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INTRODUCTION.

Delaware county belongs to Northeastern Iowa, a region
that has become noted the world over by reason of McGee’s
exhaustive memoir on its Pleistocene history.* Delaware
lies directly west of Dubuque county and its northeast.corner
is only about eight or ten miles distant in a direct line from
‘the Mississippi river. Its fertile lands early attracted the
stream of settlers overflowing from the mining region around
Dubuque. The main body of the county is included in the
great Towan drift pla_in, but In the extreme northeast it
embraces some of the rugged irregularities of the Driftless
Area. Delaware has Clayton county on the north, Buchanan
on the west, and Jones and Linn bound it on the south. The
eastern boundary of the countyis twelve miles west of the
Fifth Principal Meridian, the north-south line to which all the
ranges of townships in the state are referred. The county is
cut into approximately symmetrical north and south halves by
the Second Correction line. Sixteen congressional townships
are included in the area, the eight townships north of the
correction line being severally somewhat larger than those
south of it. '

*Pleistocene History of Northeastern- Iowa, Eleventh Ann. Rept. U. 8. Geol. Surv., pp
18§-577. Washington, 1891 .
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The area at present included in Delaware county was
among the first regions west of the Mississippi to be studied
by geologists. It was traversed in the autumn of 1839 by a
party organized, under the direction of Dr. David Dale Owen,
to explore the mineral lands of the United States. Each
township was examined, quarter section by quarter section,
and notes were made on the timber, soils and rock exposures.
In the published report* of this exploration the detailed
observations on the several townships are presented in short
paragraphs under the following heading.

““ Description of the individual townships, showing the face of
the country, proportion of prairie and timber, how watered, nature
of the soil, and the kind of rocks and minerals.”

Owen’s work of that year began below Davenport and was
carried, in Towa, as far north as McGregor, and so Delaware
county is only a small part of the area explored by the remark-
able survey of the autumn of the year 1839. The soils are
- graded as first, second and third class—first class soils, in the
judgment of the pioneer explorer, being rather rare, even in
Delaware county. No minerals were noted in the area we are
considering except some indications of iron ore. Under the
head of ‘‘Fossilsof the Coralline Beds of the Upper Magnesia
Cliff Limestone of Towa and Wisconsin,” Dr. Owen, on plates
xiii and xiv, gives excellent figures of a number of the
common fossils of the Niagara limestone as it is developed in
Delaware county. Many are described as new species, but
for some reason Owen’s specific names have not received the
recognition from later students of Paleontology that they
clearly deserve.

Mr. J. D. Whitney, Assistant Geologist on the Survey con-
ducted by James Hall, notes very briefly soms of the charac-
teristic features of Delaware county.t No detailed investiga-
tions were made in the county, and the essential facts reported

are embraced in the simple statements that the region is mostly

*Rept. of a Geological Exploration ef Part of Llowa, Wis.and I1l., in the Autumn of the yea.r
839. David Dale Owen, M. D. Ordered printed June 11, 1344.
+ Rept. Geol. Surv. of Iowa, James Hall and:!J. D. Whitney, vol. I, part i, p. 205. 1858.
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rolling prairie, it is drained by the Maquoketa river and its
branches, the rock exposures are not. satisfaetory, and the
rocks seen in place belong to the Niagara limestone.

The report of Dr. C. A. White* makes no reference specific-
ally to Delaware county, but on the geological map accom-
panying the report the county is included in-the area occupled
by formations of the Upper Silurian period.

In McGee’s memoir on northeastern Towat there are many
references to geological phenomena in Delaware county. The
1ndurated rocks-and superficial deposits receive more or less
attention. - The Rockyille conglomerate is noted for the first
time in geological literature, and a new formatlon is thus
added to the geological section of northeastern Towa.

In Professor Norton’s report} on the Artesian Wells of
Towa there is a detaﬂed description of the deep ‘well at Man-
chester.

Short papers re]atmg more or less directly to the geology
of Delaware county, have appeared in the Geological Magazine,
the American Journal of Secience, the American G‘eologist and
the Proceedings of the Iowa Academy of Sciences, under the
authorship respectively of McGee, Wilson and Calvin.

PHYSIOGRAPHY.

The.topography of Delaware county includes a number of
interesting and unique forms. About two-thirds of the sur- -
face is occupied by Iowan drift, and this area, with some
exceptions to be noted later, presents the rather monotonous
alternations of gently rounded eminences,and broad,irregularly
disposed swales, or “sloughs,” that, in" the absence of more
perfectly defined drainage channels, serve as water courses
to carry the storm waters to the larger streams. In the
typical Iowan drift plain the topography shows no erosional
forms,the irregularities of the surface, such as they are, being
W«a Geol. Surv. of the State of Icwa, by Charles A. White, M. D., Des Moines, '

+Op. Cit.

fArtesian Wells of Towa, by William Harm>jn Norton. Iowa Gzol. Surv., vol. VI, pp’
113-428. Des Moines, 1897. .
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Fi1G. 1. KnoD of limestone projecting through the Towan drift plain in sw. qr. sec-
tion 2, Delaware township. Delaware county.

Fiec 2. A very symmetrical rounded boss of Niagara limestone rising conspicuously
above the Iowan drift plain in sw. qr. sec. 12, Oneida township, Delaware county.
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due mainly to the eccentricities of ice molding. The Iowan
drift plain is best developed southwest of the Maquoketa
river, in Adams, Hazel Green, Prairie, Milo and Coffins Grove
townships. Northeast of the river the best examples of the
drift plain are found in Delaware, Ho_ney Creek, Oneida and
Bremen townships. The characteristic plain of Iowan drift
was, at the time of settlement of the county, a gently undu-
lating treeless expanse, covered in summer with a luxuriant
growth of prairie grass, and dotted with numerous bowlders
of grayish or reddish porphyritic granite. The low lands, or
sloughs, were undrained, and; except in the neighborhood of
the main streams, there were practically no indications of’
erosion as a factor in the genesis of the topography. Since
the settlement of the county many of the sloughs have been
artificially drained, and many more have been drained. by
ditches of varying depth cut in the rich, black loam by storm
waters gathered from the higher grounds and flowing along
the axes of the broad, shallow depressions.

Within the area properiy belonging to the Towan drift there
are a number of exceptional topographic features. One group
of these is due vo the fact that near the margin of the Iowan
ice the materials of the drift were too scant wholly to conceal
the irregularities of the pre-Iowan surface. Accordingly
some of the pre-Towan knobs and prominences project above
the mantle of drift. Some of these are symmetrically rounded
rocky knolls that, viewed from a short distance, bear a very
striking resemblance to the tumuli of the mound builders. A
very characteristic example of these pseudo-tumuli is seen in
the Nw. + of Sw. % of section 2, Delaware township (Plate
vii, Fig. 1). This stony knobrises twelve feet above the level of
the drift immediately surrounding it. It is eomposed of very
much weathered Niagara dolomite which contains silicified
specimens of Favosites favosus, Alveolites undosus, Syringopora,
Amplexus shumardi, Zaphrentis and some very obscure Strom-
atoporoids. Another similar knob, very striking on account

of its symmetrically rounded form rising above the drift
il G Rep.
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mantled plaih‘, oceurs in the Nw. 1 of Sw. } of section 12,
Oneida township. The rock here is thin bedded, and much
decayed on the outside ( Plate vii, Flg 2).. It has been quarried
to some extent for road material, and amongst the debris there
occur imperfect specimens of Fauvosites favosus. These knobs
bear no constant i'elation to surrounding altitudes. Theymay
occur in any satuaﬁnon fromtops of hills of moderate height to
low grounds bordermg the pralme streams. The first example
given above is found on.a hill top, the second oceurs on the
border of a low plain, through which flows a branch of Plum
creek. :

Another feature, which is after all but a modlﬁoatlon of the
preceding, is found in the form of weathered crags andirr egu-
lar rock masses that,in certain cases, occupy spaoes covering
some hundreds of acres. The deeply pitted, weather-beaten
rooks and the absence of till sug gnst that some of these areas
never were invaded by Iowan ice. ‘The topography within
such areas is usually very 1rregular and is in fact dué to pre-

Towan erosion and weathering of massive Niagara dolomite.
An example of the topography under eon51derat10n oeeurs in
the region 1mmed1ately ad30m1ng the town of Earlvﬂle, par-
ticularly on the west and south. In the east half of section
21, Oneida township, is a small, nearly driftless valley bounded
by weather-beaten crags. The topography is plainly pre-
Towan. The crags show effects of prolonged weathering, and
the relief is wholly inconsistent with known effects of erosion
since the close of the Towan stage Another very typmal ‘
example of the same type of topography occurs in the Sw. &

. of section 2 and Se. 1 of seetlon 3'in Delhi township. Driftis
practically absent and the scant surface materials are wholly

insufficient to eover up the jagged, weather ed ledges of

Niagara limestone, or to fill up the small gulches and crevices
between [the prominent projecting masses (Plate viii, Fig. 1).
The rock here, as in all cases of the same kind elsewhere, has
weathered into fantastic shapes. The surface is deeply
pitted, and everything betokens exposure to the atmosphere
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F1g. 1. View of a portion of the stony knob projecting through the drift in se. qr. sec-
tion 3, Delhi township, Delaware county, showing the weathered, fissured and pitted
condition of the limestone.

FI1G. 2. Valley of Elk creek bounded by hills 220 feet high. The topography is that of
the driftless area, view taken in section 10, Elk township, Delaware county.
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e

for a much longer period than post-Towan time. At this point
the rocks are quite barren of fossils. Favosites favosus and a
large celled variety of Halysites catenviatus occur very spar-
ingly. A number of areas of the same type are scattered
through North Fork township, being especially prominent in
sections 10, 22 and 27, and driftless rocky ridges occur in sec-
tion 36 of Bremen township. In thislastcase the rock ledges
are rendered very conspicuous by the fact that they rise
somewhat abruptly above a low and very level plain covered
with a thin mantle of Towan drift. The low plain referred to
is a part of the wide preglacial valley of Bear creek. In
sections 15, 16 and 22 of the last named township, there is a
somewhat rounded foeky hill projecting abruptly above the
plain of Towan drift. There are some rocky points in a plain
-of Towan drift near Sand Spring in South Fork township.
There are also similar rocky points in sections 6, 7 and 18 of
Milo townshlp and in section 12 of Prairie. :
With the exception of the cases cited in Milo and Prairie
townships, all the remnants of pre-Iowan topography within
the proper limits of the area belonging to the Towan drift are
found near the line which marks the extreme eastern border
of the Iowan glaciers. That the Towan ice invaded some of
the areas referred to is indicated by typical bowlders lying on
bare rock surfaces or on residual clays and cherts; but finer
materials, such as ordinarily make up the main body of the
drift sheet, seem to have beenlocally absent. _ :
Other exceptional topographic forms, similarly limited to-
the marginal zone of Iowan drift, are found in the peculiar
ridges called paha by McGee.* The typical paha are isolated,
elongated hills rising above the Iowan drift plain. Super--
ficially they are composed of loess, a fine, yellow, pebbleless
clay, but the loess usually forms a relatively thin mantle over
a core of rock or of Kansan drift. The paha ridges are not
always isolated. A’ chain or series of such ridges, more or

* Pleistocene History of Northeastern Iowa, Eleventh Ann. Rept. U. 8. Geol. Surv., p. 220
Washington, 18391,
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less intimately connected one with another, may extend across
the country for miles; -and in many cases the paha are simply,
lobes or digit-like extensions projecting into the relatively
low, drift-covered plain from a larger body of loess that may -
cover continuously an area of many square miles in extent.
Good examples of isolated paha are seen in sections 3, 4 and
12 of Honey Creek township, and in 6, 7 and 18 of Elk. There
is a very beautiful cluster of these loess-covered ridges in
sections 23, 24, 25 and 26 of Oneida township, and there is
another groupi in 9, 10 and 15 of South Fork.

