
USGS Professional Paper 144 – The Copper Deposits of Michigan – Part 1 – Page 46 of 69 

 
[PLATE 63.  Iron oxides in rocks as seen in polished sections.] 

 
[PLATE 64.  Alteration and replacement of minerals.] 

The results of the two groups of analyses are 
represented graphically in Figure 4.  The noteworthy 
features are (1) the higher percentages of total iron both 
at the top and toward the bottom of the flow, that at the 
top being the highest; (2) the steady increase in ferric 

iron from bottom to top, with a sudden increase in rate in 
the upper 20 feet—that is, in the brecciated amygdular 
top; (3) the increase of total iron at the top associated 
with an increase in ferric iron, but the increase in total 
iron in the bottom third of the flow associated with a 
slight decrease in ferric iron. 

Five pairs of complete rock analyses are available for a 
contrast between the oxidized tops and the deeper 
unoxidized parts of the corresponding flows of 
Keweenawan lavas.  These analyses are further 
discussed under “Weathering” (p. 40), especially 5a and 
5b, which are the only ones that have been studied by 
the writers. 

 
From these pairs of analyses, each of which shows an 
increase of ferric iron and a decrease of ferrous iron 
toward the top and all but one of which show an increase 
in total iron upward, certain inferences may be drawn in 
regard to other changes that accompany these 
increases in iron and oxygen.  Frequent reference will be 
made to these analyses in the ensuing discussion.  It 
must be borne in mind that the analyses represent the 
composition of the rocks after they have been affected 
by many kinds of alteration in the period that has 
elapsed from the time of lava outflow to the present day, 
and that in the top or amygdaloidal portion of the flows 
the combined effect of alteration has been, as a rule and 
perhaps without exception, much greater than in the 
trap.  Only the specimens represented by 5a and 5b 
have been studied by the writers, and the discussions 
are based primarily on these, but the application to the 
other analyses is pointed out.  Samples 5a and 5b were 
selected from rock that showed the least effect of the 
mineralizing solutions.  Explanation of some of the 
features of the other analyses could be ventured only if 
the nature of the material were known. 

MINERALOGIC FEATURES 

The mineralogic expressions of these variations in 
oxygen and iron content are mentioned, so far as the 
traps are concerned, in the section dealing with 
alteration (p. 34), as the changes evidently affect rock 
minerals previously crystallized.  But beyond the partial 
or complete conversion of olivine and magnetite to 
hematite, the trap seems to be in the same state as 
when first crystallized, and there is nothing in the rock 
itself to suggest that it crystallized under abnormal 
conditions.  The significant mineralogic features 
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