THE TAMARACK MINE CROSS-SECTION

AND THE

KEWEENAWAN LODES.




THE KEWEENAWAN
ABOVE THE CALUMET AND HECLA CONGLOMERATE,

ESPECIALLY BASED ON THE RLECORDS O THE CAPTAINS OF THE TAMARACK
MINE SHAFTS AND SAMPLES AND RECORDS PRESERVED BY TIHE ENGINEERS,
I3, M. EDWARDS AND W. I. PARNALL, JR.

1t will be noticed that T have made sowme changes in the belts, from those
given in previous publications and reports, in some cases throwing to-
gether several belts, only one being the true amygdaloid, the others either
zones or alterations or slips. As to the practical importance of this, it
may be noted that a thick flow is liable to be more persistent and farther
iraceable than a thin, and that its grain, lustre mottling, etc., is liable to
be coarser at the center, and so it is important to recognize these big
belts. The lustre mottling is due to the augite crystalline patches. In the
normal ophite they are 1 mm, across within ten feet of the bottom of the
flow, and then increase toward the center a millimeter for every 15 feet or
80. Moreover the belts of faulting and alteration are probably of import-
ance in the stratigraphy of the range and the concentration of copper.

The samples preserved by the mining captains are generally taken from
the top of each belt as they observed them, and therefore do not show the
true coarseness of the intermediate belt of trap. One object of presenting
this section at this tinie is to show the importance of the grain, and how
different mining men may differ in interpretation of records, which are
not fundamentally so very different, and how easy it is to confuse the
typical amygdaloid with porphyritic melaphyre or trap, and altered mela-
phyre or sand amygdaloid. If specimens were taken of the coarsest
mottling in every belt of trap it would be possible to detect faults, and to
know more certainly the size of the flows, than when samples of the trap
belts are taken close underneath the amygdaloid, as is usually the case, if
kept at all.

The examination of the spécimens has often been only with the eye or
hand lens, but quite a number of sections have been made. Relative to the
systematic classification, T would refer to the Isle Royale report, in which
the same series of rocks are treated. Referring to the more recent works
of Cross, Iddings, Pirrson, and Washington, it is apparent that the series
of Keweenawan flows are mainly dosalic, yet nearly salfemic, and perfelic,
that in sub rang they are presodic, but in rang, they may run in the same
flow from alkalicalcic at top to doecalcic at bottom, e. g., from andose to
hessose; generally they are hessose, but practically on the line between
hessose and auvergnose. The same variation is noted in comparing dif-
ferent flows and is constantly associated with differences of texture so
that I have called the former porphyritic melaphyre or porphyrite (com-
pare augite andesite, andose and camptonose) and the latter ophite mela-
phyre or ophite, compare tholeyite and hessose and auvergnose.
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Pumpelly’s terms, ashbed diabase and lustre mottled melaphyre are
nearly equivalent.

One term I use that they do not, that needs explanation. A glomero-
porphyrite is a rock in which the crystallization at the time the feldspar
phenocrysts were formed, went so far that these latter are more or less
aggregated and bunched together. It is mainly found in the alkalicalecic
flows, I think.

Tamarack shaft No. 5, went through 41 feet of peat and 5 feet of '

gravelly hardpan (till), before striking bed rock, began Aug. 7, 1895,—
Jan. 1, 1896, 140 feet.

On the lower side of the shaft they average 11 feet lower than the fig-
ures given. See note book 99, p. 88, Portage Lake Mining Gazette, March
24, 1901, also Lake Superior Mining Institute, Vol. VII, p. 50.

1. Amygdaloid (T5h1, on N. W. side) ; amygdaloidal trap (T5b2); and
amygdaloid (T5b3, 20 to 27) at center of shaft. Total thickness, 8-4-6--13
=27 (21.2).1

Compare belt 22 at the Copper Falls drift, and the Isle Royale drill
hole IX, 482-493.

2. Conglomerate (T5b4, 27 to 57 at center, 46 at eastern end). Thick-
ness, 30; total 45.3 feet (23.8). ,
I R. XI. 493-499 and belt 23 at the Copper Falls adit.

3. Amygdaloid (T5b5, 46-139, on the upper, 68-161 on the lower side)
and trap (T5b6, 139-185).

Thickness, 139 (110) feet; total (155.2) feet.

Light colored zeolitic amygdaloid, and a dark chloritic porphyrite sp.
17674-5.

4. Conglomerate (T5b7, 185 to 195 feet). Thickness 10 (7.9) feet;
total (163.1) feet.

Mainly feldspathic pebbles, but some basic. Rieder says it is a scori-
aceous conglomerate of the ashbed type, and may include the amygdaloid
top to-the sheet below, which is of the feldspathic “ashbed diabase” type
that has a rough, broken “aa” surface, which is characteristic of the “ash-
beds.” Sp, 17656. Probably Marvine’s conglomerate No. 35 of his Eagle
River section, Nos. 25 and 26 of the Copper Falls adit, and the Island
mine conglomerate. I.R.X. 170-193.

5. Trap (T5b8, 195 to 340 feet).

Thickness, 145 (115) feet.

Fine grained porphyrite of the Tobin porphyrite type, feldspar abund-
ant, though the porphyritic texture is not conspicuous. “Ashbed diabase.”
Sp. 17657.

Compare on Isle Royale, X. 193-306=113 (110) feet thick, and of the
same petrographic character.

U. M. the augite is in idiomorphic granules. The feldspar extinctions
indicate Ab, An,.

The olivine has been largely changed to iron oxide.

IDistances actually measured, usually vertical, are given without parentheses, actual thickness
and distances reduced to distance perpendicular to the beds by multiplying by cos 3734° = 795 are
given in parentheses as in Vol. VI. Reference as to a given belt in different shafts are indicated by
b. Thus T 5bl means belt No. 1in the mining section of Tamarack No. 5. TJ1b 20 means the twen-
tieth belt recorded in No, 1 shaft of the Tamarack Junior Mine, now an Osceola property.
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6. Amygdaloid (T5h9, 340-395) and trap (T5b10, 895-627).

Thickness, 55 (43) 4232 (183.1)—(227).

Total (505) feet.

Porphyritic melaphyre verging toward ophite. 7This probably includes
more than one sheet of porphyrite, but it may be one thick flow which is
at the bottom more augitic,—a feldspathic ophite. 8p. 17658, 17659, from
T5b9 and Sp. 17660 (ophite), 17661, 17662 from T5b10. This is equivalent
to T4bl, T4b2, 347 and T3b1 to 1303, 122. Sp. 16401 (ophitic).

Compare also I. R. X, 835415 analyzed and studied for grain variation.
The magma of this flow seeins to have been of such a character that a more
and less augitic portion readily separated.

U. M. 17658, shows iddingsite very abundant, the amygdules are of
chlorite and calcite.

U. M. 16402, shows labradorite in large patches of augite; olivine just
altered and with a strong pleochroism between yellow and green, remark-
ably abundant and embedded in augite,

7. Amygdaloid (T5b11, 627-667).

Thickness, 40 (31.7).

Total (537) feet.

Sp. 17663 to 17667. These specimens show signs of fault slips, claso-
litic seams of sediment, crushed amygdaloid, etc.

These indicate that there has been much motion in this belt which may
be thus in part cut out. It might even represent the fragments of several
flows. It is beter shown in T3 and T4,—T3, 122-178, Sp. 16403, 16404 and
T4, 347-409, 44.5 to 49.3 feet. It is probable, therefore, that 16 feet or
more are here cut out by a fault.

U. M. 16403, is an ophitic melaphyre, but with amygdules, and much
smaller feldspar than 16402,

8. Conglomerate (T5b12, 667-692).

Thickness 25 (19.8).

Total (557) feet.

Sp. 17668 to 17670. This is equivalent to T3b4, 178181, and T4b5,
409-413, 16504. Possibly the slide above here has in T3 and T4 cut out
of the conglomerate and amygdaloid below instead of the overlying trap.

This is the “Hancock West” conglomerate, Marvines No. 17, the Ash-
bed slide, I. R. X., 413 to 426, No. 44 of the Eagle River section. This
horizon is characterized by a large bed above, in which, near the bottom,
the augitic magma has so accumulated as to give some lustre mottling and
make it an ophite (See Vol. VI., part 1, p. 64.), while beneath is a hard
feldspathic sheet with a clean conchoidal fracture.

9. Trap (T5b13, 692-711).

Thickness—19 (15).

Total (572) feet.

Amygdaloid not noted in T3 or T4 in which beds 13 and 14 may have
been wanting, or planed off by slide?

Compact porphyritic melaphyre with small green feldspar phenoerysts.

Equivalent to T4b6, 413 to 476, Sp. 16405, and T3bb, 191 to 243, with a
thickness of 63 (50) or 52 (41) feet.
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10.  Amygdaloid (T5b14, 711 to 734), Sp. 17672, and trap, T5b15, 734
to T84, Sp. 17673, 17674,

Thickness, 73 (57).

A porphyritic meiaphyre of the type I have called Tobin porphyrite.
The amygdaloid has some fine red sediment mixed in, and is of the ash-
bed type. and in it there was some water encountered. The trap is a tough
grey trap. not as dark as the more augitic varieties, which made sinking
very slow. The drill cores in this fype on Isle Royvale were long. This
should be good road metal.

U. M. 17673, augite granules idiomorphic, olivine scanty, feldspar
symmetrical extinctions often 4°.

11.  Amygdaloid (T5b16, 784 to 808), and trap (T5b17, 808 to 920), Sp.
17675,

Thickness, 136 (108) feet.

Total, 737 feet.

Another Tobin po: phyrite, with an amygdaloid like the fiow above and
a similar hard, fine-grained porphyritic trap which made slow sinking,
and bears the strongest resemblance to the beds at bottom of drill hole
IX and the top of VIII, on Isle Royale.

12. Amygdaloid (T5b18, 920-927), Sp. 17676, and trap, (T5b19, 927 to
1041), Sp. 17677, 17678.

Thickness, 121 (96) feet.

Total, 833 feet.

Porphyrite.

Amygdaloid like the ones above, somewhat more laumonitic in T35, and
a thin green porcelain like decomposition seam was noticed in the trap
(datolite?).

The trap is a coarse, feldspathic glomeroporphyrite, the feldspar
phenocrysts being gathered together in bunches that show that the crys-
tallization had advanced pretty well before the last motion.

This is the lowest of this series of feldspathic melaphyres, its base
being 276 feet below the Hancock West conglomerate,

In T4 we find that T4b9, 627 to 642, Sp. 16409, A. B, is classed as a
thick belt of amygdaloid, 93 feet thick, and next underneath comes a well
marked dark lustre mottled ophite, with olivine, Sp. 16410, and the bot-
tom of this belt is given as 262 feet below the Hancock West conglomerate.

It is pretty clear that the bunches of feldspar phenocrysts have caused
this whole flow to be classed as amygdaloid in T4 and T3.

T3b8, 389-499, Sp. 16474, also corresponds in part, but more or less of
the bottom of T3bS and T4b9 may be the amygdaloid of the underlying
flow.

U. M. 164094, is a much decommposed glomeroporphyrite, while B
shows low angled feldspar, scanty idiomorphic augite, conspicuous
olivine. 16410 shows scanty augite, abundant altered olivine, labradorite
Ab, An,, but with zonar varying extinction.

[13. 14. 15. 16.

Amygdaloid (T5b20, 1041 to 1194 feet), Sp. 17679, 17680, 17681 (122)
feet, is undoubtedly a composite belt really containing one or more flows,
as the records of the shafts T3 and T4 show. Together with the trap,
T5b21, 1194-1212 (14)—which is a dark, typical ophite, and another
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composite belt, T5b22, 1212-1368, Sp. 17683 to 17684, (124) total, (260)
feet, which is described as “amygdaloid with bunches of trap in it, and has
at the bottom blue clayey flucan,” we have the imperfectly described and
separated representatives of at least four distinct beds of ophite, recog-
nized in T4 and T3, probably decomposed in T5.]

13. Trap T3b9, 499-539, with possibly part of T3bg), 40 (32), and
T4b10, 742-770 (with possibly a part of T4b9) Sp. 16410, 28 (22).

This is a fresh black ophite, with two feet of hard, fine-grained, typical
olivinitic trap at the base, above T4bi1.

14.  Amygdaloid (T3b10, 539-610, and T3b1l, 610-651), (89) and T4b11,
770-823, and T4b12, 823-865, Sp. 16411 A-C, (76).

U. M. 164118, augite mainly gone, quartz, secondary, olivine pseudo-
morphs conspicuous.

16411C, ophitic melaphyre, but the augife is scanty, the olivine con-
spicuous, the feldspar in two generations, one old, corroded, the other an
andesite. :

15.  Amygdaloid (T8b12, 651-772, and T3bl3, 772-792), (112), and
T4b13, 865-963, and T4bl14, 693-988, Sp. 164134 (98).

A well marked ophite, somewhat disturbed, slickensided and altered.

U. M. the feldspar is labradorite, Ab, An,.

16. Amygdaloid (T'3bl14, 792-881), (71) and T4b15, 988-1086, Sp. 16415
A-B (78).

One or more small flows, disturbed and charged with laumonite.

U. M. the feldspar is labradorite, Ab, An,.

17. Conglomerate (T5b23, 1368 to 1391).

Thickness, 23 (17).

Total, (1110) feet.

This cenglomerate was sandy on top, 17685, and then conglomerate
17686. It is the Pewabic West, Marvine’s conglomerate No. 16, T3bl15,
881-916, T4b16, 1086-1110, Sp. 16416 B-C.

It has the same sandy streak on top also in T4, Sp. 16416.

It is ‘generally red and has some felsitic pebbles, but others more basic,
and an abundant calcareous cement.

T5 is 282 feet deeper than T4 and 487 feet deeper than T3.

U. M. fragments are (1) porphyry with micropegmatite ground mass;
(2) epidote; (3) albite; (4) spherulitic porphyry (microfelsite), caleitic
cement.

18. Amygdaloid (T3b24, 1391-1408), and trap, (T5b25, 1408-1425).

Thickness, 34 (27).

Total, (1137) feet.

T3b16, 916-926, and part of T3b17, 926-984, Sp. 16477, 16478 (53).

T4b17, 1110-1122, T4b18, 1122-1150, Sp. 16417, 16418 (32).

With agates and delessitic amygdules, a fine-grained labradorite por-
phyrite,

U. M. 16417 shows chloritic amygdules, a marginal form of melaphyre,
no olivine.

16418, shows idiomorphic augite prisms.

33
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19. Amygdaloid (T5b26, 1425-1435) and trap, T5b27, 1435-1452,
Thickness, 27 (21.5).

Total, (1159) feet.

No samples seen.

20.  Amygdaloid (T5h28. 1452-1462), and trap, (T5h29, 1462-1834), Sp.

1648315, 16485, 16486.

Thickness, 382 (304).

Total, (1463) feet.

“Mixed bed of amygdaloid and trap,” a big flow of melaphyre por-
phyrite, often very feldspathic and glomeroporphyritic, which I think
is the one just above the Pewabic and Quincy lode. In T5 it showed some
sheet copper on the seams.

The middle specimen is very coarse and feldspathic. There may be
more than one flow but the records as kept by the various mining cap-
tains do not sharply distinguish the feldspathic and amygdaloidal belts,

T3b18, 984-1014, Sp. 16479, and
© T3b19, 1014-1204, Sp. 16480, correspond to this flow and probably also

T3b20, 1224-1267, Sp. 16481, which is only a belt with bunches of feld-
spar, not amygdaloid.

T3b21, 1267-1315, Sp. 16482, will then also be included.

Salt water was struck in this belt in No. 3, and there may be a slip here.

T3b22, 1315-1342, is probably a belt like T3b20, so that T3h23, 1342-
1372, will be the last trap belt of this flow, which makes the thickness as
in T5 and T4. -

Thickness, 388 (807) feet.

Compare specimens 16483, 16485, 16486.

In the same way in No. 4, we have

T4b19, 1150-1194. Amygdaloid, reddish, with laumonite, Sp. 16420,—a
considerable part of this belt probably belongs in the flow above.

T4b20, 1194-1200. Trap, Sp. 16421. -

U. M. glomeroporphyritie, with Ab; An,.

T4b21, 1200-1347, apparently a coarse, very feldspathic center of the
same belt. The feldspar is often reddish, and big green flecks may be
pseudomorphs of olivine,

Probably we should include—

T4b22, 1347-1543 (or 1453). Recorded as amygdaloid, but from the
samples, Sp. 16422, much the same as the previous belt, with few amyg-
dules and much red feldspar, U. M. a glomeroporphyrite, with iron oxide
growth forms.

Then also we must include

T4b23, 1543-1567, a trap, dark chloritic, greenish but feldspathic, like
some belts south of Lake Richey on Isle Royale. U. M. Sp. 16423, is a
glomeroporphyrite.

T4b24, 1567-1582, while classed as “amygdaloid” is really a porphyrite
with large feldspar phenocrysts, Sp. 16424, Augite is scanty.

T4b25, 1582-1595, classed as a “trap,” is really a porphyrite with feld-
spar phenocrysts up to 1 cm. long. Sp. 16425, slightly ophitic with an
andesite feldspar. ‘

Through all these belts no genuine amygdaloid or flow margin can be
recognized in the samples saved.
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Total, 445 (less 44—for part of the belt T4b19, improperly included
(353—35) feet.

The difference in the earlier reports of the mining captains on amygda-
loid flows in shafts so near together, shows that they are probably not
genuine amygdaloids, but perhaps more altered, more porphyritic or more
feldspathic streaks in the one great flow.

21. Amygdaloid (T5b30, 1834-1857), Sp. 16487.

Trap, T5b31, 1857-1916, Sp. 16488.

“Amygdaloid,” T5b32, 1916-1924, Sp. 16489.

Trap, T5b33, 1924-2011, Sp. 16490A and 16490.

Total, 183 (140) ... ... . i e (1603) feet.

Pewabic and Quincy lode?

The amygdaloid at the top is well marked, the bubble cavities being
filled with chlorite and calcite, Sp. 16487, and epidote and other crystals,
16426, so that the correlation of T5, 1834=T3, 1372=T4, 1595 is a reljable
one within the limits of the amygdaloid belt. The trap becomes pretty
close grained with light green feldspar, and green jaspery or datolite
seams. T. 5b32 is very feldspathic and decomposed, with reddish feld-
spar, yellow-green epidote and some dark green chlorite spots. It is one
of Pumpelly’s pseudamygdaloids, not a real amygdaloid. Sp. 16490, T5b33
is a regular glomeroporphyrite with occasional large feldspar pheno-
crysts.

T5 reached 2015 feet Jan. 1, 1898.

- This corresponds to
Amygdaloid, T3b24, 1372-1435 feet. Sp. 16487.
Trap, T3h25, 1435-1583

211 (168)

Evidently in this shaft the decomposed belt, T5b32=—=T4b28, was not
present, or was not counted as amygdaloid.

It may or may not be one, though Sp. 16427 suggests to me that it is
the ophite base of a feldspathic melaphyre.

And this also corresponds to
Amygdaloid, T4b26, 1595-1611. Sp. 16426 (U. M. much altered,
vellow epidote).

Trap T4b27, 1611-1652. Sp. 16427 (U. M. much altered,
andesitic).

Amygdaloid, T4h28, 1652-1730. Sp. 16428 (U. M. much altered,
marginal),

though classed as an amygdaloid, appears to be largely a badly decom-
posed belt with vein matter, and a little copper and clasolitic sediment.
T4b29, 1730-1806. Sp. 16429.

Total, 211 (168)

T4b27 is a feldspathic ophite like T4b23, and some of the Phelps Island
rock of Isle Royale and T4b29. is more coarse with a marked diabasie
texture, much plagioclase, and occasional large feldspar phenoerysts, a
porphyritic melaphyre.

T4b28 may include an amygdaloid which has acted as a line of weak-
ness and been faulted out or overlooked in T3.
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The decomposed and copper-bearing belt, T4b2S, 1652-1730, covers the
corresponding horizon of T3bH32, 1916-1924. '

T. M. Sp. 16429, is a doleritic ophite. with low angled feldspars, and
chlorite interstices, the chlorite occurring as a rind; zeolite also occurs.

22. Amygdaloid, T5b34, 2011-2037. Sp. 16490%%.
Trap T5b35, 2037-2130
119 (93) oo Total (1698)
The Sp. 1649014, is not typical and rather coarse grained, so that if
the correlations suggested ave right, this might be considered part of the
belt below. The specimen of trap has an interesting red aplitic seam of
cligoclase, like those often cennected with gabbros. It is still feldspathie.
This may correspond to
T3b26, 1583-1613, Amygdaloid,
T3b27, 1613-1635, Trap,
T3b28, 1635-1676, “Amygdaloid,” appears to be really a streak of
crushed matter along a fault. .
T3b29, 1676-1705
122 (97)

and
T4b30, 1806-1891, Amygdaloid, Sp. 16430 (U. M. is a rather feldspathic
ophite).
T4b31, 1891-1927, Trap, Sp. 16431, like Sp. 16423, feldspathic.

121 (96)

Sp. 16430, called amygdaloid, proves to be a “pseudamygdaleid,” was a
much decomposed specimen and very likely may represent parts of T3b26,
27 and 28, especially if the difference in depth (about 222 feet) of cor-
responding levels of T3 and T4 does not vary much.

Compare TJ2, 417.25—440.75, a belt which carried some copper, with
T3b28.