Of the paha ridges connected with continuous areas of
loess, mention may be made of the chain of loess hills extend-

ing from section 6 to section 10-0f North Fork township. In
~ sections 27 and 28 of Union township there is-another very
prominent ridge of the same type. Others are found in the
northwestern sections of Union and at other points around the
" ‘margins of the extensive loess-covered areas presently to be
noted.

A third exceptional topographic form within the area prop-
-erly belonging to the Iowan drift occurs in the form of sand
_ridges, or dunes, of ®olian origin. While on the whole these
ridges are inconspicuous features of the landscape, they oceur
in certain localities in such numbers as to force themselves
upon the attention. One of the most definitely marked ridges
.of wind-blown sand is found at the ‘“‘Sand corners,”” at and
around the southeast corner of section 1, Delaware township.
‘Wind drift sand, in places occurring in ridges and in places
:spread out on a comparatively level surface, is very abundant
in the southeast half of North Fork township, and a moder-
ately conspicuous sand ridge, with a definitely northwest-
southeast trend similar to that of the isolated paha, occupies
parts of sections 17 and 18 in South Fork township.

Besides the paha already described, there are in Delaware
county continuous areas of considerable extent covered with
loess. Within these larger loess-covered regions no Iowan
drift was observed, and it is quite certain that, in some cases
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at least, they were never invaded by Iowan ice. In all these
regions erosional topography prevails. The surface, as a rule,
is carved into ridges and narrow valleys. There are no
undrained sloughs, but everywhere the drainage is perfect
and the water courses well defined. The margins of these
regions, where the loess hills begin and the Iowan drift ends,
are always higher than the adjacent drift plains, a fact very
fully and very graphically described by Mc(Gee in the work
on northeastern Iowa already cited. One of the areas in
question embraces all of Colony township and parts of Eik,
Oneida and Bremen. This region contains Kansan drift, cov-
ered very generally with loess. The Towan ice seems to have
reached its extreme eastern margin along a very sinuous line
drawn from the northwest corner of Elk township to near the
southeast” corner of section 25, Bremen township. On one
side of that line is a relatively low plain, on the other side are
loess ridges rising from twenty to forty, or even sixty, feet
higher. On one side a gently undulating plain, without trace
of erosional topographic forms; on the other side sharply
rounded hills and V-shaped valleys, the whole surface deeply
trenched and molded by erosion. On one side Towan drift,
Towan bowlders and black, loamy soil; on the other side noth-
ing but Kansan drift occasionally revealed in the water-worn
gullies under a heavy mantle of loess, and uneven, rough,
hilly farms with a soil composed of yellow loess clay. The
transition is so abrupt as to create surprise even in the mind
of the experienced student of Pleistocene deposits and their
attendant topographic forms.

Northeast of the line which marks the limit of the Towan
drift, two types of topography are clearly recognizable. Apart
from the valleys of the main drainage streams, the loess, in
general, forms a mantle resting upon an eroded surface of
Kansan drift, and the loess itself has suffered much erosion
since it was deposited. The present surface configuration is
due, therefore, to effects produced during two periods of ero-
sion, both post-Kansan. The first erosion period extended
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over the very long interval between the deposition of the
Kansan drift and ‘the deposition of the loess. During this
period the drift surface was deeply carved, and when later the
loess was molded over the irregularities of this surface the
old pre-loessial lines of drainage were not so completely oblit-
erated but that they controlled to a large extent the lines
along which erosion attacked the new deposit. The fine silt-
like loess is easily cut by surface drainage, and post-loessial
erosion has in most cases tended to accentuate the irregular-
ities of the surface on which this deposit of fine yellow clay
was laid down. The particular surface configuration developed
in the manner ]ust described has sufficient individuality to
deserve a distinctive name, and may be called loess-Kansan
topography. ‘
In the south-central part of Colony townshlp, about the
-headwaters of the numerous branches of Bear creek, the loess-
Kansan surface is more than usually level and at first sight
suggests a gently undulating plain of Towa drift. Thesurface,
however, is covered with loess, and it requires no very close
inspection to see that the irregularities, though not very pro-
nounced, are erosional in type. The characteristics of this
rather level loess-Kansan plain, embracing the initial branches
of Bear creek, and differing so sharply from the rest of the
loess-Kansan area, are probably related to the fact that the
lowan ice, at the time the loess was depositing, filled the
Vallefr of Bear creek as far north as sections ,:10 and 11 of
Bremen township. During all the time the Towan ice occupied
the valley there was no drainage of the basin embracing the
head water branches of the creek, except by overflow toward
the northeast into the Little Turkey river.- There was, there-
fore, no erosion of the surface of the basin so long as the
Towan ice remained stationary, and even after the retreat of
this ice the flow of water down Bear creek valley was not very
energetic. On the other hand, the rest of the loess-Kansan
area in northeastern Delaware is drained toward the north-
east, the surface waters flowing with great energy toward the
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~ deep stream channels of the Driftless area. This drainage
was not checked by the Towan ice. Erosion proceeded unin-
terruptedly during the whole period of the ice invasion, and
the swollen streams flowing away from the margin of the ice
served to intensify the effects of the erosive processes.

While loess-Kansan topography is the prevailing type in
that part of Delaware county which lies beyond the margin of
the Towan drift, there is yet another type well expressed along
Elk creek and its tributaries in the northern part of Elk town-
ship, and along Little Turkey river and some of its branches
in the northeastern part of Colony. Here the stream valleys
are from 200 to 280 feet in depth. They are not limited to
erosion in drift or loess. They are gorges or canyons cut
through ledge : after ledge of Niagara limestone and down into
the underlying M a,quoketa, shales. Drift and loess are absent
in these deeper valléys. The work of carving them was nearly
all accomplished in preglacial time. They illustrate the
Driftless area topography.

Driftless area topography ;is illustrated along the whole
course of Elk creek an‘d its branches from sections 16 and 23
of Elk township to the north line of the county.. Steep, rocky
walls bound the valleys of the streams (Plate wiii, Fig. 2), and
for some distance on both sides of the valleys the surface
materials consist of a thin mantle of loess overlying residual
clays and cherts. In the Se. % of the Ne. 1 of section 10 the
nearly vertical rocky bluffs rise to a height of 220 feet above
the level of the stream. From the hilltop overlooking the
valley in section 1 of Elk township, to the bottom of the gorge,
the difference in level is 275 feet.. The Little Turkey river
flows in a deep, piéturesque valley which traverses sections
1, 2, 11, 14 and 15 of Colony township. A small tributary of
Little Turkey which begins in the northeast quarter of section
3 of the same township, has a valley characterized by even
wilder grandeur than that of the main stream. Weathered
cliffs, tumbled crags, and precipices over which the waters
plunge when set in motion by melting snows, or following
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heavy rains, are some of the strlkmg features of this charming
bit of Driftless topography The max1mum depth of the
driftless valleys in Colony townshlp is 280 feet

Inside the- Iowan area, ‘and- surrounded on all s1des by Iowan
drift, are two anoma,lous reglons tha.t seem not to ‘have been
1nva,ded by Towanice. One of the reclons ooeuples the cen-
tral part of Richland townslnp and may be called the Rmhland ~
h1ghlands The other embraoes three fourths of Delh1 town-
ship and parts of M1lo North Fork, South Fork and Union
towns‘nlps and may for. convenience of reference be named
the Delhi plateau. The Tegions in questlon seem to ‘have
been islands in the midst of the Iowan glamal sea. At alt
events they contain no Iowan drift.” The togography is ero-
sional, pa,rtly resembhnc the loess Kansan type, partly that
of the Driftless area,. Exoept in the stream valleys the sur-
face is on the a,verao'e “higheér. than that of the Jowan - drift
plain, the difference in elevation’ rangmg “from' forty to more
than a hundred feet. ‘Bothareasare traversed by the M.a.quo-
keta river. In each there are heavy bodles of loess  exhibit-
ing the rounded ‘hills; steep ‘'slopes a.nd sharp va,lleys that_
result from erosion of this peoullar deposﬂ; In éach there
aré spaces, free from: both loess and drift, in- which sﬁeep :
rooky ohﬁs, 1solated towers, and all other features of Drift-
less area topog1 aphy are eharaotemstwally developed |

The region in Rlchland townshlp mcludes the . somewhat
notedlooa,llty known as the “Backbone.’” " The ““Backbone ”’
is 2 high rocky rldge around Wthh the \/la,quokeba forms a
loop.- The summit of the rldge rises from 90 to 140 feet above
the strea,m Tts s1des are in places preolpn:ous the - rooky
ellﬁs risSing sheer for more than 80 feet. “Erosion and secular
deea,y have carved the rooks into plbturesque columns towers, -
castles, battlements and flying buttresses. The exposed sur-
faces are deeply pltted and weather worn (Plate ix, Fig. 1).
Crevices, widened by protracted chemical -action of air and
water, are wholly or partly filled with dark-brown' residual
clay or geest. The stream, on each side of the ridge, flows in
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Fra. 1. The “Stairway” at the Backbone in section 16,
Richland towunship, Delaware county. The view shows
a portion of the vertical, weather -beaten clifls.

PrATe 1X.

14, 2. Beus vl pussuge trom Muaquoketa shales to Ni-
agara limestone. The heavy ledges at the top of the
view are Niagara. The thiner layers belong to the
transition phase of the Maquoketa. Ne. qr. section
15, ik township, Delaware county.
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a deep valley. The ‘‘Backbone’’ with its valleys on the east
and west is a bit of Driftless area, and the sections north of
the  Backbone,” namely, 3, 4, 5, 8, 9 and 10, as well as the
region to the southeast between the center of section 16 and
Forestville, and southward along the river to section 34, con-
stitute a region of loess-Kansan topography.

Between the south end of the area just described and the
southeast quarter of section 4 of Milo township, the Maquo-
keta flows through the Iowan drift plain, in a valley but little
depressed below the general level of the country. In the
northern part of Milo township, the river enters the second
of the anomalous areas, and in doing so it turns away from a
low drift-plain to cleave its way through an area that rises
from 80 to 100 feet higher than that from which it turned
aside. These areas of anomalous topography afford illus-
trations of McGee’s anomalous rivers. In section 5, where

the stream crosses the: north line of Milo township, the
" river channel is but a shallow trough in Towan drift, and
“the drift plain, with little change of level, extends for many
miles towards the south. In the east part of section 9 of the
same township the stream flows in an ‘old rock-walled valley
of erosion approximately 200 feet in depth.. The gradient of
the stream is not perceptibly changed, the greater depth of
the valley being due to the increase in altitude of the general
surface in passing from the first to the second point mentioned.

With one or two unimportant exceptions, the Maquoketa.
flows in a comparatively deep canyon all the way from section
9 of Milo township to the south line of Delaware county. At
Hartwick, in section 30 of Delhi township, the valley is 190
feet in depth, and at Fleming’s mill, a mile east of Hartwick,
the depth is 215 feet. In Delhi township and in the northern
part of Union the stream valley is cut through a plateau and
not through a ridge, as is usual with other anomalous rivers.
The plateau has an extreme width of about ten miles, extend-
ing from section 23 of Milo township to section 21 of North
Fork, and embracing in its eastern margin the valley of Plum
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creek. Loess hills all around its border rise sixty or eighty
feet above the adjacent drift plain, and throughoﬁt its entire
area of about sixty-five square miles the topography is ero-
sional. Loess hills predominate, but there are some areas
covered with sand, and in some places weathered crags of
Niagara limestone control the character of the topographic.
forms. ' |

At Hopkinton the Maquoketa emerges from its canyon and
skirts for a short distance the eastern edge of the loess-cov-
‘ered highlands; but, although the low plain followed by the
railway to Monticello might have been traversed with a very
slight amount of chanmnel cutting, the stream turns abruptly
into the hills, and has excavated a gorge 165 feet in depth in
ledges of limestone. This gorge cuts longitudinally through
a ridge that overlooks plains of Towan drift both on the east
and west.

