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most stable results are usually secured through 
gradual evolution, and the Washington Mem- 
orial Institution can grow as rapidly as circum- 
stances permit. Should there be a congres-
sional cataclysm in favor of a national university, 
a foundation will be a t  hand which will obviate 
the necessity of erecting castles in the air. 

The action of the National Council of Edu- 
cation in somewhat brusquely setting aside the 
report of its committee, and that of the Na- 
tional Educational Association in affirming its 
position in favor of a national university, cer- 
tainly represent a strong trend of opinion. More 
especially are the representatives of the great 
State universities in favor of a national univer- 
sity, and these universities are the allies of the 
future. We are in the midst of conditions that 
have not existed elsewhere or heretofore. Our 
privately endowed colleges and universities 
originated largely in sectarian enthusiasm, 
and are still in large measure supported by ad- 
herents of special religious denominations. 
The unexampled gifts of rich men for public 
education have undoubtedly tended to maintain 
the stability of society and have bridged over 
the interval required for the people to learn the 
importance of higher education for the com-
mon good. But we shall not always depend 
on the charity of the rich, nor will our univer- 
sities always be administered by business men. 
Pennsylvania, Johns Hopkins and Cornell are 
turning to the State for help ; Harvard, Yale 
and Columbia must do the same if their pres- 
tige is to be maintained. 

The obvious outcome of democratic institu- 
tions is the support of education by the people. 
We have district schools, city colleges and state 
universities. We shall have a University of 
the United States. I t  may come suddenly, but 
it is far more likely to result from the gradual 
development oT the Washington Memorial In- 
stitution. J. MCKEENCATTELL. 

SHORTER ARTICLES. 
SOME OBSERVATIONS BEARING ON THE PROB-


ABLE SUBSIDENCE DURING RECENT GEO-

LOGICAL TIMES O F  THE ISLAND OF 


SANTA CATALINA OFF THE COAST 

OF SOUTHERN CALIFORNIA. 


INthe course of the dredging operations car- 
ried on along the coast of southern California 

by the Zoological Department of the University 
of California, during the past summer, obser- 
vations were made incidentally of such obvious 
geological interest that I feel justified in going 
outside my own province to record them. 

While dredging in forty-five fathoms about 
three-quarters of a mile off Long Point, on 
the nortb side of Santa Catalina Island, the 
dredge brought up large numbers of cobble 
stones varying in size from a sparrow's egg to 
a man's head. Most of them were very smooth 
and round, though bhey were covered by a thick 
coating of encrusting bryozoa, worm tubes, 
ascidians, chitens, sponges, etc., showing them 
to have remained undisturbed for a long period. 

They were entirely similar in material and 
shape and size to the cobbles composing the 
shingle of many of the little beaches on dif-
ferent parts of the island, e. g., that a t  Avalon 
near by. 

That they came from a submerged beach was 
a suggestion so obvious as  not to escape any of 
those on board the launch, in spite of the fact 
that there was not a geologist among us, and 
hence no one greatly familiar with the geological 
history of the region, and consequently pre- 
pared to put such an interpretation on what we 
saw. 

When, however, we came to consider the 
matter in the light of facts of a wholly different 
character well known to geologists, and under- 
stood by them to testify tha* tho island has 
been sinking beneath the waters of the Pacific 
in recent geological time, there would seem to 
be little doubt that a t  no very remote date in 
the past, geologically speaking, the shore lineof 
the island at the point from which these stones were 
taken was from lzhree-quarters of n mile to a mile 
out to sea from its present position. 

The subject is so interesting as to make i t  
worth while to present in outline the evidence 
from other sources tending to show that a sub- 
sidence of the island has taken place even if i t  
is not still in progress. 

It is now generally admitted among geolo- 
gists, I believe, that San Pedro Hill on the 
mainland has emerged from the sea and been 
elevated to its present height, 1475 feet, since 
Post-Pliocene times. The hill, particularly on 
its seaward slope, is laid off into a succession 
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of remarkably clear-cut steps, or benches, one 
above another, t o  the  number of ten in all, 
according to Yrofessor Lawson. On approach- 
ing it from the  sea one's imagination easily 
makes it  t h e  terraced grounds ages ago deserted 
and  fallen into ruins, of one of Cronus' cour~ t ry  
seats before that  crafty monarch was over-
thrown by all-powerful Zeus. 