23. Amygdaloid, T5b36, 2130-2169.

24. and trap T5b37, 2169-2278.
Total thickness, 148 (118) ... ... ..o i, (1738)
The top is a well marked amygdaloid with thomsonite, and apparently
from Sp. 16432, there was a belt of amygdaloid overlooked in the trap.
It still belongs in the porphyrite melaphyre type, Pumpelly’s ordinary
diabase.
This corresponds probably to
T3b30, 1705-1728, “Amygdaloid.”
T3b31, 1728-1740, trap.
T3b32, 1740-1785, “Amygdaloid,” probably in part at least.
T3b33, 1785-1820.
Thickness 115 (92).
Also
T4b32, 1927-1947, Amygdaloid, Sp. 16432. U. M. a genuine amygda-
loid with fine-grained quartz, epidote amygdules,
and two well marked generations of andesite.
T4b33, 1947-1967, trap, Sp. 16433.
8p. 16433 is reddish brown with small lath-shaped feldspar phenocrysts.
U. M. It belongs to the Minong type, has andesitic feldspar, and idio-
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morphic granules and sharp prisms of augite, and some olivine. Sp.
16434, also apparently represents the very bottom of the bed. Sp. 16435
is much like 16433. Unless there is some mistake, there are two flows here.

T4b34, 1967-2003, amygdaloid. Sp. 16434, U. M. glomeroporphyritic.

T4b35. 2003-2033, trap, Sp. 16435, U. M. texture intersertal, scanty

granular augite, with olivine pseudomorphs.
107 (85) )
The specimens are still feldspathic and belong to the porphyrite type.

25. T5b38, 2278-2292, amygdaloid.
T5b39, 2292-2327, trap.
Thickness, 49 (38).
Total, (1777).
This corresponds to
T3b34, 1820-1863.
T3h35, 1863-1878.
58 (46)
T4b36, 2033.6-2048.3, Sp. 16436, amygdaloid with calcite filling.
U. M. calcite and zeolites, trichitic feld-
‘ spar, scanty augite.
T4b37, 2048.3-2117.6, Sp. 16437, trap.
84.0 (67)
Sp. 16437 is medium fine-grained and not markedly porphyritic.
U. M. it is glomeroporphyritic, with andesite, scanty augite, olivine
pseudomorphs, calcite and zeolites.

26. T5b40, 2327-2349, amygdaloid.
ThHh41, 2349-2374, trap.
AT (BT e e e e Total, (1814)
Whether T5b42 is a real amygdaloid, overlooked in the other shafts,
we cannot be sure. It may be merely a glomeroporphyritic belt.
This may correspond to
T3h36, 1878-1905, in part amygdaloid.
T3b37, 1905-1970, trap.
92 (72)
Compare 1'J2, 673.75-695.5.
T4b38, 2117.6-2145.7, amygdaloid, Sp. 16438.
T4b39, 2145.7-2208.2, Sp. 16439.
90.6 (72)
Sp. 16439 is a coarsely niottled ophite, with olivine perhaps represented
by serpentine. U. M. feldspar is andesite.
Sp. 16438 has calcite amygdules, but is of the same type as T4b22 and
T4b25, a glomeroporphyrite, the whole flow being a feldspathic ophite,
tending to differentiate. U. M. it shows somewhat agglomerated feldspar.

27. Tb5b42, 2374-2411, amygdaloid.

Tsh43, 2411-2484, trap.

Thickness, 100 (T9) ... Total, (1893)
This has by some been correlated with the Pewabic amygdaloid.

T3h38, 1970-2018, amygdaloid.

T3b39, 2018-2039, trap, Sp. 16491.

Thickness, 69 (45).
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T4b40, 2208.2 amygdaloid, Sp. 16440. T. M. trichitic mar-
ginal plagioclase, amygdules with vellow and

. green epidote and guartz. '
T4b41, -2257, trap. Sp. 16441, dark. with a few large feld-
48.8 (39) spar phenocrysts. TU. M. verges on bophite
‘ ‘ L rather scanty augite, with oligoclase. ’
The amygdaloid niarking the top of this belt varies so in position in the

(Sililgfefgnt sections, that it is hard to explain. Is it near the end of the
et ?

28, T5bd4, 2484-2513.
T5b45, 2513-2569.
Thickness, 85 (67)....................... :
This may correspond to o Total, (1960) feet
T3b40, 2039-2068, Sp. 16492,
'1‘3!)41, 2068-2111, Sp. 16493, a very dark ophite.
Thickness, 72 (57). ’
Compare with TJ2, 807-837.
Also with
T4b42, 2257.5-2305.7, amygdaloid, Sp. 16442,
T4b43, 2305.7-233377, trap, Sp. 16433,
76.2 (60)
Sp. 16643 is a very dark, massive labradorite or porphyrite=—S§
U. M. feldspar is Ab, An;, augite scanty. PP p- 10495

29. T5b46, 2569-2630, amygdaloid, (71).
T5b47, 2630-2684, trap, (54).
Thickness, 115 (91). .. Total, (2051
LA L)oo 2 feet.
As the extra breadth of the amygdaloid belt indicates, t,h(ere m)ay be
here two ﬂows,' or the porphyritic character of the two sheets may have
led more of their contact belt to be classed as amygdaloid.
Compare:
T3b42, 2111-2143, amygdaloid, Sp. 16494.
T3b43, 2143-2164, Sp. 16495,
53 (42)
T4bd4, 2333.7-2416.6=—(83), amygdaloid. No samples.
Compare TJb1, 500.4, TJb2, 28874, T3, 2111, and T4, 2333.7.

30. T5b48, 2684-2708, amygdaloid.
T5hb44, 27082753, trap.
69 (55)
Compare T3bd44, 2164-2198, Sp. 16496.
T3b45, 2198-2247, Sp. 16497.
Thi bsﬁ e
1s probably represents a small part of T4b44, 2333.7- A
and the whole of T4b45, 2416.6-2471.8132(55.2+), Sf) 1644&3.24(.'1);3 1Si).nf64ts4%
there are two pieces, one amygdaloid with thomsonite, possibly T4b44,

mislabeled, the other, a fine-grained, dark purple melaphyre, a diabasic
melaphyre. ’
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The porphyry tuff, jasper bed (see Isle Royale report, p. 74), at 460
feet in T1, seems not to have been noticed elsewhere.

U. M. 16444 is an ophitic melaphyre with large feldspar phenocrysts.

16445 shows low angled andesite.

Compare TJ1, TJ2, 1033, Red Jacket or Whiting shaft of Calumet and
Hecla 1215, T3, 2247, T4, 2471,

31. T5b50, 2753-2796, amygdaloid.
T5b51, 2796-2981, trap.
Thickness, 228 (181) ...... ..ot Total, (2329) feet.
This is the great sheet known as the “Greenstone,” which is the “back-
bone” of Isle Royale, (drill hole VI, 124-363. See Volume VI, part 1.
pp. T4, 126, 128, 134, 244) and is also a prominent ridge, being there much
thicker, probably several hundred feet, with proportionately coarser mot-
tling of augite, just north of the Cliff, Central, Pheenix, and other mines.
It is a type of ophite melaphyre, though in many places as coarse as
many a gabbro. Yet the flow as a whole, contains glassy matter.
This corresponds to
T3b46, 2247-2274. Sp. 16498 is a fine-grained ophite.
T3b47, 2274-2513. Sp. 16499,
Thickness, 266 (212).
Compare TJ2, 1033.
Also to T4b46, 2471.8-2479.4. Sp. 16446, amygdaloid, fine-grained with
small amygdules, zeolitic.
T4b47, 2497.4-2747.2, Sp. 16477. Fine-grained trap with small
amygdules.
Thickness, 265.4 (211).
Sp. 16447 is not at all typical.

32. T5b52, 2981-3020 (or 3000 L. S. M. Institute report).
Conglomerate. The Allouez conglomerate, one of the most important
datum planes of the series, Marvines, No. 15, the Albany and Boston (Pen-
insula and Franklin Junior).
Thickness, 39 (31) ... ... i Total, (2360) feet.
Corresponds to
T3b48, only 6 inches at 2513. Sp. 16500.
T4h48, 2747.2-2754.2. Sp. 16448, U. M. decomposed syenite pebble?
T2, at 1256.
T1, at 876.
Calumet and Hecla, Red Jacket or Whiting shaft at 1656 feet.
Isle Royale drill hole VI., 363-386 feet.
T1, at 670 feet.

33. T5b53, 3020-3061, amygdaloid.
T5b54, 3061-3114, trap.
94 (75)
Corresponds to
T3b49, 2513-2588, amygdaloid.
T3b50, 2588-2629, trap.
116 (92)
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T4bd9, 2754.2-2826.5, amygdaloid. Sp. 16449.
T4b50, 2826.5-2875.9, trap. Sp. 16450, an oplhite. T. M. like
16414, olivine psendomorphs,
121.7
The belt T4b49-50, also corresponds to the next belt.

34, T3H55, 3114-3158, amygdaloid.
T5b56, 3158-3181, trap.
67 (53)
Conipare
T3b51, 2629-2656
T3b52, 2656-2677 *

52

Also

T4h49, 2754.2-2826.5, amygdaloid. Sp. 16449.

T4b50, 2826.5-2875.9, trap. Sp. 16450, an ophite.

1217
The upper belt of amygdaloid is much too broad to be one flow and cor-
responds to T5b53-54, and T3b49 and 50.

T4, 2826.5, is nearly ==T3, 2651=T5, 3061.

35 and 36. T5b57, 3181-3221, amygdaloid.
T5b58, 3221-3320, trap.
139 (110)
This seems to represent two flows in T3, to wit:
T3b53, 2677-2703, amygdaloid.
T3h54, 2703-2720, trap.
43

T3b55, 2720-2742.
T3b56, 2742-2819,
99=142 (113)
Compare
T4b51, 2875.9-2973.8, amygdaloid.
T4b52, 2973.8—32?2.%, trap. Sp. 16452, an ophite, medium coarse.
O
Obviously, in the smaller flows, less than 50 feet or so thick, the line
between amygdaloid and trap is largely one of individual caprice, the
upper flow in T5 and T4 is counted all amygdaloid and in the Red Jacket
shaft the whole interval from 1700-1954 feet.

37. T5b59, 3320-3339, amygdaloid.
T5b60, 3339-3594, trap.
274 (217)
Compare :
T3b57, 2819-2834,
T3b58, 2834-3114.
295 (234)
T4b53, 3050.4-3064.5, amygdaloid. Sp. 16453,
T4b54, 3064.5-3334, trap. Sp. 16454,
284 (225) ‘
Sp. 16454 is an ophite, but has one large feldspar phenocryst, perhaps a
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pre-effusive, or “brotocrystal.” U. M. a medium, coarse-grained ophite
with chloritic interstices.

Compare the ophite (202) feet thick in the Red Jacket shaft at 1754 feet
depth.

This ophite is just here as large as the “Greenstone,” but it has not the
same topographic prominence, which is another indication that the
“Greenstone” (p. 263) is thicker to the north. This is, however, thick
enocugh to be a fairly persistent bed.

38. T5b61, 3594-3630, amygdaloid.
T5b62, 3630-3691, trap.
97 (77)
T3b59, 3114-3144, amygdaloid. Sp. 16509.
T3b60, 3144-3212.6, trap. Sp. 16510.
98.6 (78)
T4b55, 3334 -3358.4, amygdaloid. Sp. 16455.
T4b56, 3558.4-3444.9, trap. Sp. 16456.
110.9 (88)
Sp. 16455 is much decomiposed, dark red with epidote and calcite.
Sp. 16456 is a fine-grained melaphyre. U. M. rather fine-grained.
Compare the belt at 1310 feet in the Calumet and Hecla cross-cut to
Red Jacket shaft.

39. T5b63, 3691-3730, amygdaloid.
T5b64, 3730-3769, trap.
78 (62)
T3b6l, 3212.6-3235 amygdaloid. Sp. 16511, laumonite.
T3b62, 83235 -3270.3, trap. Sp. 16512.
57.7 (46)
T4b57, 3444.9-3458.7, amygdaloid. Sp. 16457, laumonite.
T4b58, 3458.7-3500.7, trap. Sp. 16458, hard, fine-grained.
55.8

U. M. Sp, 16458 is slightly glomeroporphyritic; labradorite not high ex-
angled; augite scanty, granular or patchy; olivine (iddingsite) scarce;
iron oxides abundant.

Sp. 16457 seems to show melaphyre fragments with a red calcareous
cement, and might cover a narrow scoriaceous conglomerate, (?) the
Houghton conglomerate, of the ashbed type.

Sp. 16458 is somewhat glomeroporphyritic.

Compare the amygdaloid at 1218 feet in the long Calumet and Hecla
cross-cut to the Red Jacket shaft, Plate I of Vol. V, Part I, and the feld-
spathic melaphyre beneath.

40. T5b65, 3769 -3783 amygdaloid.
T5b66, 3783 -3784  trap.
Thickness, 78 (67).
Compare:
T3b63, 3270.3-3312.4.
T3b64, 33124-3366.4, trap. Sp. 16514.
96.1
T4b59, 3500.7-3535, amygdaloid. Sp. 16459 hard. U. M. ophite
with feldspar not abundant.
34
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T4b60, 8535-3611, trap. Sp. 16460,
110.3
This is an ophite, red, blotched with enclosures.

41, Houghton conglomerate absent (Marvine’s No. 14) ?

42. T5b67, 3847-3861, amygdaloid.
T5b68, 3861-3885, trap.
Thickness, 38 (30).

43. T5b69, 3885-3912, amygdaloid (possibly a vein breccia).
T5b70, 3912-3971, trap.
Thickness, 86 (68).
Compare:
T3b65, 3366.4-3385, amygdaloid. Sp. 16515,
T3b66 3385 3500 trap Sp. 16516.
133
T4b61, 3611 -3649. S amygdaloid. Sp.16461, light green.
Sp. 16461A
T4b62, 3649.8-3719.7, trap. Sp. 16462, ophite. (March 16, 3860
feet).
108.7
Sp. 16461 A appears to be a vein of breccia. Sp. 16462 is not so markedly
ophite.
The Houghton Conglomerate (Marvine’s No. 14), is due here, and the
blotched appearance of the overlying flow and the breccia may be signs
of it.

44, T5b71, 3971-3991, amygdaloid.
T5b72, 3991-4049 trap.
8 (62)
An ophite, a ‘well 1dent1ﬁed bed.
Compare:
T3b67, 3500-3521, amygdaloid. Sp. 16517.
T3b68, 3521-3578, trap. Sp. 16518, an ophite.
78 (62)
T4b63, 3719.7-3740.6, amygdaloid. Sp. 16463.
T4b64, 3740.6-3794.4, trap. Sp. 16464, ophite.
74.7
In the Calumet and Heecla cross-cut this appears as flow (920-800).

45. T5b73, 4049-4085.
T5b74, 4085-4137.
Thickness, 88 (70).
Compare:
T3b69, 3578-3619, amygdaloid. Sp. 16519, with copper.
T3b70, 3619-3769, trap. Sp. 16520, an ophite.
10 1
T4h65, 3794.4-3837.1, amygdaloid. 16465,
T4b66, 3837.1-3909.4, trap. 16466, ophite.
115.0
In the Calumet and Hecla long cross-cut, this appears as a flow (800—
674—=128x.62=79 feet thick) of ophife with a laumonitic amygdaloid.
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46. T5b75, 4137-4183, amygdaloid.
T5b76, 4183-4232, trap.
Thickness, 95 (74).
Compare:
T3b71, 3679-3733 amygdaloid. Sp. 16521, small amygdules.
T5b72, 3733-3797.8, trap. Sp. 16522, ophite.
117.8
T4b67, 3909.4-3927.8, amygdaloid. Sp. 16467.
T4b68, 3927.8-3979  trap. Sp. 16468, ophite.
- 69.6
Sp. 16468 matches 16522 remarkably well.
In the Calumet and Hecla cross-cut we have a flow (674 to 660, and 660
to BBT, i. e.. 117) (73) feet thick of melaphyre, with a brecciated amyg-
daloid.

47. 'T5bT7, 4232-4254, amygdaloid.
T5b78, 4254-4358, trap. Ophite.
Thickness, 126 (100)
T3b73, 3797.8-3818 amygdaloid. Sp. 16523.
T3b74, 3818 -3898.2, trap. Sp. 16524, ophite.
1004

Sp. 16523 has two pieces, one a well marked contact of two flows. A is
the top of the lower bed, more amygdaloid.

The ophite is massive, chloritic, hard to break.

T4b69, 39794005, (26) amygdaloid. Sp. 16469,
T4b70 4005 trap Sp. 164670, ophite.

This has a quartz epidote amygdaloid (Sp 16469). In the Calumet and
Hecla longest cross-cut it is an ophite with olivine well marked and a
thickness of (539—361418=196, which x 62*122) feet, the amygdaloid
appearing dark red laumonite.

48. T5b79, 4358-4386.
T5h80, 4386-4456.
8 (78)
Compare :
T3b75, 3898.2-3920, amygdaloid. Sp. 16525.
T3b76, 3920 -3970, trap. Sp. 16526, ophite.
72

T4b71.
T4b72.
This in the Calumet and Hecla longest cross-cut is a belt with augite
grains (mottled) at least 2 to 3 mm. across and a thickness of (361—220=
141x.62==87) feet.

49, T5b81, 4456-4525= 70, amygdaloid.
T5b82, 4525-4636—=111, trap. A heavy ophite.
181 (144)
T3b77, 3970 -4008.7, amygdaloid. Sp. 16527.
T3b78, 4008.7-4044  trap. Sp. 16528, called amygdaloid in other
records and really amygdaloid.
T4b79, 4044-4065, amygdaloid with copper. Sp. 16529,
T4b80, 4065- trap. Sp. 16530, ophite.
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This is the Calumet and Hecla cross-cut. an ophite with augite grains
(mottles) at least 3 to 4 mm. in diameter, indicating a flow at least 80
to 120 feet thick, the belt with the amygdaloid being 220 feet wide (x.62=
1435 feet thick).

The amygdaloid is chloritic with a little copper.

50. T5b83, 4636-4662, amygdaloid.
26 (20)
Not noticed in the Caluinet and Hecla longest cross-cut, probably not
present.
T3b81. amygdaloid. Sp. 16531.
T8h82, trap. Sp. 16532, A fine-grained black trap. appropriate to
a thin flow.

51. T5b84, 4662. Calumet and Hecla conglomerate. Marvine's No. 13,
T38b83, at 4183, in T4 at 4393 feet.

The Rest of the Keweenawan Section.

From the Calumet and Hecla conglomerate down to the Kearsarge
amygdaloid, which is the important belt worked by the Ahmeek, Mohawlk,
Wolverine, Allouez (new vertical shaft), Centennial, and Osceola which
has alse been recently opened up by the Calumet, there are a number of
sections,

In Volume V, Part 1, will be found the sections of their long drift in
the foot wall, furnished by the €. and H. Mining Ce. In Volume VI, Part
2. p. 130, will be found a section of the Franklin Junior, which was fur-
nished by Mr. Pope. The long drifts from the Tamarack vertical shafts
over to the lodes also show the section down to the Kearsarge conglomerate
and to within 200 feet of the Kearsarge amygdaloid. A lot of work has
recently been done in developing the section below the Tamarack, which
I trust to take up more fully in the future and will therefore give merely
in abstract for convenience of reference here.

CENTENNIAL.

Calumet and Hecla in cross-cut, 2.33 feet.

1. Amygdaloid, 27 (17) feet and trap; Sp. 16545-16550; 187 (115).

2. Amygdaloid, 54 (33) feet; ophite; 16551-16559; 441 (271) : coarsest
about 174 feet above its base, where the augite mottles are some 6.5 mm.
across; cut by a 2 to 3 foot slip about 266 (208) feet from its base. Com-
paring the various eross-cuts from the Calumet and Iecla, given in Vol-
ume V, we see that either this slip has been the cause of various interpre-
tations of the section according to the degree of alteration produced, or
really is crossing the formation obliquely, so as to give different sections
at different points.

3. Amygdaloid. very much brecciated lamonitic and almost conglom-
eritic in texture for 44 (37) feet,—then coarse ophite, 168 (103); Sp.
16561-16565.

Total from top of Calumet and Hecla to top of Osceola, (491).

In a cross-cut in the 13th level from Tamarack No. 1. it was, according
to R. M. Edwards, 750 (461) feet from the bottom of the Calumet and
Hecla to the top of the Osceola, the records being amygdaleid trap 35,
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trap 145, amygdaloid 50, trap 220, amygdaloid (which is probably a
pscudamygdaloid along a slip in reality) 20, trap 95, amvgdaloid with
copper 40, trap 145, to the Osceola. It is probable that strike faults pro-
duce some of this variety in sections. .

Down to the Kearsarge-North Star conglomerate No. (11) are some
four belts more or (412 at the Franklin Junior)—(481) feet.

This is about 1,000 feet below the Calumet and Hecla. The next 600
feet below the top of the Kearsarge are taken up by about four belts or
flows. often heavy ophites, which are cut by the long cross-cut of the
Calumet and Hecla. This is pretty well down to the Kearsarge amygda-
loid which is one of the most important lodes, being opened by the Calu-
met. the Kearsarge branch of the Osceola, Centennial, Wolverine, Mo-
hawk. Ahmeek, Allouez, and is below the top of the Kearsarge conglomer-
ate about (880) feet. It is not far, about 200 feet, from the bottom of
Tamarack shaft No. 2.

The Kearsarge amygdaloid is the top of a peculiar bed of ophite char-
acterized, as Dr. Hubbard has remarked. by quite frequent long porphyr-
itic crystals of feldspar (labradorite phenocrysts), which appear to be
quite early formed. At the base of this ophite which is about (180) feet
thick, is a sandstone or conglomerate 40 to 60 feet thick, the Wolverine
gsandstone (Marvine’s No. 9), so that the total from the top of the Kear-
sarge conglomerate to the top of the Wolverine sandstone is say (1060)
feet ; going south it may (hin to (880) feet, and the whole thickness from
the top of 11 to the top of 9 around Portage lake may be not over (875) feet.