The North Maquoketa ﬁows through a high, loess-covered
ridge, free from Jowan drift, in sections 1 and 12 of South
Fork township, and the Iowan drift plain between this ridge -
and the loess hills bordering Plum creek, looking like a much
depressed valley, affords an impressive 111ustrat10n of McGee’s
paradoxical divides.*

Even the cores of the paha that are dlstrlbuted near the -
margin of the loess-covered areas appear to have been islands
in the Towan glacial sea, for they consist usually of rock
masses, or of ridges of Kansan drift,. and bear no evidence of
having been overtopped by Iowan ice. :

Finally, there are some striking topographic forms due to
the unequal distribution of Towan drift within the limits of
the Iowan drift plain. The gentler undulations, due to ice
molding, which in general express the difference between the
uplands and the sloughs, give place at one or two points to
pronouneed hills or ridges of drift resembling moraines. The

* This valley-like divide west of the ridge through which flows the"Norih Maguoketa is
very graphically described by McGee in his Pleistocene History of Northeastern Iowa. Eleventh

Ann. Rept. U. S. Geol. Surv., pp. 218-219. Other divides of the same paradoxical type are
described on other pages of the work cited.
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best examples of the ridges referred to oceur in-the southern
part of Milo township and in the southern part of Hazel Green.
A ridge of Towan drift, without loess, extends in a nearly east-
west direction through the southern half of sections 21 and 22
of Milo township. Another ridge, with a southeast-northwest
trend, more pronounced and more moraine-like, is found in
sections 33 and 34 of the same township. This ridge is broken
into many knobs and rounded hills. Its height above the
plain on the north and south is ninety feet. Even more
moraine-like is a complicated series of knobs and ridges occur-
ring in sections 27 and 28 of Hazel Green township. The gen-
eral trend is not well defined. The area is more than half a
mile wide, and in length extends beyond the limits of the sec-
tions named.  The aspect is identical with that of a terminal
moraine. Areas of low, wet ground alternate with irregularly
distributed knobs and ridges. The higher points rise eighty
feet above the ordinary level. On the summit of some of the
knobs there is a thin veneer of loess, thus forming a sort of
pseudo-paha; but the main body of the ridges in question
seems to be composed of Towan drift.

DRAINAGE.

One system controls nearly all the drainage of Delaware
county. The Maquoketa river enters the county in Richland
township and flows nearly southeast, leaving the county
finally in South Fork township. Above Forestville, in Rich-
land township, the valley, for some distance, is a rock-walled
gorge cut in N iagara limestone, and for two or three miles
below Forestville the valley retains the gorge-like character
as it passes through loess-covered highiands. In the south-
erin part of Richland township, however, the stream enters
the Towan drift plain through which it flows until it passes
Mzanchester. Two miles below Manchester it leaves the low
plain of Iowan drift to follow a canyon cut in the highlands
that extend from that point to the southern limits of the
county. As already noted, the valley, at certain points in
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the highlands, is more- than 200 feet in depth. The singular
habit, first fully described by McGee of streams avmdmor low
plains and cutting deep chasms through rocky highlands, is
well illustrated at many points along the Maquoketa in Dela-
ware and Jones counties. This puzzling beha,vior has not yet
been fully explained. :

Contrary to the view sometimes entertamed these deep
valleys dissecting uplands are much older than the age of the
loess, older than the Iowan drift, older than the Kansan.
Undisturbed loess comes down on the side of the deep valley
to the level of the water at Flemming’s mill, south of Delhi.
The reddish-brown Buchanan gravels, in beds undisturbed
since the close of the Kansan age of the glacial epoch, lie in
the lowest parts of the valley at Hartwick and Hopkinton.
The erosion in the bottom of this valley, like the erosion on
the drift plain itself, has been inappreciable since the disap-
pearance of the onﬁ?a-'n ice. |

The tributaries of the Maquoketa from the west are mostly
small, unimportant prairie streams that have their headwaters
in the sloughs of the Towan drift plain. Prairie creek, or
Coffins Grove creek, as it is sometimes called, begins in slough
lands in the eastern part of Buchanan county and flows east-
ward through the southern part of Coffins Grove township to
join the Magquoketa a mile above Manchester. In section 28
of Coffins Grove the channel of Prairie creek is cut through
a rocky hill, timbered and covered with some loess, but else-
where the channel of the stream is a shallow depression cut
but little below the general level of the adjacent prairie.

Buck creek and its branches drain the undulating prairie
land of Hazel Green township and part of Milo and Adams.
The upper branches of the stream’ have no definitely marked
channels, the drainage waters being conducted along the sags
or sloughs. Near the center of Hazel Green township the
channel has better definition, but is a mere shallow ditch in
the prairie. In the western part of Union township Buck
creek enters a gap in the loess-covered plateau and flows
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thence to its junction with the Magquoketa in a deep valley,
sometimes between rocky walls that rise 125 feet above the
level of the stream. The walls are developed into picturesque,
rugged, fissured, weather beaten cliffs in section 9 of Union
township. '

A few streams flow into the Maquoketa from the east.
Honey creek, with its principal tributary, Lindsey creek,
drains the larger part of Honey creek township and the
northern part of Delaware. It joins the Maquoketa above
Manchester. Honey creek, together with its branches, is
throughout most of its course a simple prairie stream flowing
in a shallow channel through the ordinary drift plain; but in
the west half of section 35, Honey creek township, the stream
wanders in a broad valley bounded by rocky cliffs twenty-five
feet high. The region contains some deposits of loess, but
there are no signs of Iowandrift. All the drift exposed below
the loess or at the surface is of Kansan type.

Plum creek is the largest affluent of the Maquoketa in Dela-
ware county. Its ramifying branches extend to the northern
part of Oneida and Bremen townships, and the southwest part
-of Elk township pays tribute to this stream through a system
of undefined channels or sloughs. The initial branches and
_upper reaches of Plum creek conform to the usual type of
streams flowing in an uneroded drift plain; but east of Earl-
ville the e’reek:enters the region of the Delhi plateau, lowing
through rock gorges and among loess hills that overlook the
drift-plain throughout most of the remainder of its course, to
its junction with the Maquoketa in section 11 of Union town-
ship. For a short distance, in sections 20, 28 and 29 of North
Fork township, Plum creek follows the western margin of the
low drift plain from which the Delhi plateau rises abruptly to
the westward, but in section 33 of the township named it turns
away from the drift plain to follow a rock-walled chasm cut
through a portion of the plateau. At the top of the chasm

the rock ledges are overlain by residual chert and Kansan
~ drift, but the Towan drift does not rise above the plain which
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constitutes the para‘dbxie&l divide between Plum creek and °
North Maquoketa river. :

The North Maquoketa river flows through the eastern part
of North Fork township, and through sections 1 and 12 of
South Fork. The area draining into the North Maquoketa is
unimportant. Above Rockville in North Fork township and
in its short course in South Fork this stream flows in a deep
valley, the ‘borders of which rise conspicuously above the
general level of the nelghbormg plains. For a few miles
- below Rockville the North Maquoketa has a channel in the
Towan plain, a condition that affords a feasible crossing for
the Farley and Cedar Rapids branch of the Chicago, Milwau-
kee & St. Paul railway.

Bear creek has its origin in a number of small branches
drammcr the central part of Oolony township. It flows south-
ward through sections 2 and 10 of Bremen, emerging from the
loess-Kansan area and passing out upon the Iowan drift near
the southwest corner of the last named section. During the
occupation of the county by Iowan glaciers the lower part of
the valley of Bear creek was choked withice, and the val-
ley was undrained except by overflow to the north into the
valley of Little Turkey river. Asa result of the conditions
noted Bear creek was robbed of part of its drainage area, the
waters from the northern part of this area being permanently
turned into the Little Turkey. From section 10 of Bremen
township, Bear creek flows near the margin of the Iowan
drift, in an ancient valley that.was only partially filled by
glacial debris, and enters the North Maguoketa at Dyersville.

The northeastern part of Elk township and the northern
part of Colony are drained by branches of Turkey river. The
main drainage channels in the locations named trend. toward
the north. Elk creek flows in a rock bound valley that is
more than 200 feet in depth, and the valley of Little Turkey
river, before crossing the north line of Colony township,
attains a depth of nearly 300 feet. The valleys of Elk creek
and Little Turkey properly belong to the Driftless area.
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Buffalo creek receives the drainage from the greater part
of Adams township and from part of Prairie. With the excep-
tion of Robinson creek its affluents in Delaware county are
without définite channels. Buffalo creek is a prairie stream
flowing in a broad concave depression in the drift, all the
erosion it has accomplished being represented by the channel
a few feet in depth. The difference between the amount of -
erosion represented by the valley of Little Turkey river in
the northeast corner of the county and the inconsiderable
channel of Buffalo creek in the southwest iswell nigh immeas-
urable.

The greater part of the surface of Prairie township does
not reveal a single well-defined water course. Over most of
the drift plain, indeed, there has been practically no erosion
since the withdrawal of the Towan glaciers, and even in the
beds of the larger streams the post-Jowan deepening of the
channels has been at most only a few feet. The deep valleys
of the Richland and Delhi highlands, as well as the similar
valley of the North Maquoketa, resemble canyons of pregla-
cial origin. The highly oxidized, reddish-brown Buchanan
gravels near Hopkinton and Hartwick demonstrate that, at

all events, they are older than the Kansan stage of the
Pleistocene.

STRATIGRAPHY.

The geological formations of Delaware county embrace
“representatives of at least two groups, namely, the Paleozoic
and the Cenozoic. A somewhat problematic deposit near
Rockville, the Rockville conglomerate, has with some doubt
been referred by McGee™ to the Cretaceous system, and so
maj_represent the Mesozoic group. Keyest thinks that the
Rockville conglomerate, and other ferruginous conglomerates
in northeastern ITowa are probably Carboniferous instead of
Cretaceous, but the most recent evidence at hand tends to .

* Pleistocene History of Northeastern lowa, by W. J. McRtee, p. 234 and pp. 304-308.
1 Iowa Geol. Surv.,, vol. I. p. 125. Des Moines, 1893.
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support M cGee'’s conclusion, and so in the present report this
deposit will be retained in the taxonomic position to wh1ch it
was first assigned.

The stratigraphic relations of the several formatlons of this
county are expressed in the following

Synoptical Table of Formations in Delaware County.

GROUP. SYSTEM. SERIES. STAGE.

. . v
Recent? Alluvial.

Towan (including Loess
and Towan drift).
‘Cenozoic. Pleistocene.

Glacial. Buchanan.

| Kansan.

In process of forming during all the ages since the post- - (R‘esidua,l'cla.ys and

Silurian elevation of the region abovo sea level. chert‘,‘Ge'est.)
Mesozoic? . | Cretaceous? Upper Cretaceous? Daé]igﬁ.é"rgte(;?kviﬂe con=
Devonian. Middle Devonian. ‘Wapsipinicon.
Paleozoic. TSjiluriag,. 101‘ : Niagara. Delaware.
pper Silurian. _ _ _
- | gg?vg_igﬁg’rgn. Trenton. _ | Maquoketa.
Ordovician.

Y

MAQUOKETA SHALES.