Professor A. C. Lawson* has brought forward 
arguments that  are ,  I should think, conclusive, 
in support of the view that  these steps are  
marine wave-cut terraces ; .that they mark the 
position of the  ocean strand a t  successive peri- 
ods during the elevation of the hill. 

The  island of San Clemente, 1,964 feet high, 
lying sixty miles to  the southwest of San Pedro 
Hill ,  is very similar to i t  in topographical fea- 
tures, particularly as  regards the  terraces, t h e  
chief differeuce being that  the terraces of the  
island a re  more sharply defined and more nu- 
merous than those of the  Hill. T h e  evidence 
is, then,  that  both t h e  mainland of t h e  coast, 
and San Clemente island emerged simultane- 
ousl y from the sea. 

Now t h e  island of Santa Catalina, lying mid- 
way between the  two, is wholly different from 
either of t>hem topographically. I t  is a moun- 
tain mass as bold and jagged as one often sees, 
and  terraces a re  entirely wanting. The same 
sally of the  imagination that  nrakes San Pedro 
Hill  t,he country seat of King Cronus makes 
Santa Catalina Island the site of his castle ; for 
not only have we here the rock upon which the  
castle stood, but in  San Pedro channel, a hun-
dred fathoms deep a t  not much beyond a n  ar- 
row's flight from the rocky walls, we  have also 
the moat of the  castle. 

T h e  contrast between Catalina and  t h e  two 
land masses between which i t  is situated can- 
not be better brought out than by Professor 
Lawson's own words:  " I n  all  the physio-
graphic wonderland of Southern California," 
he  writes, there is probably nothing moreL '  

surprising than the  contrast which the topog- 
raphy of Santa Cat,alina presents to that  of 
both San Pedro Hill  and San Clemente. Lying 

" ' The Post-Plioceue Diastrophism of the coast of 
Southern California,' Bulletin of the Department of 
Geology, University of California, Vol. I., No. 4, 
1893.' 

midway between the  two latter insular masses, 
in the  same physiographic province, and  af-
fected by the  same climatic conditions, S a ~ l t a  
Catalina might, d priori, be supposed t o  differ 
from these but little in the character of its land 
sculpture. This supposition proves, however, 
to be fallacious. The difference between t h e  
aspect of the  island and that  of the  two other 
neighboring insular masses is amazing, and the 
hypothesis which we  are  forced t o  entertain to 
account for it, is correspondingly startling." 

The  writer then proceeds to  bring forward 
cogent arguments in support of the  proposition 
that  L '  Santa Catalina was a land-mass, subject to 
the forces of subaeritcl degradation, at the time 
when San Pedro Hill aiad San Clemente began to 
emerge from the waters of fhe Pacific, in  Post-
Pliocene time." 

But  not only this. H e  finds further strong 
evidence, on physiographic grounds alone, that  
not only was the  island full-born when t h e  
neighboring land masses began to emerge from 
the sea, but that  while the latter have been 
undergoing elevation Catalinu itself has been 
subject to a process of .submergence. 

I n  this latter view the  author is defending a 
suggestion made by Dr. J. G. Cooper, the  pioneer 
California naturalist who explored the island in 
18G3 as geologist of the  California State Geo- 
logical Survey. 

With the addition of the evidence produced 
by our dredgings this summer to that brought 
forward by Professor Lawson, i t  would seem 
that  the subsidence hypothesis reaches well 
nigh a demonstration. 

I t  should be said that  some of the fibhermen 
a t  Avalon have known for a number of years of 
the  existence of this particular bed of cobble 
stones, and it  is asserted by them that  the bed 
extends out to seventy-five fathoms. 

Time would not permit us  to  trace out the  
full extent  of bed. Similar cobbles were 
brought up  a t  other points around the island, 
though not so abundantly as  here ; but it should 
be stated that  most of our work here was done 
with the beam trawl, as  this was found better 
adapted to our biological work. I t  is, however, 
much less likely to  pick up  such stones than is 
the dredge. 

I t  is highly probable that  careful dredging 



with this as  the  primary object will discover 
similar evidence of submerged shingle beaches 
a t  many other points around the  islaud. 