Below the Wolverine sandstone comes a broad belt which has few
notable sediments and no mines. One horizon has been denoted by Dr.
Hubbard the “inclusion bed,” about 461 feet below. There are some heavy
ophites and coarse doleritic fraps such as are associated with the Ar-
cadian and Isle Royale horizon which is below the top of the Wolverine
sandstone, say (2200) feet.

Not very far below this is an important sedimentary horizon, that of
conglomerate No. 8. This is quite probably the same as the Bohemia-St.
Louis conglomerate which Dr. Hubbard has traced quite extensively in
Volume VI. It seems to mark the upper horizon of one set of acid fel-
sitic flows, such as occur at a number of points and the inferval between
it and the No. 9, the Wolverine sandstone, is perhaps (2750) feet. Tt is
about 5,000 feet up to the Calumet and Hecla.

Below the Behemia conglomerate horizon comes the porphyry exposed
on the Torch Lake R. R. (and shown in the map of Allouez Gap, given in
Volume VI} which is probably at nearly the same horizon as the Mt.
Houghton and other extrusive felsites which Dr. Hubbard has described
out on the point, and the felsite found at the base of the Isle Royale
(Wendigo) section. e do not find these farther south, but we do find a
eroup of conglomerates sometimes as much as 200 to 300 feet thick, cor-
responding to Marvine’s numbers 5, 6, 7, and 8, with perhaps ot}le1°s in-
tercalated, a more careful description of which may be left until later.
However, between the top of conglomerate 5 and top of 8, are about 10
belts around Portage Lake, included in a thickness of about (1000) feet.

Near Calumet the presence of irregular masses of porphyry makes it
difficult to give anyv general figure. )

Below the horizon of conglomerate (5) which probably does not appear
at its ordinary level there is in the long cross-cuts of the Atlantic mine
on Sec. 16, down to (No. 3), the Baltic conglomerate, (2050) feet. The
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flows are mainly heavy ophites with scoriaceous amygdaloids that are
liable to develop normal sediments at very short notice. The Baltic con-
glomerate is the one not far below the Baltic lode or shear zone in the
mines of the Copper Range Consolidated. Dr. Hubbard tells me that
toward the south, the distance between the two increases. But this is
not the base of the formation, which is nowhere visible. Toward the end
of the point there must be exposed below the Bohemia conglomerate,
faulting apart, not much less than 5000 feet, or below the Baltic con-
glomerate (No. 3) level, say (1400) feet.

East of Houghton to Marvine’s conglomerate (1), there is some
2000 feet horizontally, or about the same thickness. There is no real indi-
cation even here that we are at the base of the series or beginning of the
volcanic activity. To obtain any lower beds, however, we must go else-
where. I propose, in the coming year, to have prepared a section from
the Gogebic range (where the Keweenawan is said to be more nearly con-
formable to the Huronian) north, and see if we can find comparable
horizons, and any light upon the base of the Keweenawan. It is, of
course, conceivable that the lowest beds of the Keweenawan exposed there,
may be overlaps of beds far from the base of the series, but that is not my
present belief. There is one comment that I think worth making. From
the level of the top of Tamarack No. 5 to the Baltic conglomerate No. 3,
is about 11,000 feet and there are at least 12,400 feet of beds. Now, the
top of Tamarack No. 5 is by no means the top of the formation, though
it is not far from the top of the main series of traps and the lake shore
traps most likely do not appear here. There is perhaps 1,400 feet of
mixed sandstone and trap above. Then there is the great conglomerate
and the lake shore trap (probably absent), above which Trving draws the
line between upper and lower Keweenawan, that are 700 to 2300 feet thick,
so that there is not less than 13,000 feet of the lower Keweenawan.

Above this is an unknown amount of red sandstone and shale, certainly
not less than 1000 feet, for which Irving estimates 9000 feet. Now is it
likely that the base of the series could ever have been buried 22,000 or
even 14,000 feet at an early date in geological time (when the rate of in-
crease of temperature, unless we adopt Chamberlin’s hypothesis, was
higher than at present and then steamed) without having the augite al-
tered to hornblende as it is around the Mt. Bohemia intrusion for a consid-
erable breadth? It does not seem to me likely. Tt seems probable on this
ground as well as on account of the basie pebbles found in the conglomer-
ates that uplift and tilting took place at several times during the forma-
tion of the series. Onel suspect is about the time of conglomerate 8, i. e,
the Bohemia; another about the time of the great conglomerate, and at the
time of the basic (Nonesuch) black shales there must have been extensive
erosion of the Keweenawan traps.

What the condition of the traps in the undisturbed center of the basin
may be we can but guess. I suspect they will be much like many of the
amphibolites (so-called diorites) of the copper country.

DEEP BORINGS

FOR

OIL AND GAS.




The position of the geologist relative to borings for oil and gas in
Lower Michigan is trying. He cannot absolutely discountenance ex-
plorations with such confidence as he can predict the failarves of coal
explorations outside of the coal basin at Norwood or Detoskey, for in-
stance. XNeither can he promise favorable results with such confidence as
he can promise brominiferous brines, or gypsum or salt. He can only say
that the chances are generally unfavorable, but more favorable in some
places than in others. Not a liftle of my time has been spent in examin-
ing borings and discussing prospects, and 1 thought of making quite a
full report on recent borings something like that in the 1901 report. But
a number of important records are not yet finished and 1 do not like to
break up an elaborate record between two reports. The borings along the
Detroit river should very soon receive exhaustive treatment in the Wayne
county report and may therefore be omitted here. In this region the
results so far are discouraging, as I have already mentioned, with this
exception, that the quarries at Sibleys and at Anderdon, across Detroit
river in Canada, dip to the southwest instead of the northwest or north,
which should be the normal direction of dip. This may indicate that they
lie on the northeast side of a synclinal or monoclinal to a fault, and that
just northeast of them in turn is the axis of an anticlinal running and
pitching to the northwest. The depth of the Sylvania sandstone in the
various wells along the Detroit river indicates the same thing, the depth
being less beneath Wyandotte than either above or below. This, then,
would be the most favorable point to test, but the upward bend does not
appear to be more than 30 feet or so. and the well of the Eureka Iron and
Steel Co. (Van Alstyne) or that of the Fords (Michigan Alkali Co.) have
not shown any noteworthy amounts of oil or gas. The line thus indicated
produced northwest would, however, pass close to a field in Livingston
county where some oil and gas has been found. Here also are oil horizons
known as the Berea. \

In previous reports (Volume V, and annual for 1901 and 1902) I have
ventured to indicate other regions also as more likely to have the neces-
sary structure, to wit: Khagashewing Point on Little Traverse Bay;
somewhere near Manistee; an anticlinal through the city of Saginaw,
probably running a little west of north; one at Port Huron; an area
north of Mf. Clemens, and finally coming up from Indiana a region east
of Niles.

In regard to the Manistee district, Mr. T. Percy is going to do some
testing upon which, with his knowledge of this region and oil ‘wells else-
where, we may depend so far as he goes. A disadvantage is that the drift
is thick, and the oil horizons deep. At Rapid River on the other side of
Lake Michigan, the newspapers report oil to have been struck in quantity,*

1The following is given us as a test of the oil:
Milwaukee, Nov. 4, 1903.

The Cream City Development Co., City: .
Gentlemen:—In accordance with your request I have carefully examined your sample of raw

35
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(estimates ranging from 30 to 300 barrels a day) at 1,000 feet. But as I
understand that the casing was not in order, and that 1,000 feet would
be down in the preCambrian, and certainly could not be above the Pots-
dam, such estimates should be taken with great reserve. The oil may come
by a leak from superficial strata. .

In Muskegon, the Central Paper Co. put down a deep well and kept a
careful set of samples, the results of which are as follows :—

Muskegon well No. 6. Central Paper Co., on lot 1, N. E, 1, Sec. 34,
T. 10 N, R. 17 W.. about 414 miles from Ryerson well.

"Pleistocene.

Band ....... .., 50 50
Red calcareous clay, a little lighter than in

No. 5, 126-200.
Smooth, red, calcareous clay............. 183 233

MISSISSIPPIAN (SUB-CARBONIFEROUS).

Marshall.

Sandstone, greenish, calcareous, very fine
at the hottom, a typical Marshall grit. . 7 310

Lower Marshall?
Shale, dark, bluish, more or less calcareous 315 625
Limestone, a clayey and dolomitic water-
lime, with selenite, like limestones of the

Michigan series ...................... 35 660
Shales, blue, calcareous................. 185 845
Limestone, red and white, fossiliferous. ... 25 870

petroleum from Delta county, Upper Peninsula, Mich., handed to me for physical and chemical
investigation. In the following please find the results at which I have arrived.

1. The color of the same is a brownish black, the consistency is liguid though moderately viscous,
2. Specific gravity of your oil compared with that of other prominent fields:
Your Delta county oil, Michigan, 0.873; Pennsylvania Petroleum, 0.801 to 0.817; Ohio Limay field, 0.816

t0 0.860; West Virginia, 0.841 to 0.873; Russia Bakerfield, 0.859 to 0.871; Beaumont, Texas, 0.904 to 0 926;
California, 0.920 to 0.983.

3. The flashing point of your raw petrolewm:

You will undoubtedly understand that petroleum coming from the well must be safe for transpor-
tation, handling and for storage. Very few petroleums as they come from the well have these
qualifications. All contain a_greater or less percentage of naphtha, or some lighter hydrocarbons
which have a tendency to reduce the flash point and make the oil easily inlammable. Zhe flashing
point of the sample of your raw oil proves to be between 165 and 170 degrees F. which indicates that the
same is perfectly safe jor any kind of transportation as well as for the required storage.

4. Results of its fractional distillation.

Temperature. Percentage of distillate.
Below 150° C. or 302° F...... ... 6.8

150-250° C. or 302-482° F"............... 64.8

250-325° C. or 482-617° F'............... 11.2

8.6 Paraffin and vaseline, and
9.10 Residue, which later proved to be mainly‘asphalt.

The first part (the 6.8%) of the above distillates contained but a very small gnantity of light resp.
volatile hydrocarbons (gasoline, benzine, etc.) while more than 60% of the raw oil proved to be first-
class illuminants

From the foregoing it is clear that the oil is of excellent quality, partly of a paraffin but mainly
of an asphaltic base.

Very respectfully,
FR. RUSCHHAUPT.
Geologist, Mining Engineer and Chemist.
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Coldwcater.
Flags, i. e., blue and green siliceous shales,
with bands of very fine-grained grits, or
sandstone, at times more or less cal-

CATEOUS .\t ivn .., g 530 1400
DEVONIAN,
Horizon of Berea.
Shales, red and green.................... 80 1480
Antrim.
Shale, black, bituminous, pyritic, especially
atthebase............. ..o ... 135 1615
Traverse,
Shale, blue, caleareous.................. 35 1650

I wrote the Central Paper Co. the letter below, and I understand that
further tests may be made. I sent also sample bottles for samples of the
Black Creek or I'ruitport well, but mischevious boys carried them off be-
fore I got them, and the drillers did not keep a record.

Lansing, Mich., Muay 1, 1903.
Central Paper Co.,
Muskegon, Mich,

Gentlemen.—I send herewith blue print diagram of your well.

I presume the well is at about the same height above the lake as the
Ryerson well and about 10 feet lower than the old Mason well. The bot-
tom of your well extends down into the Traverse (Hamilton) series of
blue shales and limestones. A small area of this is found near Milwaukee.
Thus, the easterly dip from across the lake is some 20 odd feet per mile
(1615 feet -:- 84 miles). From your well to the Mason well the dip con-
tinues about the same as that from Milwaukee (1700—11?—1615-:-4).2

The bed of red fossiliferous limestone which shows in your well at 845
to 870 feet is ignored in the old Mason record, but shows well in the
samples fron: the well recently put down near the old Mason well, but on
lower ground, at a depth of 880 to 904 feet. The dip is still easterly but
not so great,—only about 11 fect to the mile. This is guite what we should
expect for we know that this series of beds thickens going east and thins

- out near Milwaukee, and this is just about the dip which would be ex-

pected. Now, although the Ryerson well is not absolutely in the line of
the Central Paper Co. and Mason wells, it is 8o nearly so that we should
expect the beds in it to be deeper than in the Mason wells. This is not
true. This bed and other corresponding strata appear higher in the Ryer-
son well, than in the new well near the Mason well—No. V of my annual
report for 1901.

Accordingly, it I wanted to try further for oil, I should go up the lake,
—say on sections 15 and 16, and see if there might not be an anticlinal in
that direction. The oil sand is, however, so fine-grained that it is not
likely to be a free yielder unless it is struek in some exceptionally coarse

iThe difference in depth to the same horizon minus the differencein elevationdivided by the distance
between the wells.
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spot. It is bavely possible that oil or gas might be found at the point
mdicated as the Dundee,—2100 feet or so down. but this would probably
be of the Canada quality. ' )

1 should like to know the record of the well and the sample of the
Fruitport well put down not long ago. and with your permission, 1 should
ll}ie to send a copy of this letterr to My. Kimball of Chicago. If we recog-
nize that same limestone in the Fruitport well, it will be of COHSidPl‘abTC
advantage. ' /

Very respectfully vours,
ALFRED C. LANE.

In connection with the abnormal elevation of the Ryerson-Hill well
abovg referred to, it is worth noting that as I have myself observed, it
continually exudes some oil. The amount, according to newspupel;1 7re-
port, probably exaggerated, is half a barrel a day. /

DIVINING RODS.

_ There has been considerable activity in exploration near the Indiana
hr'le, not all of it on business principles. Wells have been located on the
witch hazel divining rod plan worked up to an instrument supposed to
be SCIentlﬁc, but which is beyond my science. Manv would ’up and down
denouncq it as a fake and those who work it as fakirs.

I.anx inclined to think, however, in some cases the person using and
havmg bought the instrument may be honestly deluded, and I ?hink
therefore, that it may be worth while to give a descriptiox; of the instruf
ment and its working (the witch hazel and other water diviners are simi-
lar), to show how one may fool*one’s self as well as others, It belongs
to a Q]ass of instruments like the planchette, which are very sensitive %0
{3)011§t010us or unconscious muscular action.” The Assyria well was located

y it.

Two flexible rods of whalebone about a foot long corresponding to the
branches of the witch hazel, issue from a weighted disk corresponding to
the for.k or crotch of the witch hazel divining rod, to the other side of
which is secured a tube (A) containing oil, or some substance which is

Fig. 8. Illustrates divining rod instrument.

supposed to be attracted by the substance in the ground. In working i
the rods are bent until their ends are parallel, as sﬁown in the (;iggi::;rzf ;E
C, and are hel'd one in each hand, the palms turned upward, and the
weight also being upward. In such a position it is clear that }it isin a
very unstable.positlon, and that the weight (B) has a strong leverage
against the grip of the hands which have only the thickness of ﬁle rods ?0

;?rand Rl';)‘pidiql Herald, 11,/1/1904.
ames’ Psychology. My predecessor, Dr. M. E. Wadsworth i i i
3 s . M. E. , published in the A i
'1]' :(Iili%?i'lvs; lfiigs,t ﬁ.gtet:ipéaér;aat;%nf ot.fh tl}e mefchai{mcal action of the divining rod, whicﬁleﬁi)cv?gviiozﬁgles:s’
{ y. X ) e twig fork are supposed to * enter th Y i
side of each fist,”’ and the difference between wrist and finger action is goilgigghggibzgg. the exterior
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work on. Under such circwmstances, by gripping it tight, one can keep
the bob erect. but the least relaxation of grip. und what I think is more
important. a turn of the wrist so slight that I could not in watching my
own wrists detect it, will let the bob over. In fact, the wrist as vastly
greater and easier control than the fingers. Now it is easy to sce from
well recognized principles of modern psychology, that dne thus holding it
will frow time to time either at points where he is otherwise led to expect
oil. or from mere weariness. see it dip, quite unconscious of any co-
operation on hig part. if his attention is riveted on the grip of his fingers
or on visions of oil, and may be led to believe the instrument full of mag-
netic power. No long as water is concerned and no special depth guavan-
teed, it is easy to see that here in Michigan. in alimost all cases it will
succeed. Possibly a little of that “horse-sense” by which animals are sup-
posed to divine the presence of water may linger in some men yet and help
them to guess good places to dig, which guess may be consciously or un-
consciously recorded by the instrument.! But in view of the fact that.
generally speaking, the rocks below ground water level (say 30 feet depth
at most), are saturated with water. it can hardly be believed that the rod
éan pick out what are known as veins of water, which are really merely
more pervious places where the water will more readily flow, and be putled
by them, and not be strongly pulled by the general mass of water. The
same thing applies to oil. There is more or less organic, oily, matter in
most rock, especially black shale. Mr. Wood, for instance, made an an-
alysis of a sample from the Assyria well at 1575 feet, under the direction
of M. A. Cobb, in the laboratory of the Lansing high school. which, though
it is only a student analysis, will illustrate the point. Others will be
found in the coal report, Volume VIII, part 2, p. 105. It is as follows:—

Analysis of shale from 1575-1700 of the No. 2 Assyria well. Oct. 22,

1908.

MoOIStUFe .t F G. 595%
Volatile carbon (largely oil)........... ... .. ... 6.025
Fixed carbon ........ e e . 3.95
AR e 83.435
99.985%

How could a body of oil make itself felt through a belt of rock over 300
feet thick and so saturated with oil and gas as this, merely because it
happened to be in a wore pervicus rock which would more readily yield it?

The Assyvria well went through the Dundee, but no oil to speak of was
found. I did not expect it. A strong brine peculiarly free from sulphates
(Mr. Ware wrote in a letter that he thought he detected a trace of barium
spectroscopically, which would account for the absence of sulphates}),
was found, whose analysis was as follows :—

Ann Arbor, Mich., Oct. 31, 1903.

Mr. Alfred €. Lane,
State Geologist,
~ Lansing, Michigan.
We have just completed the analysis of the salt brine sub-

Dear Sir.

iRemarkable successes have been reported to me. For instance, for Jacob Wood of Farmington,
now living one mile from Grand Ledge; also for C. . Woodbury of Lansing.

i
|
<
0
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mitted to us by you, and find it contains strontium, bromine, and

lithium (spectroscope anal.). A 40 cc. sample contained 1.044 grams

Ca0; 510 grams MgO; and 6.9482 grams chlorine (in form of chlorides).
Very truly yours,
Chemical Laboratory, U. of M.,
Elmer E. Ware.

Mr. Alfred C. Lane,
Lansing, Mich.

Dear Sir-—We beg to report the following analysis of the sample of
brine received from you, from Assyria, Michigan:—

Gravity ... i 24° Baume
Bromine....... ... .. ... . e 0.11¢

We have no means of determining the potash. This being a very diffi-
cult matter to obtain on account of the presence of so much sodium.
Yours truly,
(Signed) THE DOW CHEMICAL CO.,
Oct. 24, 1903. Jas. C. Graves, Supt.

Of course, the believer in the divining rod said that the oil was there but
farther down, in the Trenton, and I advised the secretary of the com-
pany to go ahead down to the Trenton, because they were a good deal over
half way down, and they might as well make the test thorough while they
were about it, in accordance with Prof. Blatchley’s remarks.!

The one thing that I would urge with all my power upon those who
want to take a venture with nature by testing for oil, is that they write to
me or some other competent person, find out how far they are likely to have
to go to meet the various oil bearing horizons, and how much water they
are liable to meet, and accordingly how many times they will have to case
and reduce, and decide before beginning how deep they propose to go7
before quitting, and begin with a hole large enough. Otherwise, before
they have reached the Trenton, if that is their goal, they may have so
muc!l water and so small a hole that progress becomes practically im-
possible; a very unsatisfactory conclusion. It is much better to begin with
a little too large a hole than a little too small, as there are a number of
heavy flows in Michigan strata.

_ Then if they want to use divining rods or similar machines or spiritual-
istic m_edla, to precisely locate their hole, which T do not pretend to be able
to do, it is at their own expense, and they will at least have the satisfac-
tion of finding out whether they are right or not.

) I may, however, say in general, that so many holes have been put down
in Michigan with such ill success, that testing for oil is no enterprise for
people_ who have not money to spare, and that to test for oil and sas
planning only for a single hole, is about as absurd as for a farmer t(;
organize a company to put down on his place one test hole for coal. The
successful coal companies have put down holes by the hundred, only a
small minority of which have shown workable coal. The state will be
very fortunate if the results are.no worse in the matter of oil and 2as.

The following remarks of Prof. Blatchley are applicable equally to

INext page.

ANNUAL REPORT FOR 1903. 279

Michigan, with the exception that a boring as far as the Corniferous
(Dundee) may reveal whether or not the structure is favorable:—

“Shallow Bores in Central-Southern and Western Indiana.

“Investigations carried on during recent years in the central-southern
and western portions of Indiana, and records of many bores which have
been sunk in those regions, have led me to believe that the majority of
drill holes sunk there in in search of gas or oil failed to reach Trenton
limestone, the rock formation which produces the most of the gas and oil
in this state. This failure to sink the bores deep enough was due to
several causes, chief among which is the great difference in the strata
overlying the Trenton limestone in these portions of the state from those
overlying the same formations in the main gas and oil-producing areas.
In the latter areas the Niagara limestone of the Upper Silurian age and
the Hudson river limestone and Utica shales of the Lower Silurian, are
the only formations to be pierced by the drill between the drift or surface
and the oil and gas-bearing Trenton. In the central-southern and western
portions, especially the latter, a number of formations which are wholly
absent in the main gas and oil field intervene between the surface and the
top of the Niagara limestone. The drillers employed during the gas and
0il excitement of 1887 to 1895, to sink the bores in these regions were,
for the most part, from the gas fields. Their knowledge of geology was
small, and in many instances, after passing through a shale which re-
sembled the Utica, and which they doubtless thought was that formation,
they called the underlying rock “Trenton limestone,” and soon abandoned
the bore as barren. The shales which they had pierced may have been any
one of a half dozen carboniferous shales, or, what is more likely, the
black (enesee shale, no one of which occurs in the main gas field.