The Maquoketa shales are the oldest of the geological
formations naturally exposed in Delaware county. They are
best seen in the deep, driftless valleys of Elk creek and Little
Turkey river, as well as in-the lateral ravines opening into the
valleys mentioned. There is, however, a very interesting
-occurrence of these shales at the mill dam at Rockville. The
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east end of the dam abuts against thin beds of soft, yellowish,
argillaceous limestone that, for the most part, is rather free
from fossils, but contains impressions of Orthzs testudinaria
down near the level of the water. The plunge of the water
over the mill dam has scooped out a deep pit on the lower
side. Out of this pit there has been carried, and strewn
along down the stream, a great number of very fossiliferous
slabs of shaly limestone. These have all the characteristics
of the fossiliferous beds of the true Hudson river or Cincin-
nati shales. They are very rich in monticuliporoid bryoza.
Plectambonites sericea is exceedingly common, and Strophomena
planumbonae Hall,* 8. nutans James, Orthes testudinaria Dal-
man, as usually recognized in this country, and Orfkis occi-
dentalis Hall, are not rare. Less common are Strophomena
Jilitexta Hall, Zygospira modesta Say and Calymene senaria Con-
rad. These fossil-bearing shales, both lithologically and
faunally, are identical with typical horizons of the Hudson
river shales as developed in southwestern Ohio and eastern
Indiana. ,

The thin-bedded, shaly limestone, above the level of the
river, has a thickness of twenty-five feet, and is overlain by
heavy ledges of dolomitic limestone that are unquestionably
of the age of the Niagara. The shaly limestones, however,
probably all belong to the Maquoketa stage. At least the
lower layers are of this age, for they contain such typical
species as Orthis testudinaria; and the upper portion, desti-
tute of fossils and becoming rather more calcareous, is made
up of transition beds that record the passage from the condi-
tions of deposition which gave rise to blue shales, to those
represented by the Niagara dolomite. The following section
was taken at this point.
mars, Protessor Hall and some other aathors have referred this species to

Strophomena rugosa Rafinesque. See Pal.N. Y., vol. VIII, part i, and Geology of Minnesota,
Final Report, vol. II1, part i.

12 G Rep.
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‘FEET.
6. Loess, resting on residual clays and cherts, without

intervening drift................. ... ... et e Oto 6
5. Rather evenly bedded layers of fairly good quarry

] 70 4 1= 3P .... 30
4. Thin bedded limestone, with mueh chert ...... e 20
3. Heavy ledge of dolomite.............oooiiiiiLL.. 3

2. Argillaceous, yellow limestone, with fossils of Maguo-
keta stage at base, and becoming more calcareous
towards the top; transition beds................... .. 25

1. Blue and gray shales, with thin, calcareous, very fos-
siliferous layers below level of water. Not measured.

The base of No. 3 in the above section may conveniently be
taken as the line of junction between the Maquoketa shales
and the Niagara limestone. Below that line the beds grade
downward into true Ordovician or Lower Silurian; above the
line the cherts and dolomites are typical of the Niagara lime-
stone. 7

At the point where Elk creek crosses the north line of the
county the bottom of the valley is forty feet below the top of
the Maquoketa formation. In this valley the exposures of
the more shaly, clayey phase of the deposit are, however,
neither very numerous nor very sa.tisfaetory In general the
shale is concealed by talus material, and this in turn may be
overgrown by rank vegetation, so that it is only where recent
landslides have occurred that the beds are seen with any
success. Hven then one is not always certain that the
material is in place.

Numerous good exposures of the argillaceous limestone
corresponding to the transition beds, No. 2 of the Rockville
section, occur at intervals along Odell’s branch of Elk creek
in sections 10 and 15 of EKlk township. These transition
beds are invariably capped with heavy ledges of Niagara
limestone (Plate ix, Fig. 2.) "Near the confluence of the
two branches of Elk creek in the Se. ; of Se. £ of section
10 there are some exposures of the shaly beds of the
Maquoketa stage, and at intervals along the valley to the
north line of the county the shales are seen in the banks

t
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of the creek. Just below the calcareous transition beds,
which are uniformly about twenty-five feet in thickness,
there are four feet of indurated blue shale, below which the
beds weather into smooth, plastic potters clay. Consider-
ing the great abundance of fossils in the bluish calcareous
bands beneath the transition beds at Rockville, it is a singular
fact that no fossils of any kind were seen either in the shales
properd@ in the yellow calcareous beds above them, at any of
the exposures in Elk creek V&Hey. The definite localization
of faunas is one of the most striking facts encountered by the
geologist in studying this formation in Iowa.

The best exposures of Maquoketa shales in Delaware county
occur along Little Turkey river and its branches in sections
2 and 3 of Colony township. A deep lateral gorge, eroded by
a small tributary of the Little Turkey in sections 2 and 3, cuts
through nearly the whole thickness of the formation and
affords a number of fairly satisfactory sections. ~At what is
known as the ‘‘big spring” in the Se. } of Ne. ; of section 3
the bottom of the gorge coincides with the base of the transi-
tion beds and the spring issues on top of the shaly portion.

The section taken a few yards below the spring shows:
R FEET.
5. Steep slopes sodded over; not measured.............. ...
4. Niagara limestone in thick heavy ledges............. 10
3. Transition beds; soft, yellowish argillaceous lime-
stone, more shaly below, becoming firmer and more

calcareous above, in thin layers.................... 25

2. Hardened shale, in layers two to four inches thick,

some of the layers containing segments of crinoid
SEEIIS. . o\ttt e 1

1. Bluish shale, indurated, composed of thin laminz, no
©oorganic remains ...l 4

The spring is 230 feet lower than the level-of the plateau on
which Colesburg is built. One-fourth of a mile -below the
spring there is a clay pit from which a large amount of clay
to supply the pottery at Colesburg has been taken. The alti-
tude is sixty feet lower than the spring, and between the
spring and clay pit there is almost a continuoussection of the
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19

shales exposed. Following down the stream a short distance
farther, just beyond the Delaware line, in Clayton county, the
massive dolomitic beds of the Galena limestone are reached.
The Maquoketa shales in this particular locality are very
uniform throughout their entire thickness. Excepting the
. transition beds occupying the upper twenty-five feet of the
formation the whole body is argillaceous. The usualggalcar-
eous fossiliferous bands are absent. If there are any fossil
remains below No. 2 of the big spring section, they escaped
observation. The only differences noted between different
horizons had reference only to varying shades of the blues
and drabs that control the color tones of the formation.

At West Dubuque, Graf and other points in Dubuque county
there are very fossiliferous beds, containing a unique fauna,
near the base of the Maquoketa shales. Near Wadena, in
Fayette county, there are beds, rich in fossils, belonging to
the Cincinnati shales fauna, in the upper part of the forma-
tion. The Cincinnati fauna, with a different proportional
representation of species, occurs just below the transition
beds at Rockville, Delaware county. But in Elk and Colony
townships, of Delaware county, and in some ravines in Clayton
county, a few miles northeast of Edgewood, the exposures of
the Maquoketa shales, some of them showing the entire thick-
ness from top to bottom, are absolutely destitute of organic
remains. This peculiar localization of faunas record condi-
tions of late Ordovican sea bottom not yet explained.

Silurian.
NIAGARA LIMESTONE.
DELAWARE STAGE.

The formation following the Maquoketa shales in ascending
order was designated by Hall* the N iagara limestone; and in
this correlation of a western dolomite, containing a mixed
Clinton and Niagara fauna, with the Niagara shale and lime-

*Rept. on the Geol. Surv. of Iowa, by James Hall and J. D. Whimey, vol. I,-part i, p.
T1. 1858,






IowA GEOLOGICAL SURVEY. PraTE X.

Fic. 1. Fallen masses from the basal ledges of the Niagara limestone, showing the
tendency to split along parallsl planes of lamination. Southwest qr. section 14,
Elk township, Delaware eounty.

Fia. 2. Reglarly bedded prentamerus-bearing limestone in section 31, Bremen town-
ship, one mile east of Eariville.
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stone of western New York, he has been followed by all geol-
ogists who subsequently have studied the formations in this
part of the Mississippi valley.

The Niagara limestone begins as heavy ledges at the top of
the argillaceous limestone which marks the close of the
Maquoketa stage. There is much local variation in the
details when sections in different parts of the county are
compared, but in general the beds near the base of the forma-
tion are heavy, compact, non-fossiliferous dolomite. In some
instances they are massive ledges, four to six feet in thick-
ness, showing no indications of lamination planes. In other
cases they are very distinetly laminated, and readily split
along the horizontal planes of lamination into great blocks
~with parallel faces. This laminated condition of the lower
beds is best seen in Elk and Colony townships. A typical
concrete illustration of the structure described is seen in the
vertical faces of cliffs of Niagara limestone that overhang the
more rapidly weathering transition beds of the Maquoketa
shales in the southwest quarter of section 14, Elk township.
Near the southwest corner of the section named the recession
of the transition beds has undermined the basal ledges of the
Niagara and allowed blocks fifteen to thirty feet in diameter
and ten to fifteen feet in thickness to fall down into the chan-
nel of the creek. In falling the blocks have been pitched at
all angles, and some stand on edge (Plate x, Fig. 1). All
have been split along some of the lamination planes so as to
demonstrate very forcibly the nature of the structure that is
only suggested by the weathered edges of the masses yet in
place. The same structure is equally well illustrated at the
big spring in section 3 of Colony township. The weathered
edges of the undisturbed beds indicate horizontal lamination.
Fallen blocks of great size, cleft by the force of the fall into
relative thin slabs with smooth, parallel surfaces, afford a very
impressive demonstration.

The iaminated condition of the basal ledges of the Niagara
in the northeastern part of Delaware county is the more note-
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" worthy for the reason that at Rockville, in North Fork town-
ship, the corresponding beds are not laminated; and in the
opposite direction, in Fayette and Clayton counties, the beds
immediately above the Maquoketa shales are massive, homo-
geneous, with no more tendency to split horizontally than ver-
tically. The Williams quarry, near the northeast corner of
Fayette county, is worked in basal ledges of Niagara, which
are four to six feet in thickness; and dimension stone is
obtained by sawing the great blocks, after they are quarried,
to the size desired. The laminated condition of the stone in
Elk and Colony townships will have great economic impor-
tance if the demand for heavy dimension stone should ever
malke it an object to operate quarries in these localities.
The laminated basal ledges of Niagara limestone in Elk
creek valley have an aggregate thickness of about twenty-five
feet, and are followed by some definitely bedded dolomite,
which in some places consists of thin layers with considerable
chert. Along Elk creek this second member is ten feet in
thickness. This is followed by a bed of quarry stone in very
definite layers, which range from three to thirty inches in
thickness. The stone is fine-grained, and light yellow tolight
drab in color. The individual layers are homogeneous, with-
out laminae, and sharply separated.one from the other by clayey
partings. HExposures of the quarry.stone horizon occur at a
number of points in section 16 of Elk township, and quarries
are worked on the land of B. A. Baker, George Boehm and
Job Odell. The quarry operatsea by O. Wilcox on land of Mr.
Odell shows a section thirty feet in thickness. The heavier
layers are toward the top of the exposure, and some of these
contain numerous cherty concretions. Near the base of ‘the
quarry the stone lies in thinner layers and is free from chert.
The quarry is capable of yielding good material for cut dimen-
sion stone, all kinds of ashlar work, rubble and heavy dimen-
sion stone for bridge piers. A greatnumber of joints trending
southwest-northeast cut vertically through the strata. The
best material for cut stone lies about the middle of the quarry
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section. Here the beds are free from chert, and the surfaces
of the individual layers are comparatively parallel planes.
Near the base of the quarry the layers present uneven sur-
faces, the irregularities resembling the effects of wave action.