Wnc. E. RITTER. 

UNIVERSITYOH' CALIFORNIA, 

Sept. '7, 1901. 


ZONE O F  MAXIMUM RICHNESS IN ORE BODIES. 

FORa long time, aud  among many mining 
people, the theory has prevailed that  ore de- 
posits have been derived from the  interior of 
the  earth, the  mineral materials being carried 
upward t o  the  surfme by means of heated 
solutions. As a result, a maxim has been es- 
tablished that  ore bodies necessarily get richer 
as  depth increases. The  fact that  many excep- 
tions have been found to this rule is ascribed to 
peculiar local conditions. 

Aside from the bare statement of the  general 
rule, no limitations have been formulated by  
t h e  mining men. I t  has remained for the  
geologi.;ts to  reach measurable results regardiug 
the  relative richness of ore bodies a t  varying 
depths. The  results a r e  not only very satis-
factory, but they are  totally a t  variance with 
the  commonly assumed formule. Late  investi- 
gations demonstrate, both theoretically and 
practically, that  the problem has been wholly 
misunderstood by miners; and tha t  the  so-
called empirical rule has very decided limi-
tations. 

Contrary t o  opinions heretofore generally 
held, many, if not most, ore bodies are  believed 
not to be formed by t h e  materials coming up  in 
a superheated condition from great depths t o  
the  surface of the earth. Revolutionary as  i t  
may seem t o  many who have not followed care- 
fully the trend of recent investigation, i t  appears 
to  be a fact, nevertheless, that  ore bodies a re  to 
be regarded as  deposits formed very near t h e  
surface of the earth's cru.it; or,  to  be more 
precise, formed only in that  thin outer par t  of 
t h e  zone of the lithosphere which geologists a r e  
pleased to call the zoue of fracture. Unusual 
richness which many ore deposits show a t  very 
shallow depths has come to be looked up011 as  
due to local enrichment long after the first con- 
centration has taken place. 

Careful study of important ore bodies indi- 

cates t h a t  after a certain depth is reached, there 
is frequently a very marked decrease in  the  
amount of ore  material, until finally in some 
cases the ores become tooileau to work. From 
the  point of view of origin, diminution in rich- 
ness with depth is not, then, to be iegarded as  
a n  actual depreciation in grade of the ore. T h e  
real status of the  case is tha t  the  9riginal depo- 
sition of the  ore has-in the  upper zone under- 
gone a greater or less augmentation in metalllc 
content since the ore bodies first began to 
form. 

As distinct processes, the rival theories of 
ascending solutions, descending solutions and  
laterally moving solutiolls no longer find counte- 
nance among those who have glven the  subject 
of ore genesis most attention, and especially 
among those who have-approached the subject 
from the  geological side. Ore deposition may 
take place through all  three means, which may 
have equal importance. After an ore deposit 
has  once formed under special geological con- 
ditions, the secondary enrichment which i t  may 
undergo is believed to take place largely under 
the  influence of the %descending solutions. 
Therefore, in the  exploitation of ore bodies, 
everything goes to show how vitally important 
is a full consideratiou of the  geological struc- 
tures presented, both a t  the time of the  first 
concentration and as  subsequently assumed. 

Uuder the title of 'Enrichment  of Mineral 
Veins by Later Metallic Sulphides,' in the  re-
cently issued VolumeLXI. of the Bulletin of the  
Geological Society of America, Mr. W. H. 
Weed gives the results of his investigations 
concerning the zones of maximum richness i a  
ore bodies. Briefly stated, the  attempt is made 
to prove : (1) that  t h e  leaching of a relativkly 
lean primary ore, commonly by surface waters, 
will supply t h e  material in solution for such en- 
richment; (2) that  t h e  unaltered sulphides, rs- 
pecially pyrite, will induce precipitation, that  
the material precipitated is crystalline, and  
tha t  a number of mineral species a re  commonly 
formed, and  are  now forming, in  veins by such 
reactions ; and  (3) tha t  suchbinera l s  depos~ted 
in quantlty may form ore bodies of considerable 
size (bonanzas), or may be disseminated through 
the  lean primary ore in strings and patches, 
thus  enriching the ore body as  a whole and  