“In a number of instances in the southwestern counties, the Cornifer-
ous limestone, which in places is oil and gas bearing, was not even
reached, though it lies 900 to 1,200 feet above the Trenton. Wherever a
bore was thus abandoned without reaching the Trenton, all the money
spent was wholly wasted, there being neither negative or positive results.
Moreover, much territory was condemned as non-productive without being
given a fair test.

“If the earlier bores had of a certainty reached Trenton and proven
barren, then negative evidence would have been available. The one fact
which I do wish to impress upon the citizens of the regions mentioned, is
that much of their territory has not been properly tested. Amnother and
more important reason for the statement is to induce companies who sink
future bores to see to it that nothing stops the drilling before the Trenton
is reached, or, rather, before that formation has been pierced at least 75
feet. Beyond that depth there is little probability of finding either gas or
oil. A contracting driller of experience can easily and without great ex-
pense case off any salt water which may give him trouble. An accurate
record of the thickness of each formation passed through, together with
a small vial of the drillings of each, will aid much in determining the
horizon which the drill is piercing at any depth, and such records and
samples should always be kept.”

Another important feature in testing for oil and gas (or in fact any-
thing), is to have enough capital to give a proper test. A weakness of
many, if not most, developing companies is that the stock is sold so low
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that qf‘((?l' the promoters’ and organizers’ stock is taken out and selling
comunissions subtracted and allowance made for the fact that not all thz
treasury stock will be sold, there is not enough working capital to really
do much. even if there are no salaries to the officers. Mr., F. A. Cook of
the Niles Stav was goed enough to keep a caretul record of a well drilled
iI‘T M]vs: by the Niles Oil and Gas Co.. the record of which is given below.
The business record of the company will also be found in the files of that
paper for March and April, 1903, (see especially issues of April 6, 11, and
14). but as it is not geological. even though there may appear to have been
something subterranean about it, it will not be fit to introduce here. The
only interest the geologist. as such, has, is in noting that explomﬁoné on
that basis ave not satisfactory to anyone. There has been no exploration
of the Trenton in the southwestern part of the state, with the possible
exception of one hole at Dowagiac. o

Southwestern Part of the State.

This district was discussed and a sketch map given in the annual for
1901, and contours of the base of the Devonian Elack shale given. Tlcl)z

NILES,¥iles 0il and Gas Co 1903; record and rom F.W. Cook and “Daily Starr”
i re samples f; . ¥
Depth s9z.5feet

Tn the references to other wellsthose 14 velume ¥ of the reports of the Geologi
cal Survey are cited by the numbers of the plates,-Benton M&rbor,VTI-Constnntine
XI,SouthBend LXIV,Niles XLIV ’ .

Geclogical

Formations Record of sirata pierced compiled
and Jrom samples.
Compor 150ns a%‘w
of wells.
Surface
R 91 tc 91 vend i
o ellow impure sand(All the samples of th
@ : e
- ',t_ g:ﬁ;zé’;czg%cgﬁggi;;‘: down to 125 feet are more
w o
= ¢ 8 12 103 Fine gravel((orpedo sand)with water
S a W
o © T
2 . g 79 1BZ Tillfor boulder clay,sand ond gravel mexed);
—_— -
TR § By
3 < claye
3 1 2?6 Clay, 4 frit-free, calcareous brown
265 Coarse sand.
20 285 Black shale, bituminous, very slightly calcareous
z (not so black as below) |
E
z 136 421 Biackshale, brtuminous.
VIL, 475
XI,703
AXTV! 563
ALV, 260

§ I 141 562 Blue colcareous shale.
2 b
[=} >
3
&
XLIV goo 13. ggg Light-colored Limestone(nearly pure CaCOgl.

A\t

596 lo s5g2:5§ Lightly darker,and mere ?
(i th o1 and” SoYe50 8512,

L - —_—
«FIG. 8. Niles Well.

anticlinal indicated as running northeast from Grangers, is apparently

the Kankakee uplift of the Indiana geologists. S ’

Dunpee
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The record of the Niles well is given in the cut above. It will be
noticed that the elevation of the base of the Devonian black shale (the
Corniferous or Dundee horizon is within the next 200 feet below) agrees
with the map fairly. This well was on tlie Baumann farm, about a mile
west of Niles. The elevation is probably about 660 A. T.—at any rate
between 646 and 680 A. T.

Of this well a proper record has been kept (thanks to Mr. F. W, Cook),
and returned to this office.

The following data on this district have been gleaned from news-
papers and correspondence. A well at Dowagiac was recorded in Vol-
ume V of our reports, Plate XVI to 1760 feet. An interesting editorial
in the Dowagiac Herald (9—18. 1903), sayvs that it was continued to
2,200 feet by a stock company, i. e., probably to the Trenton and later put
down 500 feet or more by Mr. Beckwith, and encountered only salt water,
no oil, but on application to the Beckwith estate, we are informed that the
record of Volume V ig all there was. A good record of this well would be
of great interest. We may suinmarize as probably :—

DOWAGIAC.

Pleistogene.

Surface, sand, clay, till............... .. 200 200
Coldwater.

Blue shale ........ .. ... ... ... 82 282
Berew or Bedford horizon. .

Red shale (land surface belonging to

Antrim?) ... 12 294

Antrim. ‘

Blue shale and sandstone. .. ............. 346 640

Brown and black shale. ................. 125 765
Traverse.

Dark Dblue, shaly limestone.............. 110 875
Dundee.

Light limestone, not dolomitic. Salt water 125 1000
MHonroe.

Gypsiferous dolomites (anhydritey....... 325 1325
Niagara.

Light colored dolomitic limestones....... 345 1680
Lorraine and Utica.

Blue shale (possibly Rochester shale). ... 40 1700

Dark limestone ........... .. ... .. c.... 60 1760

(Uncertain.)

Shales, blue, black, and calcareous, prob-

ably t0 ... 440 22007
Trenton and Lower strata............... 500 27007
36
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This is a little different from the division in Volume V.

The Umbholtz Oil Co., Geo. 8. Green, President, bored a well on the Um-
holtz farm about 8 mlles north of Nlles and 4 from Buchanan, striking
through black shale into oil and gas at 618 feet, stopping at 620 (or 62 0)
feet,* close under black shale (amount unknown)

They started about Oct. 20th,” and were down to 250 feet Nov. 12. By
Dec. 1 they were down to 565 feet. At 138 feet it was reported that thev
went through 7 feet of what proved to be dolomitic pyritic rock. The
brine, which followed the oil was analyzed at Northwestern University.

WHITE PIGEON.

Near White Pigeon a well was put down® by the White Pigeon Oil and
Shale Gas Co., cased as follows:—

140 (?) feet 10 inch
220 feet 8 inch Total, 360
345 feet 6 inch Total, 705

It was shot at about 765 feet, July 15, without effect. It was down 250
feet on June 19, and was drilled about 800 feet in all. The last 80 feet
were probably the Dundee (not Trenton) limestone.

I have to thank the treasurer, Mr. IEd. Roderick, for a careful and com-
plete record and set of samples.

Elevation about 10 (?) feet above Lake Shore and Michigan Southern
station at Constantine or about 800 feet A. T. Compa] e the well at Con-
stantine reported in Volume ITI, Part 1, p. 93. and in Volume V, Part 2,
Plate XI. The location is near the northwest corner of the northeast 1@
of Sec. 22, T. 8 8,, R. 12 E.

Pleistocene.
Sample 1. Quicksand, fine silt..... e 120 120
Sample 2. Gravel, ¥;-inch pebbles (lime-
stone, chert, quartzites, dark traps).... 20 140
130 feet of 10-in. casing shutting off fresh water.

Sp. 3. Clay, blue calcareous............. 42 182
Compare surface to 93 or 136 feet in the Constantine wells.
Coldwater.

Sp. 4. Shale, blue non-calcareous........ 31 213

Sp. 5. Quicksand...................... 28 241

Calcareous and from the varied character of ity grains, evidently a
glacial sand, which must come in from some vertical fissure traversed by
the drili, and yet is peculiar as being in very nearly the horizon of the
Berea grit which yielded a strong bune and gas from 283 to 383 in one of
the Constantine wells, while in the other it seems to have been repre-
sented by 15 feet of red shale, from 286 to 301, while in this well it is not
to be recognized at all. This variety in record is probably due to an un-
conformity at the base of the Carboniferous, and the red shale which

lNlleq Star, Dec. 12 and 14, Lebters Nov. 12 and 18, Buchanan Record, Dec. 15, 18, 1903, Feb. 2, 32,
1904, ““ Soo " Ev. News, 3/1, 1904

2Buchanan Record, 10/16/1903 Dee. 1, 1903.

3Saginaw News, 7/1:) 1903; Niles Sbar 6/19/1903 Constantine Adv.-Record, 7/8/1903; Free Press, July

15, 1903.
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appears in various records in this corner of the state may be due to the
weathering and oxidation of black and green shales beneath an old land
surface.

8-in pipe driven into No. 5, 9 ft., i. e., about 220 ft. in all.
Sp. 6. Shale, dark blue, probably in part
Antrim, belonging with the next division 224 465

[ 4
DEVONIAN,

Antrim shale.
Sp. 7. Blackshale.............. .. .... 108 573

This apparently corresponds to the base of the dark shales at Elkhart
between 375 and 350 feet down, and in the first Constantine well record
the red calcareous shale immediately underlying is counted in, and 211
feet of shales given between 492 and 703 feet. Couespondm@ horizons are
found about RO feet deeper at Constantine.

Traverse formation.
Sp. 8. Red calcareous shale............. 32 605
Very calcareous, gritty with a few large grains of sand and some crin-
oid buttons.
Sp. 9. Soft blue limestone.............. 78 683

This formation was apparently not separated off in the Constantine
records, but its base and the top of the Dundee is probably nearly marked
by the brine and sulphuretted hydrogen which occur at 790 feet and cor-
respond to the horizon of the “salt sand” from 696-711 feet here. The red,
gritty shale at the top may also mark a time between the Traverse and ‘
Antrim as here developed, when there was a land surface here. The pale- :
ontogist Schuchert' assumes that there was a neck of land here at about |
such a time, and the more recent Niles and Dowagiac wells show a greater j
thickness of blue calcareous shale with no red shale mentioned, while
from Coldwater and Elkhart no Traverse is reported. The Niles well in ;
Volume V gives us from 415 to 500 feet very similar strata. :

Dundee.
Sp. 10. Missing. Said to be similar to i
those below ....... .. ...t 13 d

Sp. 11. Limestone, very white, clear,
fiercely effervescent in acid, leaving a
little quartz sand residue.............. 15 |

“Salt sand,” here a brine was struck which
filled up the hole about 400 feet, no .
casing done when the well was shot.

Sp. 12. Five samples, all yellowish,
fiercely effervescent limestone with a lit-
tle quartz and microcline sand and more
chert ......oiiiiiii e 45

At bottom, “oil sand”................... 73 756

tAmerican Geologist, September, 1903, p. 149,
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Sp. 18, Limestone; record says “blue
shale.” but sample is a coarsely chipping,
fiercely effervescent, somewhat darker
limestone. stuck together with gvpsum,
possibly from the brine....... ... ... ... 7 763

The well was torpedoed here, but as it was not a dry hole it was not a
fair test.

An interesting thing is the irregularity of the Berea grit shown by this
and adjacent wells. T think that a well might possibly strike gas in this
formation, enough to be valuable, if placed so that it could be used near
by.
The base of the black shale is at abont 227 A. T. At Constantine it is
about 137 A. T. At Elkhart it is perhaps about 205 A. 1., but the record
and elevation are uncertain. At South Bend the base is at 375 feet A. T.
It is apparent that the dip from this well to Constantine is pretity sudden
and that the contour of the figure below, repeated from the annual for

CONTOURS OF (ANTRIM) - ,077547’
DEVONIAN BLACK SHALE 52707
ABOVE SEA-LEVEL (A. T.)
& IN SOUTH WESTERN

MICHIGAN.
A, C. LANE, 1900

‘20047
= T/‘Z,ree Oiﬂ/rs et e

Fig. 10. Sketch of contours of the base of the black shale. {Repeated from annual for 1901 and not
quite right. ,

1901, should continue on further to the east instead of turning sharply
south, and then if the Elkhart record is right, there must be a sharp drop
(fault?) along a line running between South Bend and Elkhart, and
passing east of Constantine and White Pigeon. One or two more wells
in the south part of St. Joseph county, ought to cost less than $2.00 a
foot for less than 1000 feet and might develop something of interest and
value. There has been some falk of a well at Sturgis. T do not, however,
advise planning to go down to the Trenton until we know a little more
about the lay of the upper formations.

At Granger, just over the line in Indiana, a well was put down over
350 feet.” The Bridgman Oil and Gas Company,® has started to put down
another well at Bridgman. The old well put down over 20 vears ago,
went about 100 or 175 feet to rock, 50 to 130 feet in rock. probably the
Devonian shales (compare the Berrien Springs record), when a pocket of
gas which burned some time was struck. The new well has the following

1Niles Star, 6/19/1903.
?Benton Harbor News, 9/2/1903; Benton Harbor Daily Palladium, 8/31/1903.
South Haven Sentinel, 7,2/1903.
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record, most of it reported through the kindness of R. J. Stahelin and
G. W. Bridgman.

BRIDGMAN,

“Record of the Bridgman Oil and Gas Co.s well, located about 40 }"ods
south of depot. on ground about 3 feet lower than railroad track, i. e.,
636 A. T.—May, 1904.”

Pleistocenc.
Feet. Feet.
Sand ... 3 3
Clay, sticky ........ .o i iin, 100 103
Sand, fresh water?........... ... . ... 5 108
Clay, DIUe ..ot 50 158
Sand, some fresh water................. 5 163
Clay, blue ..o .. .o i 40 203
Sand, fresh water...................... 20 223
Gravel, cement .............. ... . ... .. 5 228
Clay, blue, waxy...............ovvi.... 30 258
Coldwater.
Clay (really shale), big break............ 50 308
Antrim.
Brown shale, gas near top, scum on water
after striking gas..................... 200 508
Dundee.
So called Trenton, bastard.............. 5 513

Samples 5200 to 700, Hmestone with echino-
derm fragments, quick effervescence.

Salt sand . ..... .. . il 25 538

Brown sand, salt water here rising nearly
tothetop.......ooo i 25 5()5

Trenton, porous, drilled nice............ 200 763

Salt water at bottom of this 200 feetf, with
traces of gas above.

Monroe.
Sample at 768 a gypsiferous dolomite.
Water stands 600 feet deep in the well. .: 5 768

Total.....oovvvnron... e ) 768

“The above report was given me today by one of the workmen who is
still here. It may not be quite accurate, but th_ink it is as near correct
as it can be had, as there was no record kept while drilling.”

A company was also organized to operate near Galien, but Mr. Loomis,
who was also connected with the Niles Oil and Gas Co., g.bove referred to,
was interested in it, and nothing seems to have come of it. Mr. J. J. Cal-




286 BOARD OF GEOLOGICAL SURVEY.

lendar, the same who located the Assyria well with his “instrument,” is
reported to have located the ¢il.?

The Assyria well, 917 A. T., might be treated in this connection, though
it is in some respects more allied to those of the central district. It is
the one I referred to as having been located by a modified divining rod.
Through Mr. Geo. D. Conner and J. J. Callendar I have received a good set
of samples and I also visited the well to get the elevation and tempera-
tures. It was to be put down further in the spring of 1904 and the record
is postponed, so that it may be given complete. The Berea—Bedford red
shale was from 1400-1450 feet, and the Traverse from 1810 to 1875 feet.,

About 134 miles east of the corners another well was put down in 1899,
of which, in spite of various endeavors, I never was able to get a satis-
factory record. T did, however, meet the driller, Mr. John Brogan, at Mr.
Stearns’ well in Ludington, and obtained some of the data from him,
The bottom of the black shale, top of the Traverse or Dundee, was at 1875
feet. This is quite a little lower than the other well,—about 870 A.
T.on Sec. 14, T.1N,, R. 7T W.

The Milan well reported in 1901 was deepened and the record now runs
from samples as follows:—

MILAN
Pleistocene .......... ... . i, 130 130
Traverse.
Blue limestones and shales.............. - 168 298
Dundee.
Limestone ............................. 97 395
(About 100 feet less in depth than at Britton.)
Monroe.
Lucas.
Dolomite, gashed or acicular® at 395, 415,
ete. .. 35 430
Gypsiferous dolomite ................... 25 455
Gypsum, mainly ....................... 80 535
Sylvania sandstone, pebbly at base....... 288 823
Tymochtee?
Calcareous shale .................... ... 7 830
Dark, oily dolomite, H,S water.......... 15 845
Cherty dolomite ....................... 55 890
Dolomite, blue, with mineral water at. ... 890
With some black specks mixed......... .. 100 990
Blue clay shale....................... .. 5 995
(Compare Britton 1015.)
Dolomite (at 1025 to 1100 anhydrite, also
at 1210 and 1275) ................. ... 305 1360
Red, then blue shale.................... 100? 1400
Brown, oily dolomite—fine laminated. ... 75 1475
Dolomite ................. ... ... ..., 65 1540
Rock salt ............ ... ... ..., 5 1545

1Port Huron Times, 6/6/1903; Detroit Journal, 5/16/1903; Buchanan Record, 12/15/1903.
?It has recently been suggested by Kraus in Science that these gashes are due to dissolved
crystals of celestite.
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Niagara ?

Dolomite ..o i e 98 1643

Of a well on the farm of Uriah Arnold near Clinton, Sec. 2, T. 4 8, R.
3 Ii., we have learned only that they struck little if any oil, but a strong
brine at about 1000 feet. o )

This seems to be as far south as the rock salt occurs and it is 1nterest1pg
to note that here, as in Ludington and other points, the rock salt at its
greatest extent occurs close to the base of the formation, and the higher
beds ocecur only near the center. The total thickness from the.base of
the Sylvania to the base of the rock salt is 722 feet, the brown,.m’ly dolo-
mite above being nearly the same as at 1500 to 1550 fe.et at Britton, and
the Niagara, the typical white Guelph coming immediately below. .

Around in that region shallow wells, as already remgrked by Sherzer
and myself, are very likely to find small amounts of oil or gas of local
value only. At Britton, where a deep well was reported on in 1903, on the
lot of John Wiggins a well for water at 90 feet struck a pocket of gas,
the glow of which when lighted, could be seen in Tecumseh. How muc_h
was wasted before it was controlled I do not know, but the pressure is .

" said to have increased since,? from 35 pounds per square inch to 41, which

is probably about the hydrostatic head. I .Would .a‘gain call a.ttention to
the probable value of such modest wells, their relatively s.hgrt life, and the
possibility that in the ordinary way of accidentally striking them, thou-
sands or even millions of cubic feet of gas may be wasted before they are
controlled.? )

In this connection it may be well to introduce a comparison of nearly
equivalent formations and names in Michigan, Ohio, and New York, as
used by Prosser* and Clarke and Schuchert.?

1Detroit Free Press,g)/é%éla()&l) 5/21/190
2 i i 6/22/1903, Free Press, f . .
3335?; %‘llc?v?sc;un/of zas was struck at Halfway near Detroit at a depth of 460 feet, News and Free
03, .
Pi%‘skfé%sgrfeiclature of the Ohio Geological Formations, Journal of Geology. Sept.-Oct., 1903, Vol.
XI, No. 8, pp. 520-521.
5 American Geologist, Feb., 1903, p. 118.
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Port Huron District.

In regard to this district, C. H. Gordon has made the following report
in addition to that which he prepared last year. We have also records
from the Port Huron Salt Co. and the Diamond Crystal Salt Co., which
will find an appropriate place in treating of the salt formations, and in
connection with the Detroit river wells.

Valley Center, Mich., Aug. 9, 1903.
Dr. A. C. Lane,
Lansing, Michigan.

Dear Dr. Lane.—Two wells have been put down in this vicinity, reports
of which interested me, and I made inquiries, the results of which I send
you herewith. .

1. Brown City well. This well was put down recently to secure an
adequate supply of water for the use of the village. It is located near the
depot (Elev., 812 A. T.)* and stopped in sandstone at a depth of 227 feet.
The thickness of drift passed through was 180 feet, consisting of clay and
“hard pan” to within a few feet of the rock. The space between the
“hard pan” and rock was occupied by gravel as at Valley Center? and
elsewhere, but was not so full of water, which was found in abundance
in the sandstone below. This shows that the drift is not so thick here as
previously supposed. In our report, the only information we could obtain
was to the effect that the Harrington well, located within a hundred yards
of the new well, was sunk 212 feet without reaching rock.* The papers
reported that copper and silver had been struck in the new well. On in-
quiry I learned that what was regarded as copper was found in the gravel
bed overlying the sandstone. It occurred in small particles associated
with a white metal taken to be silver, the latter quite rare.* My informa-
tion was obtained from the president of the village board. Water stands
within 11 feet of the surface in the well.

2. Graves well. This well is a drilling made for water on the farm of
G. Graves, 134 miles south and % miles west of Valley Center in the N.
E. 74 of the S. W. 1} of Sec. 34, of Maple Valley Tp., T. 9 N., R. 13 E.
In this well it is claimed that hard coal was struck at a depth of about
114 feet which the drill (a light affair) would not penetrate, being broken
three successive times. On losing the drill head the drillers attempted to
break up the rock and get the lost drill out of the way by dynamiting, with
the result that the casing was broken and the well lost. A second and
third attempt, each at a distance of six to ten feet from the first met
with the same result. The fourth hole is now down to a depth of 104
feet but no drilling is being done owing to a press of other work. The
record of the drilling as given me by Mr. Graves, is as follows :—

1Report on Sanilac county, p. 5, Vol. VII, Part 3, Mich. Report.
2Ibid, p. 11.