The Wilcox quarry is situated on the north side of a trian-
gular ridge separating two converging valleys. Around the
point of the hill, and almost opposite the exposure operated
by Wilcox, another opening has been made in layers corre-
sponding to thosein the upper part of the Wilcox quarry. The
stone is weathered at the top, and is overlain by dark-brown
residual clay, residual chert and a thin layer of loess. There
are no signs of drift. If the Kansan drift was ever laid down
in this locality it was entirely removed by erosion before the
deposition of the loess. All the other quarries opened at this
horizon show essentially the same details as those described.

Regularly bedded limestone, apparently the same as the
beds worked, continue below the base of the Wilcox quarry
for at least fifteen feet, and hence there is a total thickness
of forty-five feet of beds that might be quarried. Between
the quarry stone and the horizontally laminated beds at the
base of the Niagara there is a rather gradual transition
through strata intermediate in character. No fossils were
noted either in the basal beds or in the quarry stone.

Above the quarry stone in Elk creek valley the section is not
very satisfactorily exposed. Forty feet higher than the top
of the quarry there appears in the hillside some massive, ve-
sicular,coarse-grained,crystalline ledges that exhibit the usual
lithological characters of certain fossiliferous beds that else-
where are known to lie at the same distance above the base
of the Niagara. Here, however, the beds, so far as could be
observed, are barren. In other localties they contain a fauna
embraeing a number of corals, the most common and most
characteristic species being Syringopora tenella Rominger.

A short distance northeast of the center of section 20, Elk
township, the roadway cuts through ledges crowded with
casts of Pentamerus oblongus Sowerby. Altogether about
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thirty feet of the Pentamerus-bearing beds are exposed. The
elevation is 100 feet above the top of the Wileox quarry.
There are two gaps in the Elk creek section of the Niagara
limestone. The first is forty feet in extent and occurs between
the top of the Wilcox quarry and the massive crystalline
ledges that represent the horizon of Syringopora tenella. The
second, forty or fifty feet, lies between the ledges last named
and the first exposures of the Pentamerus beds seen iu com-
ing up the valley. The exposures contammg Pentamerus
near the center of section 20, represent the top of the Penta-
merus-bearing horizon. At least they are overlain by a few
feet of limestone free from Pentamerus and evidently repre-
senting the next higher horizon. From what is knowh else-
where of the thickness attained by the several portions of the
Niagara limestone in this part of Iowa, the Elk creek section
may be determined with a fair degree of approximation; and
“ this particular section, notwithstanding certain unfilled gaps,
is presented first for the reason that it affords the best and
practically the only available opportunity for study of the
lower members, down to contact with the Maquoketa shales.
The succession of strata seen along the valley from the south-

east quarter of section 10 to near the center of section 20 is
as follows.

6. Barren beds of massive dolomite much weathered.... 10
5. Pentamerus beds, with casts of the ordinary Pentam-
) erus oblOngUus SOWErbY.......vvveiieeereeenenannn... 60
4. Syringopora tenella beds in hea,V}f non-laminated ledges,
usually vesicular and crystalline.................... 70
3. Quarry stone beds of the Wilecox quarry and other
quarries in same nelghborhood ....... N 45
2. Intermediate beds, somewhat regularly stra.tlﬁed ..... 10

1. Basal ledges, horizontally laminated, with definite
partings at intervals of four to eightor ten feet, rest-
ing on the thin-bedded, argillaceous limestone at top
of the Maquoketa shales.. ................coiiiiiee 25

Near Hopkinton, in the southern part of the county, there
are many picturesque cliffs of Niagara limestone affording
opportunity for study of other portions of the complete
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Niagara section. Along the Maquoketa river in sections 24,
25 and 36 of township 87, north, range 4, west of the fifth
principal meridian, the cliffs rise vertically almost from the
margin of the stream, to a height of 165 feet above the water.
The cliffs consist at the base of massive dolomitic ledges,
ranging from 6 to 15 feet in thickness, with no lamination,
breaking when quarried for any purpose into shapeless blocks
containing many vesicular cavities, and very coarse and gran-
ular in texture. These coarse massive ledgesrise in places to
the summit of the cliffs, 165 above the water, but at the Loop
~ quarry, in Sw. fof Nw. { of section 25, Tp. 87, N., R. IV, W.,
they are capped with evenly bedded quarry stone varying
from 12 to 20 feet in thickness. The section here gives the
following details.
' FEET.
7. Rock ledges, presumably of quarry stone, hidden under

slope covered with loess and dark colored ferrugin-

ous residual clays; from summit of hill to uppermost

beds exposed in Loop quarry............ e 38

6. Quarrystone in definite beds which are arched as if

the quarry were located at the summit of a small
anticline. ... i e L. 12

Massive beds, no definite bedding planes; fossils rare,

and consisting of casts of Orthoceras and related

Cephalopods, with casts of Caryocrinus and Eucalyp-
[1615) 0 11U - U PP 20

4.. Beds similar to 2 and 4 containing Cerionites dactylioides
and Pentamerus peo'gibboéus ....... e e 10

3. Massive bed of the usual coarse, vesicular dolomite.
No fossils detected. ..o, 15

2. Massive dolomite with numerous casts of Pentamerus

oblongus. In the lower partof this member the casts

of Pentamerus are small and rather scarce; in the

upper part the individuals are larger and much
crowded together............ ... i, 25
1. Unpexposed to level of waterinriver.................. 45

Ut

Near the Williamson lime kiln in the southern part of section
24, the rock ledges are exposed down to the water’s edge;
and at this point Pentamerus oblongus occurs, even in the
lowest beds, in considerable numbers. The total thickness
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of the Pentamerus oblongus beds is not less than sixty feet. In
general this horizon is a coarse massive dolomite that breaks
up into pieces of irregular shape, but near the center of
section 27, Colony township, there is an exposure of evenly
bedded Pentamerus limestone in which the layers vary from
eight to ten inches in thickness. The beds have been quarried
for building stone, and blocks of fairly regular shape are
-obtained. Another exception to the generalstatement respect-
ing the Pentamerus beds is seen in some quarries east of Earl-
ville, (Plate x, Fig. 2,) where beds richin casts of Pentamerus
are separated by shaly partings into layers varying from
six 'to thirty-six inches in thickness. In general, however,
the Pentamerus beds show no very definite bedding planes.
The ledges below Hopkinton may be regarded as their
typical phase. The same massive phase of the Pentamerus
limestone is seen near the opposite corner of the county
at the Backbone in Richland township. It occurs also
at the mill in Forestville. It is this phase that is exhibited
in section 20 of Elk township near Greeley. It is seen
again along the headwaters of Lindsey creek northeast
of York. It is this same phase that occurs in the bed of
Honey creek near Millheim as well as in the low cliffs
along Sand creek where it traverses the Ne. 1 of Se. %
of section 8, Milo township. Besides Pentamerus oblongus
the beds of this horizon contain, locally, colonies of corals
among which Halysites catenulatus and Syringopora tenella are
the most characteristic. The two species named range, how-
ever, from the base of No. 4 of Elk creék valley section to the
top of No. 5 of the Loop quarry section. They are most com-
mor in the horizon below the Pentamerus beds.

The presence of Cerionites at the horizon represented by
No. 4 of the section at the Loop quarry is quite constant
- throughout this part of Towa; and the crinoid and cephalopod
fauna of the next higher member, No. 5, is also well repre-
sented over an area embracing the southeastern part of Del-
aware county and adjacent portions of Dubuque, Jones and
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Jackson. The fauna characteristic of this horizon seems to
be best developed in Cedar county.

The stone at the Loop quarry, No. 6 of the preceding sec-
tion, is a fine quality of light gray to hght buff dolomite, reg-
ularly bedded, easily quarried and eapable of being worked
into forms suitable for almost any structural purposes. The
individual layers in the part now exposed range from three to
ten inches in thickness. In the upper part of the quarry
some of the layers include cherty concretions, but in general
the stone is of excellent quality for all ordinary masonry.
The lower layers contain casts of a variety of Pentamerus
oblongus that differs from the usual form in being thin and
wide, and in having the spondylium of the pedicel valve and
the septal laminae of both valves very feebly developed. The
presence of these casts does not, however, impair the value
of the stone for ordinary range work. |

The beds represented at the Loop quarry were first worked
in this neighborhood along the ravine known as Whittaker
hollow, in the southeast quarter of section 23, Tp. 87 N., R.
IV, W. The Merriam quarry, located a short distance south-
east of the center of the section, has been operated intermit-
tently for a vgrea_t many vears. The quality of the stone is
the same as at ithe Loop quarry. A second quarry on the
Merriam property has recently been opened a few rods east
of the original one. It shows nothing different from those
already described. The layers in both are thin at the top,
and are badly shattered and weathered. Residual clays and
cherts, with some loess, overlie the limestone beds, but drift
is practically absent. In the bottom of these quarries are
ledges two feet in thickness suitable fz)xf bridge stone.

“The regularly stratified beds belonging to the horizon of
the Loop and Merriam quarries is found in the Davis quarry,
east of the center of section 17, in South Fork township, and .
at the McGlade quarry and other quarries in the same neigh-
borhood, though here the layers are thinner than in the
quarries west of the river. These exposures would produce
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excellent flagging stone. Among the few fossils which they
have furnished are Calymene niagarensis Hall, Illenus imperator
Hall and the peculiar siphuncle that has been described as
Hurowia vertebrale. An exposure of the thin-bedded quarry
stone of the Davis and McGlade quarries occurs near the
center of section 27, North Fork township. There are other
outerops in this same township, but they have not been quar-
ried. In Delhi township, within the town of Delhi, are some
small quarries worked in these beds, and on the south side of
the river at Fleming’s: mill, in Sw. % of Nw. 1 of section 29,
Delhi township, this upper quarry stone horizon is exposed at
an elevation of ninety feet above the level of the water. One
of the best quarries worked at this horizon is located near the
center of section 24 of Milo township. It haslayers ranging
from flagging stone two or three inches in thickness up to
heavy dimension stone with a thickness of two feet.
Exposures showing some departures from the typical phase
of the quarry stone horizon are seen in the east part of section
9, Milo township. The beds have been quarried at a few
points. The stratification is mostly regular, but the quality
of the stone is much inferior to that usually seen in this posi-
tion. The layers are more broken and shattered than usual,
and some of them evidently yield rapidly to the effects of
weather. A large amount of the rock is bluish in color; and
some beds, quite worthless for ordinary uses, seem to be made
up to & great extent of crystalline calcite. The face of the
exposures is about twenty-five feet in height; but the stone is
overlain by a heavy bed of loess resting on residual clays and
chert, and the upper layers are thin, much shattered and
badly weathered, necessitating a large amount of stripping.
There is no drift, at least there is'none of Towan age. The
exposures oceur on hills through which the Maquoketa flows
in a gorge 200 feet in depth. The hills rise eighty to 100 feet
above the adjacent portions of the Towan drift plain, and the
region is one of many that give very positive indications of
the fact that in Delaware county the lowan ice did not over-
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flow eminences that rose a few score of feet above the gen-
eral level.

The building stone beds noted as belonging to the horizon

of the Merriam and Loop quarry stone represent the same
zone as the building stone beds of the Delaware stage noted
in the report on Jones county.*

‘At the Backbone, in section 16 of Richland township, the
vertical cliffs, eighty to ninety feet in height, show the fol-
‘lowing section:

FEET.

