, ill fact, that whicli has been most 
influential in impressing it with its peculiar 
features. In  the latter part of the eocene, and 
in the miocene, great progress was doubtless 
made in the removal of the mesozoic strata. 
The process of elevation continued, and rapid 
corrasion by numerous streams made steady 
progress ; the Colorado, a t  this time, probQb1j- 
flowing in a caiion walled by these mesozoic 
formations, the escarpments of which have now 
retreated to the terrace district, fifty miles or 
more to the northward. Through all this lapse 
of time we arc, however, without any very 
precise data as to the progress of the erosion ; 
and it is not till a date approximately referred 
to the close of the miocene that any measure 
of the waste accomplished can be arrived at. 
The elevation of the district was then for a 
time arrested ; and the streams reached what 
the author, following Major Powell, calls a 

base level of erosion,' in which, with the pro- 
duction of a uniform light gradient, the wear 
of their channels clased, and denudation acted 
only in reducing the probably rough and 
irregular features of the neighboring countrj- 
to an approximate level. The Permian strata 
apparently a t  this time constituted the actual 
surface. 

About the time a t  which the Colorado began 
to cut into the carboniferous rocks, a climatic 
change occurred, which resulted in producing 
very arid conditions, and dried up the smaller 
streams to their sources. This, from what is 
elsewhere known of the western tertiary, is 
presumed, with great probability, to be syn- 
chronous with the close of the miocene and 
beginning of the pliocene. Nearly contem- 
poraneous with these events was an uplift of 
two thousand to three thousand feet, and the 
outpouring of the earlier basalts, which, form- 
ing protective cappings, have preserved por- 
tions of the Permian surface above alluded to. 
The great faults, also, about this epoch first 
betray their existence ;though it is by no means 
certain t l~a t  all were then formed, and the evi- 
dence is clear that their throw subsecluently 
continued to increase gradually. Corrasion, 
or the wear by the rivers of these beds, now 
again became active, but only in the case of 
the larger streams, which, by reason of their 
origin in high, well-watered nplands beyond the 
caiion district, had been enabled to survive. 
A base level was soon again reached : and the 
Color~tclo remained during the greater part of 
the pliocene a t  the lcvcl of what Capt. Diitton 
calls the esplanade, or wide upper valley of 
the present caiion ; which valley continued to 
increase laterally, but not in deljth, till the 





Gnal paroxysm of upllenval set ill, proclucing : I  
further rise of fioln three tllousancl to four 
ihonsand feet. The faults, wllicli are strictly 
correlated with the varying uplifts of the several 
minor plateaus, again increased their tlisplace- 
rnent ; and at  tlie same time, or shortly after- 
ward, the volca~iic fbrces resumed their activity, 
producing cones of eruption which still display 
their characteristic form. These, ancl the 
lams ernptecl from them, aftbrcl evidence, that, 
though the cafion had at  tlie time a coi~siderahle 
depth, the greater part of its excavation still 
remained to be nffectetl l)jr that last great effort 
of corrasi~ e actioil u;hich lias only lately corne 
to ail end. 

I t  is believeil that tile elevation of the plateau 
3.egion has now ceased, and that the rivers hare 
again nearly reached a base level of erosion. 
home, at least, of the faults cut the older ba- 
salts ; bat iio evide~lce has been found, vrhere 
the neT\.ei. lav:ls cross them, of any renened 
movernerit. Tlie glacial period passed o ~ c r  
this regioli ~vithout leaving any traces of ice- 
action, ~rianifestin,: its occm'rence merely as a 
pin\ ial episode, very brief in comparison Tit11 
the &ages of the great e~osion,  but of which 
some efrects may n e ~  ertlieless be traced. 