3Report on Sanilae county, Vol. VII, p. 10.

4It may have been bronze and white mica.
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] R PP about 70 feet
;. (I;Iljgd pan e about 30 feet
3. Gravel with water coming to the top...... about 7 inches
4. Soapstone ......... .. ioiieiieiiin about 4 or 5 feet
5. Stone, hard to drill........ ... .. ... about 8 or 9 fﬁet
6. Gravel with water.......... REEERERRREERRERES 4 inches
7. Hard coal. Very hard to drill. Could not

make more than 3 or 4 inches a day. Broke
the drill each time. Penetrated about 10
or 11 in,

ADOUL. v e et i iiiii e e e . 114 feet, 10 in.

s GT says there has been no hard coal about the place for a long
tinlzg ;11(115 2ilveesis 0% the opinion that it could not have been put in frgtm tNh§
top. Kach night the hole was covered and a heavy weight pu;t1 over1 11 . e
motive can be suggested for “salting” the wgll. ‘The loss of t f \zve 8 ?1 s
entirely on the driller who contracted to furnish a satisfactory ]Zve At
$1.00 per foot. In one of the holes he says a coal seam was struc ’?0 ne.
what higher than in the others but the main bed, if such it 11? Wasb 01%E nd
at the same level. I send you specimens of the coaly brought up by
drill. There seems to be no question of its being .anthraqlte.‘ that some.

I give you the facts as he gave them to me. My impression is that so

| one is trying to “do” the driller, possibly to even up an old score.

Very truly yours
YUY Sianed) ©. H. GORDON.

Central Part of the State.

. . | . i

ill be remembered that in previous reports' I have mentioned an
c]ig;l“s’ as probably existing in the central part of the state, 1an1d’p(:11131tei(;
out that one probably passed through .Sag_maw (Wlle?r BI’O‘E hers z\_ e -
néar the crest), but was not able to give its course. The pr ﬁ)s;e(i[\}ll 1osn of
coal mining and exploring makes it more and more probable t 1La the a;;,l .
naw seam, 180 to 190 feet beneath West S_aglnaw runs up in 3‘ etsathe
mine at about 155 feet south of East Saginaw. Again, accor glg 0 the
reports of Mr. Chas. Page, the well of the Monitor Oil and‘Gais bl0. l(;p the
S. W. 14 of the 8. W. 14, Sec. 26, T. 14 N, R. 4 E,, considera yO ig e

(605 A. T.), than the South Bay City well,2 582 A. T., ran some 30 to

th.

fe(;i[thfsgp(i)eeg Marshall is said to have been from 800 to 930 feet. hAl 1samq%)ﬁe
of fine grained, red sandstone at 1050 looks like lower Marsha g le
tools got stuck at 1700 feet, but this and other records bring ?ut d earty
in a section prepared by Mr. Cooper for his Bay county report, aln tm‘éhl.
clinal between Bay City and Midland. It is pl’ot{able, therefo.rle, tha . (E
Saginaw anticlinal ran rather nearly nqrth, passing 3 or 4 ml.e?1 weih 0
Kawkawlin, at which town corresponding strata are much higher than

in Bay City.

1Vol. VIII, Part II, p. 176, Annual Report for 1901, pp. 211-237.
2Annual for 1901, p. 224.
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LIVINGSTON COUNTY.

There have been pronounced signs of oil and gas discovered and quite
an oil excitement recently in the northwestern part of Livingston county®
near Fowlerville. I have also some records of a well near Morrice, which,
though incomplete, are interesting, and seem to indicate a well marked
anticlinal at least down to the Berea grit. This occurs according to J.
J. Mason, at Columbiaville.(764 A. T.) at 1500 feet, 90 feet of sandstone
full of brine; at Flint (723 A. T.) possibly at 1200 feet depth; at Black-
mar (610 A. T.) at about 1675 feet depth. On the other side of the
basin it is absent, but its horizon apparently occurs at Jackson at 1400
feet depth, and at Assyria (917 feet A. T.) at 1400 to 1450 feet depth and
at Charlotte at 1680 feet depth. But between we do not find the Marshall
and Berea deepening as might be expected. It is possible that the deepest
well at Lansing reached it at or before 1400 feet.

There was a well put down by C. W. Gale in the 1860’s close to the
Looking glass river (850 A.T.) on Sec. 25, 1. 6 N, R. 2 E., of which we
can get a record only from memory, that it was about 1100 (1135) feet
deep, that at the bottom a strong brine was struck of which a sample was
sent to A. Winchell, that it did not smell of sulphur, that this brine
flowed and that a little oil used to show on the river, that much black shale
was traversed and also a lot of “blue clay.” The first casing was 45 feet’
to rock, which was sandrock. At about 100 feet a second casing was put
in and at 600 feet a seed bag was put in o0 as to use the top water when
it was decided not to use the brine. The top was drilled wet and water
was never over 10 feet from the top at any time.

This sort of a record with so much blue and black shale suggests the
Coldwater and Berea or Antrim shale, as does the Durand well given in
Volume VITI. But if this sandstone and brine is the Berea there can be
but little doubt that that of Jason and Shumway is also, who put down
a well northwest of Fowlerville on the farm of Mr. Grill on Sec. 17, T. 4
N., R. 3 E., about 1000 feet A. T. The record of this is given as follows :(—

Well on Sec. 17, T. 4. N., R. 3 E., about 945 A. T.

Surface to rock (8-in. drive pipe)........ 95 95
Slate (at 120 feet oily at the house) . ... .. 35 130
Shale (gas at 155 feet)................. 63 193
Gray sand (dry well from 200-600 feet) . . 25 218
Brown shale (gas at 380 and 600 feet). ... 382 600

8-in. hole for 587 feet, cased at that depth

with 574-in. casing.
Coarse gritty sand with salt water....... 200 800
‘As analyzed, filled the well, and slowly

oozed out in spite of a plug, with bubbles

of fuel gas, and a temperature of 65°.

Black shale ........................... 20 820
Brown shale .......................... 150 970

Though full of salt and plugged there was a constant leakage of gas.
This coarse sandstone full of a very strong and pure salt brine at so shal-
low a depth, must be either the Marshall or the Berea. But the Marshall

1Free Press, 5/17/1903; also 5/23/1903; 5/30/1903; Fowlerville Review. 10/16/1903; South Lyons
Herald, 5/15/1903; Detroit Tribune, 5/26,/1903, with photographs; Lansing Journal, 5/23/1903, 11/4/1903.
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iat i ile the Berea is. In that
i ally associated with black' shale, whi : 1 that
ésalsx(lzoihltleig must be a marked anticlinal u'p1111ft’ wh;c? alsczc %191?%)?11111&
1ls at Durand and Howell, which were interpreted 1 -
%;III?ES g?rzv% Sas the Coldwater. Thé recent well at Holly shorwedl ap
arer’ltlf mafnly Coldwater shales. ‘What becomes of the Marsﬁal 1s1
guite ailuestion. It may be that this uplift, like (()ith'erséogtlrgei:dt?eges“fiti cg}:ie
"¢ ids series, and 18 ;
measures, but not the Grand Bap1 es, and 1 pdeni R
] 1v d Mississippian systems,
break between the Pennsylvanian an o e aood part
g y the coal measures and the Coldwater w g
gltehél? Cliiost %%tgi)es??ed or eroded away. The sands{orllﬁ at t%ia base;ﬁ {c(}l;ecgozli
‘ I g isti ishable. he prev
res and Marshall are hardly (}hstmgms ha "e P!
gi‘?&xsrlrll and black shale in these well% 1?) lmo’c unf?gogar}féitf?\irezltl.and couth
If this is right, the anticlinal proba Y VIU‘II ] o e ol 15
irection from Laingsburg. Moreover, we may
fl?(?;[t (}H{elv to be found 01? its northern and southern flanks. e have been
Beside the well above mentioned, twﬁ relat§¥7e11,§ftsllfaalﬁﬁzvog% SE \{/4 e
6 miles away on the Henry White n N. I .
gu’%ﬁdo?zv %abﬁutet K. The shooting of the second w%s Wltf?()esfsi% (l)agfonclg
ssistant, Mr. ' g Vov. 3, 1903. It was down e .
t, Mr. W. F. Cooper, on Nov. 3, Itw !
%SSlﬁains 40 rods south of afn earlier well which is said to have had salt

water. The record as given, is as follows:—
Fowlerville 0il Well.,
Two miles south and 234 miles east of Fowlerville in the N, E. 14 of
Sec. 6, T.3 N, R. 4 E.
Pleistocence.

L) R EEEE R 30 ig
........................ 0 d
SANA + it et et 5 i
GrAVEl ottt e e . o
ST T T S o 2
ghrl]?lday = 10%3
2 11 16 A A I R 2 10
GrAVE]L © et o5 10
Sand and gravel. ... ... ..o 2 1o
SandroCK ... i e

Blue shale with oil and gas, the flow being
about 14 barrel per day...........c....
Dark sandstone at 157 feet.

]
@
-t
=)
[er]

: : r till.

60, 70, 80, 95, 120, very effervescent clay )
é&lllmfallgsplfe;m 60 ’to 120’1 sh’ould class as calcareous clayltlll, z:rﬁu} a
samplepat 157 as a dark sandstone. This well might pump L4 barrel a

day.

This may be the best place
at Mt. Pleasant, and two or
to make bromine and salt. T
and draw from the same stratum
Marshall or Napoleon sandstone, t

insert a reference to the four or five wells
t;clcl)nelél at St. Louis, which have been put down
hose at St. Louis are 1300 to 1330 feetvdeep
as those at Mt. Pleasant,—'—the Upper
he record of which is in brief:—
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MT. PLEASANT,

gurﬁace deposits and glacial till............ 1- 400 ft.
oal measures with particle 2 -
430-560 down to 62%. 3 of coal at 410
Parma sandstone,—calcareous and with 10 to
20 ft. of limestone....................... 810- 840
(There was plenty of water and may be drink-
able,—something like the Harrington House
water at St. Louis.)

ngxtille limestone,—as at Bayport......... 970-1050
Michigan series, with gypsum as at Alabaster 1050-1408
Marshall sandstone ....................... 1408-1550

The temperature varied from 67.6 degrees at 1450 g

202 feeit. .The rate of increase is not a%solutely uniff)erﬂl.to #9 degrees at
n closing my notes on the subject of boring for oil an i

I take pleasure in referring to the elaborate re{ir)orts issuede%ra%:g%.s %’eaé’
Blatchley, Sjtate Geologist for Indiana. from Indianapolis and the ausp.ici-'
ous resumption of the publications of the Geological Survey of Ohio under
E. Orton_, Jr., by Bulletin No. 1, containing a report on the occurrence and
explc_)ratlon of petroleum and natural gas in Ohio, by J. A. Bownocker
published at Columbus, Ohio. This contains in Chapter V, a good revieﬂ;
of the tl.leomes of the origin of oil and gas, which will save’ my going into
the subye_ct now. I may also say that so far as lower Michigan i; con-
cerned, oil and gas seem to arise from the decomposition (Veryblikely bae-
terial, most decay is) of buried animal and vegetable matter.

.If the deep well at Rapid River strikes oil or gas down in the preCam-
prlan, I. sha}l begin to believe there may be something in the theory of
inorganic origin of petroleum as applied to the commereial product. =

PEAT.

Dr. Rominger closes Chapter 1T of Volume IIT of these re i
the following prophecy, “fuel is too cheap yet, but the time will (?grzltes “‘:E;cﬁ
peat will be appreciated at its true value.” With the exhaustion of our
forests, which I.1as caused the development of the coal, cement and brick
resources of this state, the time seems at hand for the fulfillment of this
propheqy. The problem of the utilization of the peat is one for the
mechanical engineer as well as the geologist. But fair questions for this
board to help solve pertain to the properties of the different kinds of peat
as they lie in the bog. How stringy is it and how does this factor depend
upon _the plants that made it or upon the variations of water level? What
llabll}ty is there to be logs of wood, stumps, and other obstacles to easy
working scattered through the swamps, and what kind of swamps are
most free? What is the effect of a certain admixture of mud and silt?
Suppose a peat thoroughly dried, how much will the different kinds re-
absorp from the air (for they will take up some) ? These are some of the
questionsg upon which we have obtained data. I had hoped for a reporf
re:_;ldy for this year. I think we shall certainly by next year have some-
thing worth while to add to our brief statement in the 1902 report.

ANNUAL REPORT FOR 1903. 295

Prof. C. A. Davis has been at work for us, and writes as follows:—

“T had a chance to spend some days in the camp in Roscommon county
where the Bureau of Forestry party is at work and availed myself of it
and am very glad I did so, for it took me into a country where peat bogs
are really a feature of the surface geology, and not simply an incident or
accident. I found there that the plants are the same that occur at Ann
Arbor in bogs and that they occur in the same relationship to each other
and to the water level and the shade that they do there, and that the bogs
pass through the same stages of development, reaching a climax which is
practically permanent so long as the water level is constant or rising only
as fast as the bog builds up, but if anything occurs to cause decided eleva-
tion or depression then a change occurs, which, if the water level is raised,
is in the nature of a rejuvenation, in which the bog goes back to the marsh
or even pond stage, and begins over again, or if it is lowered then the bog
plants are crowded out by more aggressive species from the higher land
around. Thus around the camp where I stopped, were numerous bogs
which had been rejuvenated by the building of dams by the lumbermen,
and it was easy to see that the rising of the water level had killed out
the old plant covering and had given the sedges and grasses a chance to
come in again and there were numerous “hay marshes,” as they call them
up there, which had evidently been cut out of the older cedar and tama-
rack swamps by fire, the peat burning down to the level of the ground
water, after which the same sedges and grasses which build out over the
lakes here have gained possession and have started in a new cycle which
will progress from sedge to grass, to heath-sphagnum, and finally to cedar-
spruce-tamarack and possibly to elm and ash swamp. In my studies of
the bogs north, I have been interested to see that the plants which south
all huddle in the bogs and keep at about the same distance above water
level, are, as we go north, separated by degrees, until it is practically cer-
tain that several of them are not bog plants at all in the north, but occur
only on the deeper levels of rather poor soils, and even some species, which
botanists are inclined to call bog plants exclusively, do not get down into
the bogs, but are simply confined to their margins and the indications are
from the analogy of the plants which get away entirely from the bogs,
that most if not all of the bog plants down in this part of the state, get
into dry situations to the north and give place to other species from far-
ther north in the bogs. This is an interesting discovery from the point of
view of the ecologist, and from our point of view as well, for it opens up
a way to form a hypothesis that the northern bogs grow more slowly, or
possibly more rapidly than the southern. I think it is likely that I shall
decide that it is more rapidly, for if the broad leafed shrubs and trees
cannot get into the bogs until a relatively great elevation of surface has
occurred, then sphagnum, which is probably a rapid peat maker when once
it is established, has the longer chance to grow and build before the higher
plants shade it out. On the other hand, if it is true that the higher plants
make the most rapid accumulations of peat then the northern bogs would

- grow more slowly. At any rate it seems certain that the more northern

the bog the longer it will remain open so long as the water levels do not
change. It is also possible to tell the present condition and stage of de-
velopment of a bog by the flora of the surface of it, but evidently from the
foregoing, it is not possible to tell anything about the quality of the peat,
for present conditions may be the result of very evanescent conditions
which have not been in existence but a short period of time. So much for
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this side of the investigation, which is one of much interest. The region
south of Roscommon \‘VhiCh, by the way, Leverett has mapped with s%me
care' is full of extensive peat bogs, probably of varying depth, but some
must be quite deep. The aggregate area is large and from the configura-
tion of the country and the nature of the soil the peat must be of bgood
quality. I did not bring samples back as I had my grip full of stuff and
ha.d su@h long distances to travel by carriage, but they can easily be ob-
tained if wanted. The peat I examined up there was mainly fibrous and
not thoroughly decomposed, a kind hard to handle as the yCapac people

are finding out; it does not cohere in the compressors, s¢ that the bri- -

quettes are not durable. I may say that seems to be true of all the northern
peats I have examined. T have worked up the Ann Arbor R. R. to Frank-
fort, and locked around quite a good deal on other roads, and near the rail-
roads there are not many large areas of peat that I have seen. The de-
posits near Jackson, I went over with Thompson and from Jackson on
down the old dra}nage channel to Kalamazoo and beyond, there is a great
area of peat, which is more thoroughly decomposed than that north? and
which is also more compact, as would be expected. This grade is of course
higher in ash, but it can probably be put into form for consumption With-,
out much compression and possibly by some drying, so it is well worth
trying. Thelje seems to be an abundance of this sort of material in the
region, and in fairly large areas, but much of it is still ‘covered with
bushes and trees so it is not so easy to get at as the open bogs. Thompson
says that he went into the Upper Peninsula and prospected a number of
bogs but found them full of submerged tree trunks and stumps so that
he could not get his sounding rod down in them, and I presume he is right
about the matter, since I had the same difficulty in the bogs around Cadil-
lac and in Roscommon county. Such bogs, of course, add materially to
the cost of getting the peat out, since they have to be handled individlfally
and cannot be scooped up by machinery. They are having some trouble
with such material at Capac, although the amount of it there is not very
large. In Roscommon county I learned that in some places where bogs
had been cleared, the buried logs and stumps were so thick that when thgy
were logged up and burned down to the level where the land could be
plowed, the surface was lowered so that the attempt at cultivation was
abandoned hecause the water stood on the surface and the cultivation
plants were drowned out.”

Alma, Mich., June 10, 1903.

Dear Doctor.—I herewith transmit copy of notes on peat analyses of
samples taken from near Ludington.

No. of samples, Hy0. Sand. Dry peat.
% % %

B.T.U.
1,8 5and T........... 86.5 1.6 11.9
4 87.0 3.0 10.0
2 90.0 2.0 8.0
B e 88.0 ...... ...... 8633

Yqu will notice that about ten per cent. of the wet substance is com-
bustible matter, and that the amount of sand is very large. Sample No.

1See Livingston’s map in this report, Plate III,
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6 when dried in oven gave 8633 B. T. U, so I calculate a ton of thoroughly
dry peat of this quality is equivalent in heating value to an equal weight

of beech and maple wood.
Yours truly,

A.N. CLARKE.

Prof. R. T. Jackson of Harvard University made a not profitless trip
to some of our chief later paleozoic localities, from which we had hoped for
paleontological light. The report has not been received in time for in-
corporation here.

RELATION TO OTHER ORGANIZATIONS,

Relations with the U. S. Survey have been as close as heretofore not only
in codperation in the topographic survey leading to the publication of the
Ann Arbor quadrangle and preparation of three-fourths of the Detroit
quadrangle, but also in the continual interchange of information, in the
preparation of the Ann Arbor topographic and geologic folio, by Messrs.
Russell and Leverett, in the study of water powers, in charge of Mr. R.
E. Horton and W. M. Gregory, and the water supply through Mr. W. F.
Cooper and M. L. Fuller and Alfred R. Schultz, and in the study of the
sedimentary section of the Upper Peninsula by Mr. Alden.

Mr. Chas. 8. Prosser, working for them mainly in Ohio, has recently
published a classification of the Ohio column® elsewhere given, in which
he has adopted our term Monroe, after discussion with us and the U. 8.
authorities, and we expect to use his terms Lucas and Sylvania. T would
call attention to a pamphlet recently issued by the U. 8. Geological Sur-
vey? on cobperation with the state surveys.

Another similar pamphlet of interest® relates to coéperation in the col-
lection of statistics between the various bureaus.

I endorse the recommendations thereof and repeat my suggestion of past
reports that there be more uniformity in the gathering and publication of
statistics. Changes in the method of gathering or even of presenting these
is a very great detriment to their value. Statistics form a science by
themselves, and though, as the paper shows, in many states some statistics
are handled by boards which also conduct geological investigations, I am
not entirely convinced of the wisdom of this. I think the mineral sta-
tistics and reports of inspectors of mines, etc., should be published in
connection with the other industrial statistics, though there may be
friendly cooperation in gathering information. Mr. Hanna, the present
commissioner, has started some very valuable tables which should be kept
up continuously and systematically.

I do not think that this board should gather such statistics. There
are, however, two other extensions of the work of your board which
seem to me more desirable. For some years the Michigan Academy
of Science has recommended a biological survey of the state. This has
been carried on in connection with the geological survey in a number of
states. An abstract of the reasons for, and utility of, such a survey is
given by them as follows, and has been the theme of Prof. Newcombe’s

presidential -address —

1Journal of Geology, Vol. XI, No. 6, 1903, p. 519.

2Extract from the 224 Annual Report of the Direector.

3Cooperation and unification in Federal and State Statistical Work, a paper read at the 19th an-
nual convention of the Commissioners of State Labor Bureaus, Washington, D. C., Apr. 28, 1903, by S.

N. D. North, Washington, D. C., 1803, pp. b, 6, 7, XI.
38
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Reasons for a Biological Survey of the State of Michigan, Prepared by the
Michigan Academy of Science.

I. States making or having made such surveys.

New York, Pennsylvania, Ohio, Indiana, Illinois, Wisconsin, Minnesota,
and California.

Various other states not appropriating funds directly for a biological
survey, empower various boards to do such work. Thus the health board
of Massachusetts makes biological surveys of rivers and lakes used as
water supply for cities.

Michigan, in connection with the geological survey, began a biological
survey in 1837, which, for lack of funds, was discontinued in 1840,

II. Reasons for making a biological survey.

1. To add to the sum of human knowledge.

2. To furnish data for nature study in the schools,

3. To furnish data on the past and present resources of the state in
timber, fish, game, forage plants, fruits, peat, marl, ete,

4. To furnish a scientific basis for practical work in preserving and
replenishing these natural resources. (Forest are to be grown again in
Michigan, and peat can be made to reproduce itself. One-half the area of
the state is water or land unfit for agriculture, but can be made a source
of wealth on account of its forests, fish, and game, The commissioners of
fisheries and game in Maine estimate the amount spent in 1902, in that
state, by those coming from other states to hunt and fish, at $6,000,000 to
$12,600.000.)