4. Pentamerus beds, massive and weathering irregularly 25
3. Band of chert, with casts of Pentamerus.............. 1
2. Pentamerus beds, like No. 4.....c..oveeiiineniin.... 43
L

Massive beds, without Pentamerus, but containing col-
onies of Halysites catenulatus and Syringopora tenella. 20

Cliff-forming Beds.—The part of the Niagaralimestonelying
between the horizon of the Wilcox quarry, on Odell’s branch
of Elk creek northeast of Greeley, and the horizon of the
Merriam and Loop quarries, on the Maquoketa river southeast
of Hopkinton, is usually coarse in texture, and lies in heavy,
massive ledges, as shown in plate ix, figure 1. It becomes
very much pitted-on the surface, but in the mass resists the
weather admirably, and tends to stand in vertical, picturesque
cliffs and towers, some of which approach 100 feet in height.
At the point called Wildeat Den, southeast of Hopkinton, the
vertical faces of the cliffs rise fully 100 feet, the summit
being 130 feet above the stream, which here flows near the
base. The weather-beaten, massive, castle-like salient,
between the floor of the Loop quarry at the summit and the
roadway at the foot of the bluff, rises sheer for seventy feet
on its outer wall, and a number of towers and chimneys in the
same neighborhood are fully its equal in vertical dimensions.
Table Rock, further down stream, in the southwest quarter of
the same section, is a flat-topped mass of equal height, belong-
ing to the same horizon, and almost completely isolated by
circumdendation. In the southeast quarter of section 9,

*Geology of Jones county, by Samuel Oalvin, p. 75, [owa Geol. Surv., vol. V. Des Moines
8096.
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Union township, the deep valley of Buck creek is walled in,
in places, by vertical cliffs, that are more than eighty feet high
from the top of the talus to the summit, and the top of the
cliffs has an elevation of 120 feet above the level of the stream.
In sections 32 and 33, North Fork township, similar cliffs rise
sheer from the water in Plum creek, and overlook the low-
lying Towan drift plain in sections 34 and 35 of the same town-
ship. It is this same limestone that forms the impressive
cliffs and towers at the Backbone in section 16, Richland
township (plate xi, fig. 1). All along the canyon of the
Maquoketa, from section 9 of Milo township to the south line
of the county, the same rugged, weathered cliffs appear at
short intervals, preserving fragmentary bits of preglacial
scenery. KEven over the prairies, remote from streams, par-
ticularly in the southeastern part of the county, ledges of this
same horizon project through the thin drift in numberless
places, some of which are referred to in discussing the topog-
raphy of the county.” Owen appropriately referred to this
part of the geological column as the Coralline and Pentam-
erus beds of the Upper Magnesian limestone,* in his report
published in 1852. In his earlier report, which covered work
done in the autumn of the year 1839, he uses a term no less
felicitous when he refers to the Coralline beds of the Upper
Magnesian Cliff limestone.t The coral and Pentamerus-bear-
ing beds of the Niagara limestone in Delaware county are pre-
eminently cliff-forming, and that one characteristic will read-
ily serve to distinguish them without further inspection.
Non-dolomitized portions of the Niagara Limestone.—A very -
unusual phase of the Niagara limestene is seen at a few points
in Union township. A fine-grained, bluish, compact limestone,
not dolomitie, and resembling some portions of the Devonian,
occurs in small patches a few yards in extent. These patches
were supposed at first to be Devonian outliers, but their
relations to the ordinary .granular Niagara dolomite, into

*See map accompanying Geol. Surv. of Wis., ITowa and Minn., by D. D, Owen. 1852
+See heading over plates xili and xiv, Rept. Geol. Expl., ebc., in the autumn of the year
1839. Ordered printed 1344
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which they grade laterally and which sometimes overlies them,
preclude their reference to theDevonian. One of the best
examples of the phase described occurs a short distance west
of the southeast corner of section 8 in the township named.
Another patch of the same kind occurs near the. northeast
corner of the same section. More of the same stone is found
one-fourth mile north of the center of section 19, and it is
shown in an instructive exposure along the north line of
section 29. Masses of the blue, fine-grained limestone lie in
the midst of granular dolomite and are portions of con-
tinuous layers that, except in the non-dolomitized spots,
possess the characteristics of the ordinary Niagara. All the
exposures named are purely local phenomena, small patches
of Niagara that in some way escaped the process of dolomiti-
zation.

More extensive non-dolomitized portions of Niagara lime-
stone occur in Coffins Grove township. All the beds through
a thickness of 20 or 30 feet and over an area some miles in
extent, are non-dolomitic. Some of the beds are quite fossili-
ferous, the fossils being chiefly corals; and while the corals
elsewhere at this horizon are usually silicified, they are here
unchanged except by the interstitial deposition of calcite.
Typical exposures of the beds under consideration are seen
near the center of section 26 in the township named, and the
same beds crop out in the bluffs along Prairie creek in section
28. The beds may be satisfactorily studied in the low bank of
the creek at the point where the stream is crossed by the
Masonville road, in the northwest quarter of section 28. Fine-
grained, unfossiliferous, non-dolomitized Niagara, near Hazel-
ton, is discussed in the report on Buchanan county.

Fauna of the Niagara.—The Niagara limestone, at any given
horizon, varies locally both as to lithological characters and
fossil contents. The life of the Niagara seas was not uniformly
distributed over the sea bottom,-but seems rather to have
been segregated in colonies.- Fossils are common only in the
zones that lie between the two quarry stone horizons. No
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indications of life were noted in the basal laminated beds, nor
in any beds below the top of the lower quarry stone worked
in section 16 of Elk township. Above that line, up to the
base of the Merriam and Loop quarry zone, fossils abound in
certain favored localities, while in other localities organic
remains are rare or are wholly absent through scores of feet
of the massive dolomite. In number of genera and species
the corals are better represented than any other group.
Usually the corals are silicified and they sometimes occur
abundantly in the residual materials, mingled with reddish
brown geest and shapeless fragments of chert, the beds in
which they were originally embedded having been removed
~as a result of secular rock decay. Halysites catenulatus and
Syringopora tenella range through the whole thickness of the
fossil-bearing beds, but other species occur only in the
Pentamerus zone or just above it. One of the best known
localities in the county is that along Prairie creek, in section
28 of Coffins Grove township. = Residual clays and cherts
have in places a thickness of several feet, and these are rich
in beautifully preserved specimens of siliciﬁed corals. Many
are not described, but so far as they are now known the most
common species are.

Zophrentis stokest Edwards & Haime.
Streptelasma petula Rominger.

Streptelasma, spongazis Rominger.
Cyathophyllum radicule Rominger.
Istychophyllum expansum Owen.

Strombodes mamillare Owen.

Strombodes gigas Owen. -

Strombodes pentagonus Goldfuss. _ \,
Cystophoroliles major Rominger.

Cystophorolites minor Rominger.

Cystiphyllum niagarense Hall. -
Favosites favosus Goldfuss.

Favosites niagarensis Hall.

Favosites alveolaris Goldfuss.

Favosites (Astrocerium) hispidus: Rominger.
Favosites (Astrocerium) hisingeri Edwards & Haime.
Favosites obliquus Rominger..
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Fic. 1. Vertical cliff of Niagara limestone on west side of “Backbone.” The cliffs
rise sheer for ninety feet above the talus slope at the base.

Fic. 2. Block of Niagara limestone from the Pentamerus-bearing horizon showing
crowded casts of Pentamerus oblongus.
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Alveolites undosus Miller.
Cladopora lagueata Rominger.
Thecia major Rominger.
Hulysites catenulatus Linnzeus.
Syringopora tenella Rominger.”
Syringopora verticellata Goldfuss.
Heliolites megastoma McCoy.
Heliolites interstinclus Linnzeus.
Heliolites pyriformis Hall.

- Heliolstes subtubulatus McCoy.
Plasmopora follis Edwards & Haime.
Lyellia americane Edwards & Haime.
Lyellia, decipiens Rominger.

.Besides the species enumerated in the above list there are
~ three or four species of Zaphrentis probably undescribed, one
or.two of Streptelasma, and one of Ptychophyllum differing:
from P. expansum in the greater number and much smaller
. size of the lamellar crests. There are also some strange.
fo_i'ms of Strombodes. There are several unknown species
distributed among the genera Cladopora, Thecia and Limaria
and there is at least one species of Lyellia which, when the.
descriptions are published, may prove to be the same as some
figured by Davis in Kentucky Fossil Corals.

~ Cystideans and Crinoids in identifiable condition are very
rare, and- the list may be summed up in the species Caryo-
crinus ornatus and Fucalyptocrinus crassus.

The list of Brachiopods also is small, the forms.that can be
counted as at all common embracing only Pentamerus oblongus,
P. pergibbosus, Stricklandinia castellana, Atrypa reticularts and
Spirifer radiatus. The last named species is indeed rare. The
Atrypa reticularis is most abundant in a thin cherty bed occur-
ring in the Pentamerus zone southwest of Hopkinton. Strick-
landinia castellane can scarcely be said to be common. In
fact there is but one really common species, the Pentamerus
oblongus. 'This seems in places to have occupied the sea bot-
tom to the almost complete exclusion of everything else,
(Plate xi, Fig. 2,) and to have persisted long enough for fifty
or sixty feet of limestone to accumulate.

13 G Bep. '
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The Mollusea are only sparingly represented. The col-
lections embrace no identifiable Pelecypods. Gastropods are
represented by internal casts of Platystoma niagarensis Hall,
a Holopea, and one or two species of Straparollus. There
are several genera of Cephalopods embracing Orthoceras,
Huronia, Actinoceras, Discoceras and Gomphoceras.

Trilobites are very rare. One glabella and one pygidum of
Illwnus imperator Hall, and a rather imperfect cast of Oaly-
mene nmagaréensts Hall, were observed, and that is practically
the entire list. In Cedar and Jackson équnties,_- however, this
horizon furnishes quite a number of genera and species.

The building stone beds of the Merriam and Loop quarry
horizon have yielded some organic remains, as already noted.
The flat form of Pentamerus occurs exclusively in these beds.
Calymene niagarensis was found only in these beds in Dela-
ware county, but it is known from lower horizons in some
" contiguous counties. Illanus ranges from the lower beds up
into the quarry stone, and the same is true of Huronia. .Some
specimens of Fawosites favosus were found in beds of this
horizon in section 9 of Milo township.

Chert beds of the Niagara.—Chert occurs extensively as con-
cretions in the layers of Niagara limestone or as partings
between them. Its distribution, however, both horizontally
and vertically, is very erratic. In some localities, at certain
horizous, it is present in enormous quantities, making up fully
half, or much more than half, of the entire mass of rock
exposed; in other localities, at the same horizon, it may be
entirely absent. The quarry worked .in the Nw. % of the
Nw. £ of section 2, Milo township, furmshes about as much
chert as limestone. The limestone is reduced to thin, irreg-
ular layers, between which there are beds of chert equal in
thickness to the beds of limestone. Both chert and limestone
are broken and shattered, the chert in particular being
reduced to a great number of angular fragments that vary in
size from a fraction of an inch up to six or eight inches. By
exposure to the weather, particularly to frost, the chert is
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broken up into-a sort of natural macadam, and large amounts
of it are used in road building.

In a low bluff in the western part of Hopkinton, beds con-
taining a large amount of chert are worked for road material,
the sandy soil of the region making road metal of some
kind an absolute necessity.

While there are few rock exposures that do not show more
or less of chert, the most remarkable beds of this material
were seen in some of the rocky knobs protruding through the
drift near the northeast corner of section 27, Bremen town-
ship. There seems to be here a solid bed of chert, and great
detached blocks, eighteen inches thick and three or four feet
in length and width,-lie heaped on each other or scattered
over the surrounding surface. The large blocks referred to
showed no definite traces of fossils, but thousands of tons of

" silicified corals are embedded in the very thin drift and resid-
ual clay covering the adjacent fields. Vast numbers of these
have been gathered and piled along the roadway into a rude

stone wall, ten or twelve feet wide at base and several rods
in length.