Sac11 is a \ crJ- brief and necessa~ily imperfect 
outline of the train of leasoiling in TI llich the 
nnthor follons out the exceptional procciscs 
which hare acted in the Gralid Caiion district, 
:ind ereiituated in produc'ing its present i*eiriarli- 
able features. Very few of the coiiclusions 
arri~ecl at  are open to any question; and, 
though it has been for so short a time lcnowu to 
hcience. it i na j  be considered as one of the 
most fully thought out of geological problems. 
.2mong the collateral facts illustrated in this 
region are several, ~ h i c h ,  from their appar-
ently anomalous character, are of special in- 
terest to the st~tdeilt of dyilainical geology. 
hnch is the want of coincitleiice bet~veen the 
great faults and points of volcanic eruption, 
the bending-dozon of the strata along the 
dropped sides of the faults, the connection of 
the latter with the peculiar rnonoclinal flexures, 
the not uncornmoil reversal in direction of 
throw in the o1)posite ends of a single f:talt, 
and tlie remarkable obser.iation that the gen- 
eral lighkdip of the strata is increased notably 
:tt the bases of tlie terraces. The last-named 
circumstance the author i~ disposed to connect. 
though cloubtf~~lly, with tile theory of plastic 
equilibrium in the ealth's crust, - a t11eol-y 
which we believe few geologibts .r\.ill be rendy 
to follow so far. 

A notice of this monograph n o~ild be incom- 
plete nithout sl~ecixl reference to the accom-

panying atlas, containil~g geological lllays a~tcl 
pa~~oralnic The latter, ~ i e w s  of the clistrict. 
together mith a number of illustrations in the 
voluille itself, are frorn the pencil of Mr. ITT.  
13. Ilolmes, nlld convey a better idea of tlie 
proportions and intricacy of the physical fea- 
tnrcs than cot~ltl be accomplished by any word- 
p:iinting, homevcr elaborate. 

IS the character of the critic rilust be main- 
tailled in reviewing this work, whicll in its 
main features deina~lds our praise alone, it 
may be suggested that the effilsive ' s t ~ l e  
adok~tcd in soirie of the c11ayte1.s is scarcely in 
lieepi~lg mill1 the illcomparable dignity of the 
sul?ject, R I I C ~is not l i l ic l~  to appeal to the 
speci:tlists for ~110111 this class of publication 
is inte~lcled. 

- -.---- -

THE BACILLUS OF BERIBERI. 
Etioloqiii e r j o z e s i s  do beriberi. Pelo Dr. J. B. DI: 

T,ac1i1:n4. l t io tle Janeiro, Fciro & Lino, 1884. 
G8 I)., ~llustr. 8 O .  

Trr~spamphlet g i ~  cs the resrilts of a medico- 
ljiological study, carrictl on in tlie pliysiologi- 
cal laboratory of the Sation:ll Illuseurn of IZio 
ile Janeiro, on a T-erj obscnie disease, which. 
introiluced many j e ~ r s  ago in Brazil from 
India, carries ofr annually a large number of 
victims, particuli~rly in the 1101tllcrn pro\ i~ices 
of the empire. 

Employing the nlethocl of Pasteur, and in-
troducing bloocl of beriberi patients in meat- 
solution, Dr. Lacerda obtainecl in ~lumerous 
experiments a rnicrophjte similar ill form to 
the bacillus of carbuncle. This organism, 
\vhich reproduces itself by segineiltation and 
by spores, was also foru~d in the fresh urine 
and bloocl of beriberi patients, the spores being 
a t  times extremely abundant in the bloocl. On 
inal<ing subcutaneous injections of the liquid 
in which the organisms were cultivated, in rab- 
bits :iild guinea-pigs, these animals Tere found 
to succumb in periods of from five to twenty 
days, some of tlie~n presenting a true paralysis 
of the posterior meinbers ; others, a notable 
wealiening of these members, nritll difficulty of 
locomotion, alld loss of cutaneous sensiliility. 
Death in many cases was cansed by s i a ,  
the 13araljsis having extended to t112 antel.ioiS 
members. The cultivated bloocl of thesc :mi-
nials reproduced the same microphj teb that JtaA 
been obtained from the blood or be~.il~cri ltn-
tients. Thc ~nicroscopic cxamr~rntio~l of tlic 
spinal medalla and of the musoics t ' J 3  e'tled thc 
presel~ce of the n~icrophjte :~ntl of its 91joros. 
their abundance in thc mcdlilli~ i)cii-ig cs,ljt.c~:il- 
I F  reinarknblc. 
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