5. To secure the introduction of new plants and animals of economic
value.

6. To restrict the spread of plant and animal diseases.

7. To furnish data for just legislation on forestry, water-supply, and
the taking of game and fish.

III. Lines of work to be followed in a survey.

1. The collection into accessible form of the scattered publications on
the plants and animals of the state, and the completion of the examination
of the whole state, so that every school and everyone may know the plants
and animals of his neighborhood.

2. The study of the habits of plants and animals, their food, their
migration, their reproduction, and their beneficial or injurious effect.

3. The study of the relation of plants and animals to soils, to climate,
to rainfall, etc., so as to enable one to know where agricultural plants,
fruits, ete., may be raised.

4. 'The special study of rivers and lakes to determine the food of fish
and the means of propagating fish in waters now furnishing no support
to them.

5. The especial study of the habits and propagation of game birds and
animals.

6. The especial study of problems in reforestration of waste lands.

7. The study of the water supply of cities.

8. The especial study of insects, fungi, and baeteria, and the means
of combatting pests and diseases, for instance, distribution of malaric
mosquitoes.
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Granted its advisability, the reasons for its heing conducted by the
board are three-fold :—

(1.) The precedent of other states.

(2.) The economy of administration, over having a separate board of
survey.

(3.) The unifying of the scientific research of all the higher schools of
the state, rather than having such a survey conducted as it is in some
states, solely by the university. If the board of regents of the university
were in this state, as in New York, the center of all the educational in-
terests of the state, this argument would not apply.

Feeling that the arguments for a biological survey as above given, were
weighty, I favored an appropriation to that end, introduced as a separate
bill, which passed both houses though it failed to become a law. My ex-
perience, however, with another separate appropriation which did pass,
to aid the topographic survey, has, as below mentioned, not been entirely
satisfactory. The keeping items charged to different petty accounts means
much more work, both in my own and the auditor’s department, and one
great advantage of having the biological survey attached to the geological
survey,—the ability to attach a biologist to a geological field party—
would very probably invelve us in bookkeeping snags. Would it not be
better simply to provide in one act for the extension of the work of your
board to cover this field, and then to provide separately for such increase
in your general appropriation as might be deemed advisable, trusting to
your board to apportion the same fairly, or directing that not less than an
average fixed sum be expended in certain directions?

The same thing applies in regard to the topographic survey which has
been urged by the Michigan Engineering Society as well as the Academy
of Science, and was favored by the late Senator McMillan. The utility
of the joint topographic survey is unquesticned, and I append Col.
Muenscher’s report to the Michigan Engineering Society.

Report of Committee on the Topographical Survey of the State.

To the President and Members of the Michigan Engineering Society :—

Your committee on the Topographical Survey of the state would re-
spectfully report that they have done nothing as a body the past year in
furtherance of the object for which they were appointed. The indifference
with which their memorial to the state legislature of 1901-2 was received,
was very discouraging, and would scem to indicate that the people of
Michigan are not vet sufficiently informed of the value of such a survey
to make it for the interest of their representatives to promote it.

It is gratifying, however, to know that a commencement of this work
has been made, for which we are indebted almost entirely to the zealous
efforts of our member, Mr. Alfred C. Lane. By devoting to this purpose
a portion of the appropriation for the state geological survey for 1902-3
he was enabled to obtain the cotperation of the United States Geological
Survey so far as to secure the survey of the quadrilateral enclosed between
the parallels of longitude 83° 30/ and 84° west and of latitude 42° and
42° 307 north, and including the cities of Ann Arbor and Ypsilanti, most
of Washtenaw county, and portions of Livingston, Oakland, Wayne, Mon-
roe, and Lenawee,

Mr. Lane also succeeded, with very effective assistance from the Michi-
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gan Academy of Science in persuading the last legislature to appropriate
the meager sum of $1,000 to be expended during the year ending June
30th, 1904-5, for the continuance of this work. It is hoped that by means
of this appropriation, with the aid of the United States, the survey of
another quadrilateral, including the city of Detroit will be accomplished.
The map of the first quadrilateral has been completed, but has not yet
been published. A very few moments’ inspection of this map ought to be
sufficient to convince any intelligent man of the immense value of this
survey, not only to engineers, but to all persons owning property or inter-
ested in public works or industrial enterprises of any kind in the state.
It is reported that by the use of a singlc sheet of the Topographical Survey
of Ohio, the locating engineers of the Wabash railway were recently en-
abled to change their previous location so as to save 2,300 feet of distance,
and a summit termed 800 feet long, at an estimated money value to the
company of more than $70,000.00. If such an amount can be saved by a
single sheet by a single enterprise, how much can we not fairly hope for
from a complete survey of the state.

Possibly a copy of this completed sheet placed in the hands of each mem-
ber of the legislature to be elected next fall, would be the most convincing
argument that could be used to advance the object which we have in view.

It would be, perhaps, too much to Lope that this legislature can be in-
duced to make any large appropriation, or to enter upon any general plan
of survey, but it is not impossible that the members of this society from
those sections of the state which are most largely represented, such as
Grand Rapids, Saginaw, Kalamazoo, Battle Creek, etc., could, by personal
efforts with their representatives, induce them to combine to carry
- through an appropriation which would cover the survey of those sections,
and thus carry on the good work which has been begun.

E. W. MUENSCHER,
Chairman.

Prof. E. E. Bogue of the Agricultural College wants a similar survey as
soon as may be to cover the college area. It is in the line of work which
the board can do with limited means but very slowly. To aid in the work
the legislature of 1903 made an appropriation, which was cut down before
passage- to $500 per annum,—not even enough to make one-half of the
smallest unit of mapping without supplement.

In the course of the summer I found out by expensive experience from
the auditor general that having had an appropriation for a specific pur-
pose, the general appropriation could ot be used for that specific purpose,
though the same object be covered by it, and the only way I could aid was
by doing a certain part of the work entirely at our own expense.

But it caused me a good deal of anxiety of mind and I also had person-
ally to carry something like a thousand dollars worth of expense for a
month or two. I would therefore recommend that any further additions
which the legislature may see fit to give to hasten the work of the topo-
graphic survey may be either in the shape of additions to the general fund,
or in sums of not less than $2,500 per annum. v

The schoolmaster’s club, and teachers’ association as well as the
Academy of Science are showing more interest in the work of the survey
as the equipment of the teachers improve. I am not inclined to urge the
study of geology as such into the grades. Too much preliminary knowl-
edge is required before beginning its scientific study. What is advisable
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and useful can best be given in connection with a good physical geography.
One can hardly describe the earth as it is, Wlt!lout some reference as to
how it came to be so, especially when the agencies are sfcﬂl at \york. o

I would also urge that mineralogy is a very .mterestlng subject, giving
play to the collecting instinct, and of peculiar interest to many bq§r_s. In
the boulders or hardheads scattered over our fields almost any‘mlneral
may occur. Practical experience shows that it tends to hold boys in school
better than biology and I should recommend that mineralogy be allowed
as an alternate to botany or biology, where the teacher desired and the

nditions made it advisable.

1O(ijilccoommi‘c’tee of the teachers’ association have prepared a.han.dbook for
the use of teachers. If possible it woiﬂd be well to have this widely pub-
i distributed among the tcachers.
hs]%ifdaingrrangement with tﬁe university, needed analyses have been made
for the board under the direction of Prof. E. D. Campbell at half the usual
rate, mainly by E. E. Ware and L. Kirschbraum. Many, such as t‘h(v)sefofa
the Lighthouse point quartz diabase, and those of a series of clays for
Prof. Sherzer, are inserted in appropriate places. . |

A piece of fusible slag from our Michigan coa} was sent me. bud} S zig
occurs rarely but occasignally in connection with ’ghe Saginaw seam. t
seemed to me worth while to have it analy.zed 'to verify my suspicions tha
it was due to black band ore. The following is the result:—

Loss O IgNILIOR e
ALO. 3250
FE,0, « ot e 1223
FEO .......................................... : .(.
a0 . e e e e e 22.60
MEO + v oo 1.64

100.06

This was tested for ZnO but the chemist could find no appreciable trace.
of it. '
In the notes turned in by W. M. Gregory for the gvpsum report, Volume
IX, Part 2, on the Alabaster region, there were some remarks on recent
éh&{nﬂes of )the Lake Huron shore which seemed hardly pertinent to that
repoﬁc but were of such interest in themselves as to deserve insertion here.

RECENT SHORE FORMS.

BY W, M. GREGORY.

i the glacial region and between the lake level and the Nipis-
sir?gu}oselfcehoifs a stbrip of lafd which is due entirely to recent lake formaé
tions, some of them within historic times. The general shore structur;es 1(1)
the eastern edge of this area show the direction of the adjustment o the
beach to the lake currents by the smoot.h curves, convex to the lake,
present in the outline of the shore, both in the larger features @nd.the
smaller ones. The most interesting place where these recent formations
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have been more rapidly built. is at Tawas point. This formation is spoken
more of at length below. The places in the “bight” of Tawas Bay show
how the building out of this point is gradually weakening the bﬁilding
effects of the waves on the shore in its shelter.

One of the familiar features along the shore are the sand dunes; in
many places arranged by storm waves and wind action into lenticular
dunes with the longer axes northeast and southwest. These are often cut
later into several smaller ones by wind action, or perhaps the entire top
blown off, forming a dune which resembles the crater of an old voleano.

The cutting of the lake shore is going on very extensively in regions
which may be located as in general above prominent points. The erosion
of the Jake bank a mile and a half above Tawas point, has carried the bank
inshore some 50 feet within the memory of the fishermen living there and
as shown by recent surveys. Cuiting has also taken place below Tawas
City, and this is due to an eddy current which is traveling in the bay,
and its effects have been very extensive. A large amount has been ex-
pended in building a revetment and otherwise lessening the erosive action
of this current which is often aided by the northeastern storm waves. In
this same region the Detroit & Mackinac R. R. once ran in front of the old
Presbyterian church, but because of the extensive cutting, thus causing
the caving of the bank, the track was moved a distance back of the church
and at the present time where the track stood the bank has been cut out
some five to ten feet, almost: wholly through wind action. This has been
done within the last 15 years. Very extensive cutting has also taken place
in a long stretch of this shore from Harmon City down nearly to Point
Lookout. In this region, the average height of the bank varies from 10 to
20 feet. All of the points below these regions of extensive cutting are
building spits and are otherwise rapidly enlarging, thus showing where
part of the material being removed is being placed.

FORMATION OF TAWAS POINT.

This has been spoken of as Ottawa Point, Tawas Point, or Whittemore
Point, and is located some two miles directly east of Tawas City in Tosco
county, and it is so excellent an example of the formation of “cuspate fore-
lands” that it is deemed worthy of a rather careful consideration. It has
long been known by the settlers of this region that the point has been in
process of rapid building. The bay has always been one of excellent
refuge for ships in the case of storms and a lighthouse has always been
maintained for aiding navigation. The trouble with the location of these
lighthouses has been that they were built on the end of the point and by
its rapid growth needed to be moved from time to time not to be mis-
leading. There have been two of these lighthouses and also a fog horn,
built in recent times. This of course, has been due to the action of the cur-
rents in rapid building and similar phenomena have been discussed by
different people in other regions, but this particular point, excellent as a
type of formation of cuspate foreland, has been overlooked. Tt has been
used by the writer as a practical exercise in geological excursions (field)
in school work and has been a source of excellent results to the pupils who
have lived in this vicinity.

A few notes may now be given pertaining to the building at this point.
The first lighthouse which was located in this region was built in 1856.
The light was located on the end of the point at that time and the water’s
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edge was only 15 feet away, and there was no land to the southeast. Af
this time there were several small ponds in back of the lighthouse. This
was 1800 feet northeast of the present light, which was built in 18786.
Thus in 20 years a stretch of land some 1200 feet in length and 1000 feet
wide in average was added. This enables somewhat definite estimate of
the power and the rapidity of the point building forces of this region.?

The building action is largely due to waves throwing up the sand and
the wind blowing the sand out of the water and piling it up in dunes, thus
slowly adding to the land already in place. The water coming down the
shore is supplied with plenty of sand and what is not extracted from the
waves by the winds is carried to the point where the waters of the lake
meet the waters of the bay and at this dead water triangle between the
two currents opposite in direction, it is utilized in prolonging the length
of the point. These normal conditions are often disturbed by a change of
wind which introduces changes of the currents.

The new lighthouse, as has already been stated, was built in 1876 and
was entirely surrounded by water, being built on a firm area of land be-
tween which and the mainland there was a passageway from the bay to the
lake through which fishing boats of large size often passed, and through
which the surf hoats of the life-saving crew were taken from the station to
the bay to work in the lake. At the present time this passageway has
been closed at the ends and is only a swamp between two high ridges of
sand. The old shore lines on the point are marked by faint beaches of
well worn brown, sandy, shelly pebbles. The surface of this point has
been made over almost entirely by wind action where many forms of
dunes are seen covered with very little vegetation. It is possible to see
the dunes in the embryonic stage, its fullest development with a smooth
full top, and in the stage when the top becomes blown off, which is char-
acteristic of its old forms.

In addition to the lighthouses above mentioned, there was built in 1900,
because of the point’s rapid growth, a fog horn .G of a mile southwest of
the present lighthouse, being at the present end of the spit. The land
between the fog horn and the lighthouse has a width of some 600 to 800
feet, spindling down to some 200 feei at the fog horn and turning off
sharply to the northwest where it forms a hooked spit. The average
height of the land between the present light and the end of the point is
some three to five feet. On the lake side of this formation at the water’s
edge, are many small pebbles, well worn and making a distinct beach.
Going lakeward these increase in size. Out 100 feet from the present
shore line, there is a distinct bar or ridge formed, which is the predecessor
of the point which is to gome. On the off shore side of the point the water
is very shallow in this region, being from one to four feet deep, out for a
distance of more than three-fourths of a mile, where it drops off very
suddenly to a depth of 15 feet. In the inside curve of this spit or as it
is locally known, the “bight” of the bay, there is no distinct shore line as
along the outer edge of the point. The sediments here are very fine silt,
mud, bark and floating debris, and it is a place much loved by ducks, the
mollusca and other fresh water shells. Here are many good examples
of ripple marks, wave prints and the tracks of different animals. A large

11t is adding say 1,200 feet in 20 years, 3,168 feet in 24, say 60 feet a year, orin area 1,200 X 1,000 in
20 years or 3,168 X (700 to 200) in 24 years, or almost exactly 60,000 square feet a year. The area of the
point proper from section 13 to section 21 is only about 1.6 square m}les, projecting perhaps four
miles from the normal coast contour, so that fizuring by length it would only take some 350
years or by area 460 years to have produced the whole point.—Lane.
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part of the bottom is exposed by the water when the level of the lake is
lowered by reversed currents of water due to wind action.

The currents which cause the building have been carefully observed
throughout a period of several years by the writer and some explanation
of the facts may be attempted on the data attained. The currents are
dependent upon the direction of the wind. The prevailing direction of the
wind for one-fourth of a mile out from the life-saving station is to the
southwest, but this direction is reversed during a heavy southwest wind.
The general current has been shown to be as above stated by the drifting
of boats, floatwood and a series of tests with bottles. The objects when
placed in the lake from small fishing boats, located off the life-saving
station, were found to take a course to the southwest which brought them
to a point near Alabaster. In heavy storms from the northeast a very
strong current runs down this shore and strikes the shore of Saginaw
Bay at Harmon City and Alabaster. This was shown to be the case when
the steamer Baltimore was wrecked above AuSable, which occurred in
1900. Some of the wreck material was thrown on the beach just below
Alabaster and the course of the wrecked hoat was in this direction, which
the current takes during heavy northeast storms. At such times there
is formed an eddy in Tawas Bay, this eddy current having a direction on
the shore opposite to that of the lake, and thus where the eddy current and
the lake current come together at the end of the point, there will be formed
a dead water triangle, and in this triangle the addition to the land will
take place. The prevailing direction of the currents are as indicated above
and have been tested several times to prove the correctness of the theory,
During the use of the dredge at Tawas City, the muddy water was carried
in the direction of the eddy referred to, and W. O. Emery of the custom
office has observed these currents for a number of years and believes that
the eddy’s general direction is to the northeast along the shore of the bay,
while outside the point the prevailing current is to the southwest. In con-
sidering these currents in this discussion, we must remember that these
directions can be reversed during a storni.

The ridges which are formed and which are the most prominent feature
of the point, are believed to be the result of big storms. At Tawas beach
there are as many as a dozen of these ridges nearly parallel with a de-
creasing elevation as they reach the water. The heaviest storm of the
season builds the highest beach, and thus when the water stands at the
same leve] there are a series of beaches commenced. The sharpness of
these storm ridges which have been formed during the building of the
point decreases as we pass up the bay under shelter of the point. The
old ridges which are prominent and extend entirely across the point and
are being cut by the lake waves at present, were built before the point was
formed and resulted from the formation of a similar point before the pres-
ent one, for if the present point were to build rapidly across the bay and
close in a body of water, we should have exactly the conditions under
which Tawas lake was formed and later Lake Solitude. Some of the mem-
bers of the U. 8. L. 8. station have observed the formation of these storm
ridges which have been built in a single night’s storm to some 5 or 6 feet
above the lake level.

The water of Tawas Bay varies in its level considerably, being depend-
ent upon the direction of the wind and its strength. In November, 1901,
the wind from the northeast raised the level of the water some three feet,
according to the authority of Engineer Black of the Hast Tawas Water
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Works, and on April 14, 1901, in f(?ug hours the level of Tawas Bay was
rered 1.64 feet by a southwest wind. .
lmigke Solitude, Wﬁhich is located on the “bight” of the bay, is a shallow
lake with muck and silt in the bottom with a large sandy ridge nearly
dividing it into two distinct parts, and with an elevation of 2.5 feet above
Lake Huron. This lake had two outlets at one time, or more properly was
connected with Lake Huron, being merely a passageway between two sand
ridges. When the level of the lake fell the water was partly dral.ned off,
and because of the sand bars which choked the entrance, a considerable
area of water was left behind forming a lake, which in time demanded an
outlet, and this was accomplished by cutting across the places where the
wave action was slight under the protection of the building spit, and thus
making a small outlet to the lake, while the older became clogged by the
action of the waves on the Lake Huron shore. This is a rapid sketch of
the formation of many of the lakes along this shore. )
Tawas lake, which lies to the northwest of these smaller lakes just de-

- seribed, has the same general characters, being nearly filled with silt,

k. and abundant growth of vegetation. It evidently was _formed be-
}cx\lxlrlecen, the Algonquin 23and the Nipissing beaches, and was ev1'dent1'y the
first point formed in this region by the action of the currents in building
off the shore bars and spits, as its western border in many places rests on

rern edge of the Alcona moraine.
therz\fI}eAu Szble all along the shore to Au Gres, the.tendency of storm
waves to build ridges has formed heavy ridges running parallel to the
shore line, having between them swales and swamps, rend@rlng the drain-
age very much obstructed, and in many places where the distance betweﬁen
the ridges is large, cranberry marshes have been formed. These lalg(?
ridges in many places have been cut away and now the old cranberry
marsh is being cut into by the waves. There are several places along the
shore where this is shown and also places where the_sand has been duned
and carried in shore by the wind, exposing a section of the cranberry
rsh at its base as the waves cut away.

maﬂflslg O'lI:[axf'as river and other rivers of this section have a tendency to
build deltas where the force of the river currents is less than that of the
lake currents. This has taken place at the mouth of Tawas river. The
building takes place in the spring and fall. The cyrrent of th.e AuSable
is much stronger than the prevailing lake currents and the s.edunents are
carried some two miles down the shore where, gccordmg to Cap-
tain Small of the U. §. life-saving- station, there is a large §hallow
area, some one-half mile off shore, and this is being convgrted into an
island whose sediments are derived from the river. Th(? Rifle river has
built a large delta at its mouth, some five 111}1es square in area, and th.e
Au Gres river has a current which is go sluggish that the channel to Sagi-
naw Bay is kept open with difficulty, and a long area of land in front of
the river mouth is slowly forming the river delta.

39
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PUBLICATIONSK,

In publication this year has been signalized by the completion of Vol-
ume VIII of our reports, containing three papers bearing on the raw
materials of cement. (We are still at work upon the limestones, concern-
ing which many facts have been given in our annual reports.) This re-
port has elicited such comments as this from Municipal Engineering
(Aug. 1903, p. 121): “The most valuable work on the manufacture of
cement from clay and limestore or marl which has yet appeared.” See
also the letter from Mr. Wentz. I also quote from the Indiana State
Chemist :—

“Lafayette, Ind., Nov. 21, 1903.
e “Having had some experience in cement manufactur-
ing in your state, it is evident to me that you have made a very broad and
comprehensive treatment of the marl question and T wish to thank you
very much for bringing Part ITI to my attention.
“Very sincerely yours,
“(Signed) CHAR. 8. McGOVNEY.”

Dept. of Geology, Drury College,
Springfield, Mo., Aug. 10, 1903,
Dear Sir.—I thank you for Volume VIII of the Michigan Geological
Survey, and also for the annual reports for 1901 and 1902, They are of

great value in my library, and I congratulate you on the character of the
publications sent out by your Survey.

Very sincerely yours,
{Signed) EDWARD M. SHEPARD.

East Tawas, Mich., July 3, 1904,
Gentlemen.—I have received the Geological Report of Michigan and am
very much obliged for same. I find it a very valuable book and shall en-
joy reading it.
Yours very truly,
(Signed) TEMPLE EMERY.

Union City, Mich., July 14, 1903.
Dear Sir.—Please accept my thanks for Volume VITI of the Geological
Survey of Michigan. The work contains just the information T was in
search of. )
Respectfully yours,
(Signed) E. G. ARDAGH,
Of the Peerless Portland Cement Co.