Devonian.

WAPSIPINICON STAGE.

There are no Devonian rocks naturally exposed in Delaware
county. The southwest corner of the county, where these
rocks should occur, if anywhere, is deeply covered with drift;
but there are rock exposures on Buffalo creek, at Coggon, and
even half a mile north of Coggon, within half -a mile of the
Delaware countyline. These exposures, according to Norton,*
include the Otis beds and Independence shales belonging to
the Wapsipinicon stage of the Devonian. Connecting the
exposures near Coggon with exposures of Devonian lying in
the line of strike along Pine creek, southwest of Winthrop, in
Buchanan county, the line traverses a drift covered region in .

*Geology of Linn ccunty, by William Harmon Norton, pp. 147, 148. Towa Geol. Surv., vol. °
IV. 1895.
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which no exposures are seen, and cuts off the hypothetical
Devonian area represented on the geological map accompany-
ing this report, in the southwest corner of the county.

Cretaceous.(?)
ROCKVILLE CONGLOMERATE.

The Rockville conglomerate was first recognized by McGee,
and was fully described in his - memoir on the Pleistocene His-
tory of Northeastern Iowa, previously cited. According to
the author, ‘““The formation to which this designation is
applied consists either of a dark brown pudding-stone of well
worn quartz pebbles in a matrix of earthy limonite, or of
obscurely stratified ferruginous sandstone. 1t is destitute of
definite bedding and other constant structural eharacteristies,
is found in only a few scattered bodies of limited extent, is
seldom seen in contact with older formations, and is not known -
to.be fossiliferous.”* 'This very fully describes the formation
as it occurs near Rockville, in North Fork townéhip. _The
exposures observed by the writer are located on sloping
ground, a few yards west of the middle of the east line of the
Sw. + of the Nw. 1+ of section 24, about a fourth of a mile
west.of Rockville. The original exposure described by McGee
was a short distance farther west and on higher ground. At
the point where it was seen by the writer, the conglomerate
projects above the thin sod over an area only a few gards in .
extent, and small bowlders of it lie scattered on the surface
over a much larger space. The deposit is composed very
largely of dark brown, ferrugincfus sand, which serves as a
matrix in which a great number of small pebbles are embed-
ded. Many of the pebbles seem to be quartz, but many are
rolled fragments of local chert, and associated with them are
angular pieces of chert-ranging up to an inch or more in diam-
eter. “ ‘

Sandstone and conglomerate, probably of the same age as
"the Rockville conglomerate, is exposed under the loess in the

*0Op. Cit., p. 304, -
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Ne. ;1 of the Se. 1 of section 34, Elk township. The expos-
ure is about six feet in thickness. While resembling the
Rockville conglomerate in some respects, it differs in some
important particulars. In the first place, the material is
definitely stratified, and consists of fine-grained sandstone in
thin layers at the base of the exposure, with coarser conglom:
erate layers above. In the second place, the deposit is not
very ferruginous, the colors being drab and light grays, with
some yellowish bands in the finer layers. A very large pro-
portion of the fragments in the conglomerate beds is cystal-
line quartz. No local chert was observed. Inthe absence of
fossils it is impossible definitely to fix the age of either the
'Rockville conglomerate or the light colored sandstone and
conglomerate southeast of Greeley. Both are much younger
than the Niagara limestone. Both probably were laid down
during the same marine invasion of this part of Towa. The
reasons cogently stated by MeGee in the work already men-
tioned make it reasonably probable that the deposits are Cre-
taceous in age. ‘ _

Fragments of a ferruginous sandstone, resembling some
phases of the Des Moines stage of the Carboniferous, are
strewn somewhat thickly along the course of the intermittent
stream that flows down Whittaker hollow, in section 23 of
Union township. These fragments lack the conglomerate
character of the exposures at Rockville and the upper part of
the exposure near Greeley. Fragments of chert and silicified
Niagara corals are embedded in the sandstone, but there are
no coarse fragments of quartz. There are some plant impres-
sions, ‘but they are not identifiable. The sandstone in Union
township was not seen in place, but the beds from which the
scattered fragments were derived are probably not far away
from the point where the fragments themselves were seen.
The friable nature of the sandstone precludes the notion that
it could be transported far by stream action, amid masses of
chert and limestone, before being completely disintegrated:
As to age, the Whittaker hollow sandstone may provisionally
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be correlated with the Rockville and Greeley deposits, until
more definite information is at hand.

Residualr Materials.

In preglacial time, the Niagara limestone suffered decay on
a very large scale, and residual materials resulting from such
deca,y are conspicuously distributed underneath the drift,
especially in the eastern part of the county. These residual
products, or geest, present three distinet phases. First, a
dark, reddish-brown, stiff clay is one of the results of weath-
ering of the Niagara dolomite. A small amount of argilla-
ceous matter is present in the limestone as-an impurity; and,
being insoluble, it is left after decay and removal, by solution,
of the calcareous portion of the deposit. With the clayis left
the iron constituent that is also present as an impurityin the
limestone. The dark, ferruginous clay is seen in the upper
part of nearly all rock exposures. It does not, as a rule,
attain any great thickness, but it fills the spaces among the
bowlders of disintegration in the zone of preglacial weather-
ing, and fills all horizontal and vertical fissures, often to a
depth of many feet from the surface. It were needless to
mention localities, for it oceurs practically in every quarry.

Second, the Niagara dolomite varies in texture, and appar-
' ently in fundamental structure, in different loecalities. Typ-
ically it is hard, compact and crystalline, but there are phases
of it that are soft and granular where the rock seems to be
composed of partially consolidated dolomite sand. Weather-
_ing in such instances removes the cementing material, and
the rock disintegrates into a yellowish or grayish mass of
incoherent granules, resembling loose sand. As a typical
locality where this phase of residual material may be observed
to advanuage, reference may be mide to the rock cut on the
" Great Western railway northwest of Millheim. Underneath
the thin bed of drift there is a body of very black, ferruginous,
residual clay that belongs to the first type of residual prod-
ucts. Beneath this is a mass of the incoherent dolomite sand
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that represents the stage of decay when the cement holding
the constituent grains of the dolomite togethcr has been dis-
solved away. In some places this incoherent material is two
or three feet in thickness. In other cases it descends along
crevices to an even greater depth. Lying in it are fragments
of the limestone not yet completely decayed, but so soft and
friable that they may be crushed in the hand or ground to
coarse powder between the fingers.

In the third type of residual material angular fragments of
_chert predominate. The region around Delaware Center
affords typical illustrations of the chert beds that result from
decay of limestone in which bands and concretions of chert
. are common. The road between sections 25 and 36 of Dela-
ware township passes over some hills that have been denuded
of drift, and heavy beds of residual chert; forming a natural
macadam, are exposed. The interstices between the frag-
ments of chert are filled with a small amount of reddish-brown
residual clay. Similar exposures, forming natural roadways,
occur very generally throughout the eastern part of the
county. '

At a number of points in the north half of sections 27 and
28, Coffins Grove township, the residual materials consist of
beautifully preserved, silicified fossils, embedded in reddish-
brown clay. The fossils represent the cherty constituent of
the beds that have undergone-decay, and the clayey portion
of the residuum is the argillaceous constituent stained deeply
with iron oxide.

The residual products, that constitute so important a part of
the superficial materials in this part of Towa, have resulted
from chemical disintegration of the Niagara limestonein some
or all of the geologic ages between the close of the Silurian
and the beginning of the Pleistocene. Similar changes are
doubtless still in progress to some extent, but it is impossible

at present to assign any given portion of the residuum to any
particular age.



164 GEOLOGY OF DELAWARE COUNTY.
Pleistocene Deposits.

SUB-AFTONIAN DRIFT.

No Pleistocene deposits older than the Kansan drift were
recognized in any of the exposures observed, but the existence
of a sub-Aftonian or pre-Kansan drift isindicated by the pres-

-ence of a soil and forest bed, between bodies of bluish till,
reported by well drillers from different parts of the county.
Satisfactory details could not in all cases be obtained. Two
wells reported by McGee* are typical and may serve as illus-
trations of the general phenomena. His well, numbered 44,
on land of the late Mr. John S. Barry in Prairie township,
gives the following section, copied from the report cited.

N - FEET.
3. Unstratified yellow clay, with pebbles and bowlders... 8

2. Compact blue clay, with small pebbles and bowlders of
greenstone ......... e e e 17

1. Brownish and black -earth, like ‘surface soil, wn)h
sticks, twigs, branches and other fragments of cedar 2

““Water was obtained in forest bed and is periodically foul.”
Since the record reported by McGee was obtained a succes-
sion of dry seasons has necessitated the boring of deep wells
all over Jowa. On the Barry farm, and on ad301n1ng farms,
the deep wells have shown the whole drift series to be from
seventy to eighty feet in depth, so that below the soil and
forest.bed reported above, there is a body of drift approxi-
mately fifty feet in thickness. According to recent intrepre-
tations, this lower body of drift is beyond question sub-
Aftonian. The soil and forest bed, No. 1 of the well section,
is Aftonian. The blue clay, No. 2, is Kansan drift, and the
unstratified yellow clay, No. 3, is Towan.

No. 45 of MecGee’s well records, quoted from the Work
cited, gives the followmg section.

*Pleistocene History Northeastern Iowa, p. 520.
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4. Pebbly yellowelay.....oovve i 4

3. Clean laminated blue clay........ TR 17

2. Black loam, with partially decomposed logs, sticks,
bark and twigs of coniferous wood ......... SO 2

1. Dense blue clay, with a few pebbles and a water bear-
ing sand vein, depth not stated

......................

This last well is located at Greeley. No. 1is very probably
sub-Aftonian drift, and Nos. 2, 3 and 4 will readily be corre-
lated with Nos. 1, 2 and 3 respectively of the Barry well.

KANSAN DRIFT.

fhe bed of blue clay above the soil and forest bed in the
wells noted is typical of the unweathered Kansan. Nearly
all excavations of any considerable depth, in the drift-covered
portions of the county, reveal this same blue clay with its
greenstone bowlders and pebbles. A good section showing -
Kansan till, weathered and unweathered, is seen in the recent
railway cutting in the southwest quarter of section 6, Oneida
township. The unweathered Kansan is more or less jointed,
and has typical blue color, while the weathered Kansan has
by oxidation been changed to reddish or yellowish-brown.
The whole section here shows:

3. Light yellow Iowan till......... .. .. ...l 8
2. Oxidized Kansan tili, yellowish-brown ................ 3
1. Non-oxidized Kansan, blue

- Narrow bands of weathering and oxidation descend along .
joints in the Kansan almost to the bottom of the exposure.
Numerous striated greenstones occur in both the oxidized and
" unoxidized zones:. Sub-Aftonian till is not exposed, but forest
bed material was found in the bottom of the cut when trenches
were dug to lay drain tile along the sides of the road bed.
There are no signs of forest material between Kansan and
Towan.