I have also issued as Part 1 of Vol. IX a paper which otherwise would
have been included in the annual report, but was needed by the attorney
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general’s department as soon as possible, on the “Growth of the St. Clair
i)elta,” by Leon J. Cole.

< ¥ gy he state by G. P.
't 2, of Volume IX, a report on the gypsum of the !
( }r];;lstley’will probably have appeared before this report ig printed.
The expense is given in ihe financial s_tate.ment below. bat
Our present system of distribution, which involves sending to noned ut
college libraries and exchanges, exceptﬂupo?[ ispemal ipfgg(ﬁtllg;’,m agrll 1
y itside the state excep
very few other than teachers' ou e e e e o bt cases &
a fair price, makes small editions sufficie ‘h'l D rticing the re.
more liberal distribution would be.wor’gh while Adyertisimg evish
of the state more, and possibly in reaction agai £
?l(i)ztrrci?bsution of publie doc{lments I may have been .nlggardl) s buthI flo nl?’ot
th}ﬁk s0. The press usually announces such publications, and t gsetv% 1
do not care enough for them to write, will prob)ablydget allom’z‘;ge 0(;)12 rf)e]; g\heg
C i an better
without them (and never know what they miss) and ca he renched
riodi g ris of our reports, at times practically |
by the periodical press. Large par ts o ) times prac 7 fhe
i i d technical periodicals, in pa
whole, are reprinted in magazines an e hat your palicy
“Michigan Miner” and “The _Gateway.' e a \
L%retxhtindilllfg‘ tghe widest opportunities to editors who desire to use our

material is a wise one.

PRINTING EXPENSES.

Miscell Total Total
Annual, isecella- appropri-
Vol. VII.| Vol VIIL 1901, BEOUS. spent. papt,ion.
Sec. 2, Act 78, 1899: L 1598 49
i L1,1902,. ... ... $2,299 59 . i
5’;]&:‘1??9%32] an. 1, 1903.....1..., NI 404 24 $637 25 3
$1,031 08 $32 08 | $4,000 00 $4, 000 00
»-_'_——__—-____—’_:—_:;__-_:,
Ann. 1903.
Sec. 1, Aet 231, 1901 ... ..ot $20 32 1,03t 74 715 15 3118 50
$2,062 82 | $1,352 40 $150 58 | $1,949 17 $2,800 00
e e e
Seée 1, Act 178, 1903.......... 90 00 Vol IX.
Pt. I $B57 78 $501 98 $1,250 00
Pt. }I 153 85 35
$411 63 $150 93

1Covers and binding for reports 1899 and 1900 which were printed by Michigan Miner.

5 i i ils.
§$E;]5n(%lrg§rrgpa(;)r;;?0§ﬁe State for separate distribution and the balance for illustrations of fossils




308 BOARD OF GEOLOGICAL SURVEY.

The above is the financial statement of the expenditure of the annual
appropriation. Money spent in conjunction with the U. 8. Geological
Survey in the topographic survey of the Ann Arbor sheet (you allotted
$2,000), is included under field expenses. Salaries and office expenses are
less than usual. This does not include the expenses for printing, which
are given below. We have used up the appropriation of Act 78, session of
1899, for printing, and start on that of Act 231, session of 1901. The
completion and binding of Volume VIII, which is now in press, and the
printing of this report, if you so order, will use most of that.

1902-1903.
|
Salary. Field.! Office. Total,
$380.76 $396.67 $143.85 $921.28
August,... 279.47 38.90 104.21 422.58
September. ... ..ol 273.67 554.11 37.55 865.33
October...ooiiiii i e 355.24 71.13 158.33 584.70
312.00 78.39 46.56 436.95
34431 |l 45.02 389.33
313.80 56.67 12,52 382.89
428.17 49.78 76.75 410.70
311.53 6.18 61.91 379.62
April oo 274.00 242.93 91.01 607.94
May. oot 1825.40 164.63 41.44 1,031.47
JUDE...ov it i e 21,133.75 178.72 69.97 1,382.44
Supplementary ..........cooo e 171.60 5.00 176.60
Charged back unexpended................boooooo oo oo 8.17
Total....oooviiiiniiinnin i, $5,088.10 $1,909.61 $894.33 $8,000.00

tIncluding in part pay of temporary field assistants and payments on chemical work, etec., by con-

tract.
2Including most of the salaries of assistants hired by the month or longer, and some payments on

contract, e. g., $200.00 for gypsum report.

The above statement of expense follows the usual form. It isnot always practicable to draw a
consistent line between field expenses so far as temporary assistants are concerned, and salaries.
The salaries of the permanent staff really amounted to about $300 00 per month.

I would call your attention to certain requests for new work which have
come into this office, although it really seems to me we have all we
can do for a year to finish work on hand and keep up with current explora-
tions. :

The American Institute of Mining Engineers, Mr. Merrill, one of the
Smithsonian curators and cthers, are anxious that we should reprint the
earlier reports. Inasmuch as they can no longer be obtained even from
second hand book dealers, I think it would be wise so to do. The Academy
of Science would like a natural science hand book for teachers published.
The I. Stephens estate and the Upper Peninsula experiment station people
are anxious for a map of the Upper Peninsula surface geology.

The Waverly Stone Co. and others would be glad to have a report on the
building stones of the state like that recently issued by Wisconsin.
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I cannot close this report without a reference of honor, respect, and re-
gret to the departure from this life of Jacob Houghton, Esq., brother of
Douglass Houghton, the first State Geologist of Michigan, who was, 1
believe, the last survivor of that survey. He also contmbutqd to Volume
ITI of the present series of reports, and to the end of a long life never lost
interest in geology and faced camp life even when past the allotted three
score years and ten.

Very respectfully,
(Signed) ALFRED C. LANE.
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Charlotte, Berea grit ........... P . 292
Chazy formation ............ . 127
Cheboygan, HOWS B .. . it i it i i i e i i i e e e 59
Cheney, Chas., flow 51
Cheney topography .....coveviiiiiiieinen.. . 12
Chesaning, flows in ..... 56
quality of watel . 102
Chilorite I PoOrCUPIIES toviv it it sttt it i b et s ae s s evamaee croe s aan s snnann 39
Christian creek, elevation of 81

topography
Christiancy quarries, limestone analyses
Chrysemys marginata
Cincinnati formation

See ITudson river and Lorraine.

CIrenlation Of WaATOT it iin vt ittt et et e sttt st s et ban s tenteean e e 245
Clare, flows At ..o ot e e e e e e e
Clare county, flows in
Clark, A. N., analyses by
Clarke, John E., water analyses .

[9)F:Big < (R W Us QRS 03 Tek 1<) i o S
Clay area In fOrest TeSEIVE . ... ittt it it e et tei sttt s et taesacncnaannnnn
Clay shale At Dagett «ovuuiiiiiiir e iiriitittteaaeinteinraerasteensossenssssesssnseneens 138, 184, 186

Clay soils ..... 14, 186-188

analyses ceen .. 184-188
Clear lake, origin of .............. 78
Cleveland Cliffs Co., flowing wells .. 134

Clinton, elevation of river Ralsin ...... ..ottt i et e

Y ¢ YT S
Clinton county, flows in
Clinton formation
Clinton lake, analyses ..
Clinton river, analyses
Clippert, Geo. II. & Bro., clay pit
Coal measures, analyses of COAl . ...ttt ittt tistrrra e it
FOWS FLOI + tht ettt ittt e it iaeeaeraranaaaeenrnonnarenannnns

shales
Cobb, Mr., brine analysis
Coldwater lake, elevation
Coldwater river
Coldwater shale
Coldwater township, wells in ....
Cole, Geo. O., brick plant
Coleman, flows at
Colon, topography .,......
Colon township, wells in
College of Mines, water supply analysis
Columbia township, flows in ..................
Columbiaville, Berea grit
Compass, variation in the Porcupines
Comerete BIOCK .+ ottt ittt et ettt ettt et e e e e e e e e e
Conductivities for heat, various
Cone, elevation R
Conglomerate, asphalt bIock
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Conglomerate, I'OTCUDIIE .« ivr it virnaraetrreseteioruis it e e
Tamarack mMine ..ooeeeoriiiiiiiiiaai it
Conner, Geo. D., record Assyria well
Constantine, ANTrim SHALE «vavereviinetttiiiieariiii e s
Berea at ..... ..
elevation St. Josuph river
levation FAWD FLVED L uitiiiiriiiarerorriie crenorieasanatnanie e o

WEOITE AL 4 vverrrnruranranuisemnneaoenaenanansoasuss
township, wells in
CONTACE ZOTE +rvvrvnrrvrreornneaeresarnensnacnns
Contour map, Arenac county
Bay county .........
Tuscola county . [P
Cook, F. A., record Niles well .oovoviiiiiiiiiiiiaeaiiencne:
Cooling, curves of in igneous Yocks ...........c..coen
slowness [ SOOI PP PRI
Cooper, W. F., Bay county maps ... o
water supply, €tC ... il P 7 oy
section :93
011 Well vorvriie i 293
Copper bearing rocks of Lake SUPEIIOT « e v vovt v e e seee i sren e s e e 35
See Keweenawan. 030
Copper deposition, Theory of ........ e
Copper Falls, copper deposition at e
Copper Harbor, water analysis .....o.....ooooriiirciarirni P
Copper in Porcupines ....... AR RLEILLE R o
Copper Range, gravel deposit .......cocoeeveeecens b
road metal .....occiiiiiiiiie 6;
Copper Range Co., well at Freda . 13§
Corey, G. W. oooiiiiiieeriaiiiianes B
Correlation across Detroit river . by
Coryell, Chas., driller 1o
Coryell, J., deep well at Durand o1
Courtis, W. M., water analyses ...... L
Cowles, H. C., vegetation and physmgraphlc state .. 2(;
Crawford county, map of . )
plant SOC;etICS
SAIES o vevr trre e i e e e e ?2
soil analyses 5
soily and vegetation 9
topography .....oeienennes 1(_}
types of vegetation .... . 17T
See Michigan I’(uestly Resewe. o
)

CLOCKELY, SDEAIES «ovurrnrnnansnre e atsnaassstne o sasinan s ar st s st e e 2 e .

Crusher for road mMEtal ... ..o eiiit it

Crystal Falls, native cOpper .................

Crystal lake, springs .........cceceiiiiiiiean

Crystallization, temperature of ....

Cubb lake, elevation ...............

Cumberland Devonian sea

Currents, shore
building Of SHOTe HIES t.ecvnecrnniiirier e emira it

Curtis lake ....... .

Curves, shape of (glam of rocks) ..

Cut over land, reclaiming .........

Cutting of lake shore .......

Cuyahoga mine in Porcupines

CPPEOAONEA SP? e v v euert eorr e reme s bans o e s tas e e st
DAgEett, WELl BT +.o.intinrniit ot rrenene it e s s s s 12;1)
Dakota Devonian sea .....

Daniels, Jacob & Bro., clay p1t e
TAVES, €. AL ot et vt ittt i e e . s
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DaviSOn, HOWS B . ot ittt cat e it et i e e et e
Day lake, origin Of «.ooiii i i s e e e e e
Deep lake, elevation ........ ... i i,

Deep wells, records .......
shale sample .
water analyses ...

Deerfield, elevation River I\alsm

Deerfield township, wells in ... e

Delhi, springs ................

Delray, flows at ... ..

Denmark, water Ievel in ...

Denmark township ..................

Denton, flows near

Detroit & Mackinac R. R limestone beds ... e e

Detroit river, correlation ACIOSS - ....oviviiiiiiiniiiiiit it eee e,

surface clays near

Detroit river water, analyses.... .....

Detroit shallow well, analysis .... I

Devil’s lake, elevation .......ccveviiiiniieniiin ..

Devonian black shale ........ooeviiviiiiiiiiniinniiininnn.s,

Devonian seas ...........

DeWitt, flows at ............

Dexter, elevation of

Dickman and Mackenzie, coal analysis

Diffusivity of substances

Dimondale, flows In ...................
Diorite, road metal ..
Distribution of forest types .
original
present
Divining rods .........
Dixboro, elevation of .
Dodge, C. W. ........
Dodge, H. ... ...t
Dody lake, elevation ..............c..........
Dolan, W. H., well section
Dorr, spripgs At ...
Douglass, S. I1., water analyses ...
Dover, elevation of .................
township, wells in ......
Dowagiac creek, cusp drainage
elevation
Dowaglac, HOws At ..ooovioiri i,
moraine east of ..
well section ..
Downey, M., clay pit ...,
Downey House well ...l
Drainage in Porcupines
Drift—See D’leistocene.

Drilling deep holes ... 278
Duffield, 8. P, water analysis 96, 99
Duluth gabbro ............occeell. . 236
Dundee, brine analysis ........cooiiiii i 108 109

limestone .........coociiiiiiiii
Durand, city water well, analysis, section
cement brick used .

17a 17(} 1(8 283, 285,

flows at ...
Riggs & Sherman’s contour map ....
water analyses ................ ...
Dyer, B €., SDLIDZ oot e e
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Page.
Eagle 1ake, €l€VALIONM +.oviirviimte it sttt e i e e 79
ast Greenwood, flows at .. 49
Kastmanville, flows at 61
’ springs 65
East Tawas, flows at ...oooveveniia et 57
Eaton Rapids, water analysis ............................................................... 102
Eden, flows in e 52
Edgewater, marl beds TEEAT tveereerronsivnconorinemnannns 189
BEdmore, Hows At «ooviieeiianroiiiin i
Edwards, R. M. ... ........oohe
Edwardsburg, elevation of
elevation road to Barron 18Ke ....c.iiieiieeiiiiiiiiiiiiiiietereiiiaaianne
B 4TI
Hgyptian Portland Cement Co.
Elbridge, flows at «.....oov ity

El Cajon Portland Cement Co.
Elevations above sea level
explanations of
in Porcupines ..........
of streams

Blkbart, Antrim black shale ...
Lk Rapids Portland Cement Co. . . 171

Elm Grove, Wis. .....ocoviiiinat
Elmwood township, flows in
Elwell, springs at .
Emergence paleozom land area
Emnmpire, lows at ...o.oooiiiiiiiiiiiii
Ennis wells at ...........0 e e
Ensleys lake, wells near
Epidote in Porcupines ..
Erin township, flows in ..
Bscanaba, flowing wells ......o. o
water analyses

Eslow, W. C., water analysis by .... 02
EVALt, HOWS AL werernuun cnneanon s e e rtiiet et e s it e e 59
Fabius, elevation of . ....oiiiiiiii i T
Fabius township, wells in ... 92
Fairfield township, wells in . ?&:;
Fairgrove, flows at ........ooiiiiiiiiinn 55
Fall, Delos, analyses of Albion water 1(_)3
Farmer’s creek, TlOWS G «eveern v vrrttrne v rernnen caitient e sttt se e sttt et 50
Farmington, flows in ......covviiiiiai et e e 50
Farnsworth, non-flowing wells ...... D
Faulting in Porcupines

ANA SPTIIZE «ev ettt e s ettt

Fauna of Porcupines
Fawn river, elevation of
Fawn River township, well in
Fayette township, wells in ....
Teldspar ...ooeovvsvaenss
Felsite in Porcupines .
DTSR -1 S S LECECEETERETERREE
Ienton Portland Cement plant
Fergus, flows at .......oooiiiiiiiiiiiaii
Fife lake, flows 8t ....ooovieiniarianss
Filtered Portage lake water, analyses ...
Filtering power of soils ...
Flatrock, elevation of ....
Flatrock flowing well ... .ooiiiiiiiiiiiiiiioiiiiiiiiiiiies
Fletcher, water depth
Flint, Berea grit under
flows at .

41 -
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Florence township, wells in
Flowerfield, wells at ...................
Flowerfield township, wells in
Flowing wells, Bay county
Cass county
E. Wisconsin
Hillsdale county ..........
Lenawee county
Lower Michigan

Upper Michigan
Fluke, M. C., water analysis
Flushing, flows at

SHALES BE «vvoerernaenssinn o

Ford River, flowing wells 1o
Foreman, Daniel, driller . e
Forest Reserve Area ..................... %
........................ 8

See Michigan Forest Reserve.
Forest types, distribution of
fires

Original
Porcupines
Present

FOsSIlS oo
Foundations for roads .............................
Fourier’s theorem .........
Fowlerville, oil and gas ..
well section
Frankenmuth, flows in
Frankfort, flows at ..........oooveevvinnni.....
springs at
Franklin, flows in

section of ...
Franklin township, wells in
Fraser, springs at ..................o0... ..
Fraser township, flows in
Freda, well at ......ooooovvieiin, oo, .
Frederic, water depth at . e .............. L 1ok 165, 258
Fredonia, flows at ....................... o
Fremont, flows at ..................... 2
Frenchtown, flows at i
Fruitport, flows at ....................... ot
................................................... 64

Gabbro-aplites .............oiiiiiiiiil.

Gain, E., water in the soil ............. . . 77
Gale, C. W., well of
Galena limestone .....
Ganges, flows at .. ..
Gannister, road metal ..
Garrey, G. H.
Gas

25
292
ceeee...124, 129, 134

springg near ..

water depth
Genesee county, flows in
Geneva, flows at
Geodetic points
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GADSON, FOWS BE .o trtrauteintsnra e e e an e s e s s e st sttt s e
Gilbert, G. K, coastal sinkage ..
Gilead township, wells in ...........
Gilford, flows at ...t
Girard township, wells in ......ooovie
Glacial, drainage in Porcupines
ETOSIOTL © vt v e tee e eanatien e easnar e ecamancaar e aaas
striae
Gladstone, flowing wells
well section
Gladwin county, flows in
Glenwood, flows mnear ....
springs at ...
GLOMELOPOTDIYTILE . ovten s e eaatieani e aas s st s crtee s sttt
Goosc lake, elevation ............coviile .
water analysis .......
Gordon, C. H, oil and gas ...
Gordon, W. C. ..
Grabau, A. W., fossils Traverse SroUD .....coeveevesrreerreenien s .
Grain of TOCK .o.vviiiiiveraraeniineniiinaes .
Augite voeviiiiiiiiiis
approximate formulae
center .......
curves of
general formul® ...........oeeeiiaiiiin
increase Of ooveeeiiiranicaeeiiienaies
labradorife ...........oo0e
Light House Point dike
magnetite ...
practical application
Grand Junction, flows at
Grand Ledge, paving brick
Grand Marais, well at ..ooouiiiiiiiiiiiiiiiiiiiiiiies
Grand Rapids, springs ..
analysis Carrier creek
DEICK DIAIIE eetnt e vueiten s e nanea s s ansae s s s
Grand River valley, flows in ... oo
springs in ...
Grand Traverse bay, flows adjacent to .....
springs adjacent to ..
Grand Trunk R. R., moraine near
Granger, Ind., well at ...
Grant, flows at .......o.ooael
Gratiot county, springs in ......c..ioiiiiciiiaaien
Gratiot lake, Upper Michigan, flows
Graves, James C., brine analysis ...
Graves well (.ooiiiiiiiiiaiiiia
Gray, E. B., Sturgis, W.
Gray, F. M., driller ...
Grayling, depth to water
225011 J: § AP
soil analyses
soil temperatures .
topography .......
Green Bay, water analysis ..
Greenstone
Gregory, W. M., Arenac county report ............
recent forms of shore lines .
water power
Grill, Mr., well ......ccooevvinene
Grove, flows at ...........
Groveland township, flows in
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Haggerty, L. D. & Son, clay pit
Hahn, H. C., brine analyses .................
Halliwell mine .......ooiiiiiiiiiiiiiiiiii.
HLamiiom, flomes s L
Hamilton formation, Wisconsin ...

Ontario ....covviiiiiiiiiiii i
o rverae T
Hammond, G. H., spring analysis .................
HADDUEY 12K€, BIALTSES +ovvvveesesnss s eseanssss s ooensenens o6
oo e g {17 7T 156
147

Hancock West conglomerate ..

Harbor Springs, flows at ....... .. 5
Hardwood type of vegetation B 18, 20, 23, 26 ;2’ gg
. E s &8 i ? b

Harmon City, cutting of lake shore
Hart, flows In ....ooiiiiiiiiiiiiiiiiiec o Yo
Hartond o I 63
springs o
Hastings, flows in o
Hatton township, flows in p
Hay, W. G., well gections 6
5 T<E: X O o
A RS 55
Heath, G. L., CODPET 10 TMINE WALET « - vevrrrsrsnoomrersserss o0 ;22

OPDOT 10 TR WALET «oocrrsiss o

Hedgcock, C. G., water leyveelS ............... oIS, 1B 4T, 163, 364, 108
Hetts Brothers, water Analysle . I 25
Hemlock ...vviiviiviniennnnnnen N | !
Hersey, flows at ........ S
Hesperia, springs at 22
]

Hickok, 8. 0., water analysis
Hickory COrners ....cceceeviiarininienean BRTOT
Higgins, 8. G., drift clay analysis =
Higgins lake, lower level ........oiiviiiveninnnnn.
Comography . I
High ground, copper deposition .
Highwood, springs at .............
well (coal) sections
Hillsdale geodetic station, elevation

R. R. station elevation ..................... .
ey SAEIon GIEVALION «orirer st 75
Hillsdale cpumiy. fopseraniy SR T PP PP 89
water supply .... e g
Hillsdale creek ......ccovveiviiiiiieniiiin, o SR - e
Hitching posts, cement 50
Hog €ereek ..viviiiiiiiiiieiieenieiiannnnenns e
T 80
Holland Brick Company ... o
Holloway, flows at e
Holstein, flows at 61
Honnold, W. L., Limestone Mountain 28
Hood, Prof. O. P., sand brick .........ccoovveneannn i;i

Hopking, flows 8t ...coviiiiiiiniiiiirnrannennns
Hoston Tt B stronm st I
Houghton, Jacob .........cvviiiiiiiannen
Houghton water supply .
Houghton conglomerate
Houghton ILake, swamp
topography
Howard township, wells in ..
Howardsville, elevation at ...
SPLINZS ciiieiviiieiiininennas.
Hubbard, L. L. ..icoiiiiiiiiiciiieriiiiinenas

Hubbardston, fiowe at .81, 178, 209, 241, 242, 249,

IIudson, elevation Tiffin river

water WOTKS ..ooverieeriininianncness
Hndson Mills, elevation of ...
Hudson TIVer FOLTNATION .oovevrrortnernsonrsrnereaminanass e s

Qee Lorraine and Cincinnati.

Hudson township, Wells I ..vevieriiiraremiiiierienne e
Huennekes sand-lime brick .
Humus, water capacity of
Huron county, paving brick
TIuron-Erie glacial lobe ...ocoveiivieoennns
IIuron mountains, flows near
Turon river valley, springs
TTuron township flows
Huronian .......c.ooves
ITlydrography .....
Tyla pickeringii

Te@ AMAIFSOE «ovnnernnrancnioesssasesusrasa s
Tda township, flows in ....ooiiiiiiiiiiiineneens e
Igneous rocks, grain of 205
curves of cooling .
See grain of rocks.
TmIay City, FOWS AL ..verrnnernnerernnsrssseenass s et
well section 70

Inclusion beds (KEWEEDAWEI) ...ovescnereeress s cesernmnsssernemmensmtesees o nt 00 0 269
Tncrease of graim (Of TOCKS) .oiiriverrrureimnnnreenmueeerr et 218, 219, 228, 229
TRAian TIVEr, FOWS AT «.evrrsrsrnenvemusrmnee e sia s 57, 59, 60, 100
temperature of flows . 59

Indiana, oil and gas 279
Ingalls, well at ....c...ocouvs 138
Ingham county, flows 53 S R 52
Interlobate MOPAINE .....coieiierimennenieenirens 7
Intermorainic area, Cass county T¢
Tonia, flows At . ..ooiiiiieeenn 87
springs ....o.oees 65

Tosco county. flows in ... a7
Towa, St. eter FOMATION ....vvevsanerrsencereraran s eram e 127, 128
129

148, 149, 153, 163
157-160

paleozoic land emergence
Iron Mountain, water analysis

TronWOoOd, WATer ANALYSES . ..eorrneocinsessomssmmasnssrr st
Irving, It. D., copper AEPOSIEION toivverii i 246
fault in Porcupines a9

report on Porcupines .......... 35

sandstones of Copper Range ... 164

Isabella county, TOws N ...ovviieerrniieneiee .. 58
Ishpeming, analyses ....c..........-- . , 148
mine water ...... 157

road materials .. 183

water 121

Tack pine soil ADALYSES .o.oorororarrrrr e 16
type of vegetation ........o..oiiioieeciiereen . 18, 19, 20, 23, , 28

Jackman, W. T, analysis Lake Superior water ........ 118
Tackson, R. M., TOSSIE «oovevriiiaiiie e 297
Jackson, Berea grit mear ........ooooieene 202
paving brick ......... .. 134

Pressed Brick Co. ... 102

peat near .......... 206

Jackson countly, flows In ...o.iiieiiviiareenenes 51
VSPPINGS e 65

Jackson hills, topograpbhy .....coooivriiiiiens 12
Jason & Shumway, brine analysis . ;OZ
92

T Ry e R R AAERLA AR
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Jasper, elevation Black creek

Jaspilite, in Porcupines
for road metal e

Jefferson township, Cass county, wells in

Jerome Station, elevation of .....................
flows at ...oooveeniiiini...
SPrings Near .........ceviiiiiiniiiinn,
Jones, elevation of
Jonesgville, elevation of St. Joseph river at
wells at
Jordan, flows at

Kalamazoo, asphait DIOCKS 8 ..vvvuiiuniernnneiiniii s eei e
bituiithic pavement
et noar

Kankakee upl 't ... .....ooiiiiniiiinn.,

Kawkawlin river, 2. fork, flows

water analysis

Kawkawlin township. flows in ..........

Kearsarge mine, copper deposition in ..

amygdaloid .............

Kearsarge-North Star conglomerate

Kedzie, Frank §., clay analyses

marl analyses
water analyses

Kedzie, R. C., soil analyses

soil temperatures
water anpalysis

Keller, flows at

Kenney & Coleman, drillers ..
Kennicott Water Softener Co.
Kenosha, Wis.,, flowing well ..................
relation to Mackinac Island
soils and vegetation
Kenton, brick plant .................
Kern, Wm. G P
Kersley creek, flows at
Keweenaw Point, resurvey by Hubbard
Keweenawan lodes ....io.ooveviiiiniiiieiiine i,
thickness of .........
Khagashewung Point, anticlinal
Killmaster, flows at ..........ccocevennnn...
Kinderhook township, wells in ................
Kirschbraum, L., water analyses
Klingers lake, flowing wells

copper deposition ...
water analysig .....
Komnick, F., Sandstone Brick Co. .......
Kulm, W. 8., section of Marinette well
Kutsche, W. O., sand brick

Labradorite, graln of ... 233, 235
Lac Labelle, flows .......oooooiii i o, 163
Lacota, flows at .......ocoiviine e, 61
Lafayette mine, origin of copper 40
La Grange, millpond ..........ooviiiiiii i 79

moraine near ............... 79

elevation Dowagiac creek 82
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Page.

La Grange township, wells In ...ooiviiiiiirn e )2‘%)
Laingsburg, antiehnal mear .....cocoooooomnenssmmr _%5
Laird creek, elevation ...oococrieiiniiirmim 3
DR U2 - T R R LS o
T.ake Cora, flows near ........coeeens o
Lake county, soil analysis ..... 165, 164
Lake Linden well .........c..0 . 5
Lake Michigan, glacier 10De ....ooouuveiiiiieiiiin it o
fce ANALYSIS .uuvvitiveiir :

shore Dbelt, flowing wells
water analyses
Lake Park, Wis., well section
Lake shore, cutting of ........veovveens
Lake shore, sinking of in Porcupine district
Lake Solitude, formation of ....coovaviiiieiiiiieenne.
Lake Superior basin, flowing wells
water analyses ...
T.ake terraces .....c.eeeeieiieniinn
Lakeland marl deposits ....... .
Lakes in southern MICRIgan ......ooooororrrsrrsrrnrrrerenscmirsnrenees
Lakeshore, HOWS b ..uveieeirerermeerneniaieiaerreeranaiiieereneaenenoueens
Lamont, flOWS at .....oeviiriiiiiiiiiiii e eerreaia ey
Land survey in Porcupines ...........cooeeneves
Lane, Alfred C. ..cooovvniviiininenns
I’Anse, slates for paving brick ..
Lansing, Berea grit beneath
FLOWS 8L vvevennreeerrasinsesuasasassnsnesanssans
soil temperatures
SPLiNZS  cvveeereonncnneanes
water analysis .......c.oooiie
Lapeer, flows at ...........
Larke, F. D. oooieiveenninns
LaSalle township, flows in ..
Lathrop, wells at ..o.coceveriiiiiiiineieeann,
Laurentian, soil deposits on
Leaching of soils .....cooovvnets
Leadley’s, flows at .........
Leaton, flows at ............
Leelanaw county. flows in
Lenawee county, flows in :
moraine in

113-118,

topography

water supply .
Lenawee JUNCEION, FOWS .ouivvernrieennoreieirennas s veraiinnanreesis
T.eonidas, tOPOZTADNY «rrrerarereerertriiiieastronreraaaraeies .......

I.eonidas township, wells in
Le Roy township, springs in
Leslie, flows In ....c.oevvenninnnn
Levels near Ann Arbor
in Porcupines
Leverett, Frank .....
Levering, springs at .
Lexington, flows at
Light House Point Dike, analyses of ..
grain of

Lime ...oiiiiiiiiiiiiiaiien .
Himestone . . .. 172, 173, 174
ADAITSES .ooiooninmumnn i bl
asphalt DIoCKS «oovrreoriern it e o

road metal
Limestone Mountain
Limnea desidiosa R,
Litchfield, elevation of St. Joseph TIVer ........cooviiiiimierienirierieee:

..178, 179
42
82
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Litchfield township, wells in ..................
Little finger, Lower Michigan, flows in
Iivingston, Burton E.

Log‘ln lozt]aud Cement (‘ 0. ...

Long lake .....................

flows near ......

Lonyo Brick Co. clay pit ......

Lookingglass valley, flows in .

Loomis ﬁ(ms at ...................................

Lo“eh flows at ............. ...

Lower Magnesian, flows from .......... ... ...
formation ............... ..., 124, 1235,

See Magnesian,

Lower Silurian (Ordovician)

Lower Verne, coal analysis

Lowland types of vegetation

Lucas, Jamesg

127, 128, 129, 130, 131, 13"

peat analysig
rock salt
Luzerne, springs at

\I((,uthy, J. F., Gladstone well .
McLouth, C. D., flowing wells .......
MeKay, R, C., analysis of clay shale
McClure, flows at
Macluren sp? ................. ...
McMillan, Senator, topographic survey ..
Mackinaw, Straits of, plant societies of ...
Macomb county, flows in ............... ..
springs in
Macon township, wells in ..............
Madison, flows at
\Iadison s'mdstone R

\Ll"ne\l an hmemone e
Magnetite ...........
Malachite in Porcupiney '

"33 235

Mancelona, well section .. it

Manchester, flows at ..... "

Manistee .......... ..., 65, i

Manistee river, swamp . Gd, 185, =

springs in .. -

valley, flows i 65

Manistique, flowS at ................ ... LTI o

road metal ........ 100, 1

Manitowoe, flowing weli ............. . .. 153

Manton, springs at e e o

Maple . o

Maple I\(Iplds d111t (1‘1\ .lna]\sxs e 2

quaiity of water 189

Maple Ridge, wells at ........... .. 108
Maple river Lasin, flows ...... ... .. ... gk
-

marl o

Maple Valley tow nsiip, wellg in 1.
290

INDEX.

AMarble lake, elevation, marl

329

I’age.

76, 180

Marcellus, elevation 70
FOWS AE veveeeereanns crnn e enanes o 93

Marcellus township, wells in ’3
Marengo, flows in ..... 51
Marinette, Wis., altes1an “ells e e e . 1::.3
Marion, flows 8t .o l,?
springs e 65

MArl, BranCR COUILY . .entttenatnnt e et et et e b et as et es et 180
Maple river bottom ...... e B 189
Marquette City, analysis water quppl\ .. e 113, 114, 115-118
Do T:Ys B 5 V< ST g R R 183

See Light House POIBT . .viiviirir i 244

Marshall sandstone, HOWSs TLOML .. ovetiuren et 48, 51, 52, 53, 54, 56
TNOTRITIC OFL v vr vt ieerenns e et einensonnssenaeeasanssstsseneacascnsannoessons 88

spring from . 89

wells in 02, 2.‘)4—1'

water analyses 3, 107

Marshallville, HOWS Gt . .oiu it it e e i i e e 963)
Mason, J. J., Berea gUit ... _53_
MASON, TLOWE B v trrrtereearae st e et atie e tiesaiisiraeneonssansens o%
Mass City brickyard, well at ..o ..163, 179, 184 1§’)
Mattison lake, elevation . ... e ]
Mattison township, wells I .ovoeriareiiiiiiii e .. ogi
Maxville HMeSTONE ...ocviiirnrrarnrinnen ety 204
Maybee, elevation of .......oeeveiiiiiiiiiiiiiiiiiiiii i, o oé
Mayr, H., water level ......c.o.cciiiiiiiiiiiiiiiinn, 22, 2
Mayvilie, lOWS 8t .vvorirrrvrne i ;34
Mecosta, flows at ............. e 58
Mecosta county, FlOWS I . oooiuiuriiie et 5§
soil analysis 15

Medina township, Wells IN ..ooouiuiiioii et 87
Melaphyre in Porcupines ........... 39, 40. s‘fl
MemMPRIS, HOWS AL« vrrtienteeaean et a st e e 50
Mendon, elevation S8t. Joseph river 82
BAZE AL 4 v ettt e e e e e 80
Mendon township, wells N ooieiiie i 92
Mendota limestone .......cooiei i ..125, 129, 179
Menominee, artesian well analyses .122, 123
AOWINE WIS o vuttttttnit i e ettt e st ettt ae ettt 121
water works water analyses .. 119, 120
Menominee county, clay AMALYSES ..oovvr et 1?4
Meridian, fIOWS A . veuteuuunnnianeventaer ettt e e e ::2
Merrill, flows at .... .. 56
Mesnard quartzite, road metal ... .. ..o e 18§
Michigan Academy of SCIENCE «.oviviceit i . 297
Michigan ATRAIT €O, .uriitiii et e .179, 180
Michigan Engineering Society, on pavements ...........c......ooenn 183
topographic survey ............. . 299
Michigan Torestry Commission .........c.occiiiiiiiieinnn 9, 29
Michigan Torestry ReSEIVE ....cecenviiiiiiiimiaiiiiieeicne 9, 27
conclusion .......... 30
future of ... il 28
relation to Kent county ....... e e 28
relation to that further north ......... . 28

See Roscommon and Crawford counties.

Michigan geological fOrmAationg .......oovviiiiiviiiiriiiniieriertie o 287289
Michigan Geologlca] Survey, financial statement ... .. ..o 30§
relation to other organizations ....... ..o 297
Michigan Sand-Lime Brick €0, «ooueeroiniiiiiniiiiiiiiiiiiia e 192
Michigan series, shale ClAF Of ..cccveiiiiir it })gg

ME. PIEASANT «vvvreneanseennrnetanrnenre sannanes conronnneamtosieananarinnass 26
Mich. Sulphate Fibre Co., well sections ..o 7, 72

42
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Middleton, Chas., well sections
Midland. springs at e
water analysis .............
Midland Chemical Co., water test ..
Midland county, flows in
Milan, elevation of .......
well record.........
Milan township, flows in
Millbrook, flows at ..........
Millett, flows in
Mills, well at .
Milwaukee, Wis., well .................
Minden Clty, ﬂows at ...... e
Mines, location of in Pmcupmes
Mio, springs at .............
Missaukee county, flows in ............
soil analysis ..
Mixed type of vegetation
Moist soils
Moline, flows at
springs .
Monitor township, ﬁows in .......
Monitor Oil and Gag Company
Monroe city, flows at ..................
Monroe county flows ...
Monroe formation ........... i i
Montague, flows at 175 176, 178, 985
Montreal river analysis, Tronwood R

1lgooxepaxk topoglaphy .......... e
oraines ..., S PO A i
Motlor st depth o .10, 11, 21, 74, 75-79
Morrice, anticline ...... bo2
flows near e
Morrison, A., well driller o
Moscow township, wells in s
Mosherville, wells at ................... S
Mt e 89
Mt. Bohemia Gabbro- ophiteg o
sulphites ....... e
Mt. Clemens, anticlinal, oil and gas .. o
bitulithic pavement Py
flows at ........ooiiiiii e

moraine at .....................

springs ......... ‘

Mount Houghton, felsites

Mt. Pleasant, flows at ............
well section ....... .

Muenscher, Col. @. w., topoalaphlc 5111\’65' .

Muir, flows at .....oo.oviiiii o

Mumsmw buck yard .......

Murchisonia sp?

topography
vegetation
Muskegon, flows near ........
well section ........
Muskegon river, flows in basin of .
SPrings ........oinll. o
topography ................ o
vegetation ...l 2
21
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Page.

Napoleon, springs at ....... cen 1?);
Napoleon sandstone, water analyses o
National mine, selenite ....... 2

Nattress, Thomas, limestone bedc ......

Neebish Island, well section

Negaunee, road materials ...

water analysis

New Baltimore, lows ...ooiieeiiiiiiniieiainieaes

Newaygo, flows near ..........

Newberg township, wells in ....

Newberry, lows at .....coovivieininn

New Boston, elevation of

New Haven, flOWS ..co.cvvirrermresiieisaranscntescinaaaas

New Richmond sandstone ..

New Troy, flows at «...veevrences

New York, Caleiferous, correlation

New York geological formations ...... iveereasena ereeecarennne

Newcombe, F. C., biological survey .............c.et PR ..

Niagara formation, Michigan ............
flows from ...........een . Chesees
on Limestone mountain ..
Wisconsin ...

Nileg, anticlinal, oil and gas ..

water supply
analysis
well section ...........
Nonesuch mine, levels to ......
Nonesuch road, levels along .
North American Chemical Co., brine analysis ...
North street, Aows 8t «ovvivrrieereiiriiiiriorncaicnee
Northville, flows At . .covvvie i
Norway, water analyses ....... .
Norway hill, topography and soxls .
Norway pine type of vegetation ...
Norwood, springs ......ccoviveeeennn
NOELAWA CTEEE v ttiniieieeiiieieraaanasetseseinennansnes
Nottawa township, wells
Novesta, flows at ............
Nunica, springs

Qak Grove, flows at ...... 52
Oak Grove sanitarium, ﬂow at .. -533
Oakland county, flows in ........ 9(3
S0il MAD Of .+ ovviirviinienriienisaans feresracens :_)
SPTINES TN «vvvnrrrenrrererenioissetniiiioiananonones 65
Oakwood, HOW At .vovviiiiiiiorineiinenons e braveeneesaenaasrerares 123
Oberdorffer, W. 8., clay analysis . ...ovvvviiiiiiiiiines e ere tareeeribeteaeis e anas 185
Ogden Center, flows at ......cooovvvenns veeeean 49
wells at ...

Ogden township, wells in ..

i eological formations
on” R 175, 271, 274

[ 3 T R TR R R R R TR o
Olivet, flows In ....ccovenn .

Olivine ..ooovviiiiiiiiiiiieeanens 2. 2‘36 249
Omer, flows in ......oo0vnnn

Onaway limestone
Onaway Portland Cement Co.
Onekama, flows at
Oneota, formation
Ontonagon county
Ontwa township, wells in ..

Open Meadow type of vegetation
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Ophite o

Orcharding :

Ordovician ‘
128

Orthoceras sp? .

Orthoclase, center of dlke .

Orton, E., Jr. ........c......

Oltonwlle flows at ...

Osceola county, flows at

Osceola mine .......................

Oscoda county, soil analyses .......... .

Oshkosh, Wis., well ....................
flowing wells

Osseo, wells at
Otsego, flows at
Ottawa Point ....................
Otter piver, flows T o I
Ovid township, wells in . N
Owen, Floyd D.
Owosso, flows at ..
mmeral Watel

Page, Chas., Monitor oil well
Palatine Portland Cement Co.
Paleozoic land area, emergence of
Palmer, A. W., record Neebish well ...... '
Palme1 lake, elevation .......................
Palmyra township, wells in
Paper mills, limestone for
Park township, wells in ...............
Parkville, topography ....
Parma, wells at .....
Parma sandstone ..
Parnall, W. E. ....ocooviviniininin...
Paw Paw, ﬂows at o e
valley, springs . .

Peat, analysis ......oooovviinviinnninins

b0, tempenatare op 11T

general

Michigan Forest Reselve

moss, conductivity of
Penn, flows at .........

elevation of road nmth ﬁom
Penn township, wells in ..
Pentamerus oblongus .
Pentogan, well at .............
Peppel, 8. V., sand brick ...................
Pequaming, fows east of ..................... e
Percy, T., oil and gas driller . o
Perkins, wells at o
Petoskey limestone N BN
Petreville, flows in S
Pewabic amygdaloid
Pewabic and Qnuincy lode .
Pewamo, lows at .....ooovviniiinnnii..,
PhySiogiaphy. detormimine et T
Dintt Bron . det ana]}sfs getational distribution
Pickerel lake, elevation ...........
Pierce, B. 0., soil temperatures
Pike, H. H. Son8 ..o vvvvvvnrnnnnnnn..

Pinconning, analysis surface water
Pinconning township., flows in ........
Pine creek, Norway. water analysis
Pine lake analysis, Ironwood ....cocccieviariraenirenanens
Pine lake, flows near
shale beds

Pine river basin, analyses ........cccavee
flows in

springs in ..o.oeeeeen

Pittshurgh No. 8 coal analysis ..........
Pittsford geodetic station, elevation of F N
moraine at

-1 =1 N
Uk =L

R. R. station, elevation T4

Pittsford township, wells in 87
Pleasant lake, elevation .... ZR
Pleasant valley, flows at ... HR
Pleistocene, clay analysis ....ocooviiiiiiiiiiiiiinaanes 187
FHOTE TIOIIL -+ tv v e peevan e eeeas s aans aanseaeae s aasta s s s teo st coe i tsr i trr et 48

formation ........cooeiiiiini s . 294
Pleurotomaria sp" . 179
Plumville, flows at ............t 39

Plymouth township, flows in .
Pokagon, flows at .............
Pokagon CTEEK ......veeiiiiveriaarineiiaiiiianes
elevation ......c.eoveviniiiinns
Pokagon township, wells in ...
Pontiac, asphalt blocks .....
bitulithic pavement .
SPPANES AL veveenneeetsinner e
Porcupine mountains, Teport o ........c.coeevecrceerieens
Porosity of Light House Point rock ...
of sand and gravel ................
of soil e
Port Huron, antlchnal 011 and 2as
bitulithic pavement
brine analysis
FOWS AL vvvvecevenrinorrnriaasocensseresaanssnses
marl beds ....ooviiiiiainnes
well gections
Port Huron-Saginaw moraine ..
Portage 1ake, LODPOZTADNY .evivunrirririraraiinauirtiinnr e teeerees
Portage lake, water analysis .
Portage river, elevation ...........o.cveveniienens
Porter township, wells in
Portland cements
Posepny, F., on origin of COPDET .« .vverteanimianianarsarnerneneroes
Posey lake, eleVation .....oovein