Many interesting exposures of Kansan till oceur in areas
not occupied by Towan. These areas have been discussed
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under head of Topography on account of the special topo-
graphic forms that distinguish them from the Iowan drift
plain. Within these dreas the Kansan drift is usually over-
lain by loess, and the deposition of the loess seems to have -
been accomplished so quietly as not to disturb in any degree
the characteristics-acquired by the surface of the drift in the
long interglacial interval that, in this part of Iowa, followed
the retreat of the Kansan ice. Accordingly, the full effects
of the weathering that had taken place up to the time of the
deposition of the loess are perfectly preserved. This old sur-
face is very ferruginous, very much oxidized, and completely
leached so far as calcareous matter is concerned. It is also
very red or reddish-brown, and, owing to the effects of rain
erosion in carrying away the finer silts, it usually contains a
larger proportion of pebbles than the main body of the drift
where weathering has not taken place. In the northeast
corner of the county, outside the limits of the Iowan drift,
reddish-brown, pebbly Kansan is exposed beneath the loess,
one-fourth of a mile north of the center of section 28, Elk
township. It occurs on both sides of a ravine, and its sur-
face, underneath only a thin mantle of loess, conforms to the
present slope of the hills. The slopes and contours were
essentially the same as now before the loess was Jaid down.
Another exposure, showing the same phenomena and leading
to the same conclusion relative to the pre-loessian topogra-
phy, occurs ‘near the southwest corner of section 22 of the
same township. These and many other similar exposures are
located within less than a milé of the margin of the Towan
drift. Eight miles farther east, Kansan till appears with its
usual characteristics beneath a thin veneer of loess, along the
west line of section 13, Colony township. The eastern limits
of the Kansan are not so sharply defined as in the case of the
lowan, but there are reasons for believing that the locality
last mentioned is very near the margin of the Driftless area.
In the northeast quarter of secticn 13, for example, there are
many sink holes which are inconsistent with the presence of
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any considerable body of drift, and drift is certainly absent in
that part of the valley of Little Turkey river that passes
through sections 1 and 2 of the township named.

A considerable body of Kansan drift is well exposed for
some distance both east and west of the center of section 15,
Colony township, and there are indications of drift in sections
4, 5 and 6; but in sections 1 and 2 signs of drift were not
observed, and the whole aspect of the country is suggestive
of the Driftless area. | _‘

Buchanan Gravels.—Extensive beds of gravel were laid
down during the melting and retreat of the Kansan ice. The
floods that carried and deposited the gravels seem to have
swept over valleys and highlands alike, for stratified deposits
of the Buchanan stage occur indifferently at all elevations
In the region invaded by Iowan ice these deposits are invari-
ably overlain by Towan drift; in the loess-Kansan area, beyond
the Towan margin, they are overlain by loess.

A good illustration of Buchanan gravels is seen at a gravel
pit on the land of Mr. M. V. Newcomb, in the northern part
of the southeast quarter of section 26, Oneida township, near
Earlville (Plate xii, Fig. 1. The gravel bed has been
‘worked extensively for road material, and has contributed in
large degree to the improvement of the streets of Earlville.
A vertical face of fifteen feet is now exposed, but test pits
show that the deposit continues twenty feet below the level
now worked. The deposit is a mixture of coarse sand and
gravel, with ‘occasional small bowlders ranging up to a foot
in diameter. The coarse and fine materials are not arranged
in definite bands, but lenses and irregular masses of coarse
gravel are frequently embedded in gravel or sand of compara-
tive fineness. There is a large amount of Niagara chert in
the coarser beds, but in general the pebbles and bowlderets
are of foreign origin. Some of the beds are very ferruginous
and firmly cemented, and all are more or less conspicuously
iron-stained. All of the present exposure shows the effects
of prolonged weathering. Oxidation is complete. A large
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proportion of the gran te pebbles and bowlders are so per-
feetly decayed that the”' umble to fragments on the apphca-;
" Test pits made at various points’
show the entire hill, Wh1eh rises gradually to the north of the
present Workmg, to be underlain by gravel at a short distance
beneath the surface. The rusty, weathered and oxidized
deposits of the Buchanan stage are covered with a thin layer
of Towan drift containing some unweathered bowlders.

An immense bed of Buchanan gravel extends over some
hundreds of acres in a low plain in sections 25 and 36 of
Bremen township. The plain is ‘covered with two or three
feet of Towan drift, and large Towan bowlders are liberally
sprinkled over its surface. The gravels lie beneath the Towan
drift. The upper zoie, three or four feet in thickness, is
deeply weather-stained and oxidized. The bedding is more
regular than is usually seen when the gravel beds occur on
higher -ground, as near Earlville. The materials are also
finer, ordinary quartz sand making up a larger proportion of
the deposit, and the bowlders a few inches to a foot in diam-
eter, common in the beds at greater elevations, are practically
absent. Furthermore, the oxidation and weather staining,.
probably owing to the finer and more compact character of
the deposit, do not affect the beds to so great a depth as at
Earlville. Heavy beds of the same gravels, exhibiting the
commoner, upland phase, occur under thin beds of loess at a
number 6f points in Colony township, the best exposures being
seen forty rods north of the center of section 9, near the
. northwest corner of the southwest quarter of section 4, and.
near the center of section 6. All of these points are from six
" to eight miles east of the extreme eastern margin of the

Towan drift. "

Near the southeast corner of the county Buchanan gravel
makes up a conspicuous ridge that begins in the southwest
quarter of section 13, Tp. 87 N., R. III W. (South Fork town-
ship), and extends into the northwest quarter of section 24.
The gravels here are very ferruginous, are of the coarse
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Fi1g.1. Buchananegravel undernesath a thin layer of Towan drift, on land of Mr. M. V.
‘ Newcomb, north of Earlville.

FiG.2. Fountain Spring Mills, on Odell’s branch of Elk creek. The topography of the
region is that of the driftless area, and the streams are fed by springs
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upland type, contain the usual decayed granites, together
with striated pebbles and bowlders of Kansan age, and show
a fair degree of cementation. The ridge in which they occur
‘rises considerably above low lying drift plains to the south
and southwest.

In the northwest corner of the county these gravels cover

considerable areas in Richland township, the lowland phase

appearing. conspicuously beneath the Iowan drift along the
" valley of a branch of the Magquoketa, in section 19, and the
upland phase occupying a ridge in the southwest quarter of
section 32. In a sort of terrace at the bottom of the valley
on the west side of the Backbone in section 16, weather-
stained beds of the Buchanan stage occur under beds, of -sand
and gravel of more recent origin, the contrast between the
older and the newer portions of the terrace being very strik-
ing. The valley here is older than the. Bueha,na,n stage—
olde1 than the Kansan.

At Hartwick, in Delhi township, as already noted reddish-
brown deposits of this age are seen at the bottom of the gorge
underneath terrace material which is probably not older than
the Towan stage, and reference has also been made to the
occurrence of these gravels in the river valley near Hopkinton.

Honey Creek township is generously supplied with gravels
of the Buchanan stage, particularly along the valley of Lind-
sey creek and Honey creek. . In fact these gravels occur in
almost every township of the county, affording at numerous
points the very best of material for the improvement of miry
roads.. An. outcrop deserving special mention is located west
of Delaware in the southeast quarter of section 31, Oneida
tow:nsmp While the deposit is genetically the same as the
ordinary Buchanan gravels, the material used is very largely
re,siduél Niagara chert of local origin. Reddish-brown sand
and gravel is, however, interstratified with the beds of chert;
and near the base of the pit, which is about eight feet in
depth, the usual characteristics of the Buchanan stage are
well displayed. A great amount of chert that must have been
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transported and deposited by strong currents of water, yet
retaining to a large extent the sharp angles of the individual
fragments, occurs near the top of the exposure W1th practmally
no admixture of any other material.

IOWAN DRIFT.

The Towan drift-is well displayed over the larger part of
Delaware county. It overlies the Buchanan gravels at scores
of points within the Towan area, but in general it rests upon
the weathered and eroded surface of the much older Kansan
till. The Towan drift is very new and fresh as compared with
the Kansan. Its surface has suffered scarcely any erosion
since it was laid bare by the melting and disappearance of the
Towanice. Thetopography of the Jowan area is characterized
by long sweeping curves, the low eminences being separated
by broad, shallow, concave depressions which, at the time of
settlement of the county, were marshy and supported a lux-
uriant growth of coarse slough grass. The irregularities of
the present surface are in part controlled by the topography
of the old Kansan surface upon which the mantle of Towan
drift ‘was laid down, and in part by local va,rlatlons in the
amount of drift deposited by the Iowan ice.

The study of the distribution of the Towan drift in Delaware
county has revealed some unexpected pheénomena and pre-
sented a number of interesting problems that are not yet fully
settled. In the first place the extreme eastern margin of this
drift sheet is quite sharply defined by moraine-like ridges of
loess that rise conspicuously above the drift plain, and extend
in a very tortuous linefrom the northwest corner of Elk town-
ship to Dyersville. All of Colony township, the greater part
of Elk, approximately one-third of Bremen, and a small frac-
tion of Oneida were not invaded by Iowan ice. But in addi-
tion to the extra marginal area just noted, there are island-
like areas that rise out of the level sea-like plain of Iowan
drift areas that were surrounded, but not invaded, by the
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glaciers of the Iowan stage. These anomalous areas are all
higher than the ordinary drift plain by which they are sur-
rounded. The larger ones are topographically different from
the plain, resembling in this particular the Driftless area.
Neither Towan drift nor Jowan bowlders are found within
their limits, but heavy beds of loess molded over a very much
weathered and eroded surface is a prominent characteristic.
Sometimes the loess rests on reddish-brown, oxidized Kansan
- drift. In other cases it rests on undisturbed residual clays
and cherts. '

These anomalous areas are of two kinds. First, there are
small detached hills a few acres at" most in extent, loess-
covered, and standing prominently above the drift plain.
These are the paha of McGee referred toin the section of this
report devoted to togography. The paha are more or less
elliptical in shape with the longer axes trending northwest-
southeast. They are too numerous to be described in detail,
but a concrete example oceurs in the south half of section 3,
Honey Creek township. The summit is fifty-five feet above
the Towan drift at the base. Gullies cut along the roadside
on the southern slope show that the paha is composed of
Kansan drift overlain by.a cap of loess. Another paha near
the northeast corner of section 27, Oneida township, has a
core composed chiefly of a prominent point of limestone, but
the limestone is overlain by a thin sheet of much weathered
Kansan drift, and the loess, which is an essential part of all
paha, forms a mantle over the whole a few feet in thickness.
The paha are limited to a belt, a few miles in width, lying
inside the margin of the Towan drift. There are some interest-
ing groups north of Earlville. There are a few rather prom-
inent examples in the northwest corner of KElk township.
They are very numerous in the northeastern half of Honey
Creek township. They are in general conspicuous features of
the marginal portion of the Towan drift plain. |

Second, there are some comparatively large areas, each
embracing a number of square miles. One of these, with
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heavy beds of loess and Driftless area topography, stands in
the midst of Iewan drift in the central part of Richland town-
ship. This -area constitutes the Richland highlands. At a
number of-peints on the high ground west of Forestville the
loess is seen'resting on undisturbed residual clays and cherts.
The Magquoketa flows through the highlands in a compara-
tively deep canyon. Iowan drift is absent, and the Kansan
drift is seen but rarely.

The largest area of the kind under consideration is the
Delhi plateau, described at some length under the head of
topography. It is surrounded by Iowan drift, but contains
- none within its limits. Kansan drift, weathered. and oxidized
as usual, occurs under the loess at numerous points. Near
Hopkinton, as already noted, the loess rests on Buchanan
gravels. In many places, however, there are no signs even
of a Kansan invasion of the region, and loess lies on residual
products. .By way of explanation of these anomalous areas it
can only be said that it looks as if the Towan i ice had been too
thin near its margin to overflow eminences rising fifty feet or
more above the general level, and so it simply flowed around
them. The upper surface of the ice in general was doubtless
somewhat higher than the tops of the eminences in question,
so that when the flow was at its maximum these areas lay at
the bottom of shallow, basin-like depressions within which
fine silt or loess was deposited. The faets, however, may
bhave been quite different from those which the peculiar phe-
nomena, at first sight, seem to suggest.

The Towan drift is'a light yellow, highly calcarecus clay,
unchanged by weathering and oxidatioh even at the surface.
1t presents a strong contrast to the deeply weathered, leached
and oxidized upper zone of the Kansan. Its presence, how-
ever, may be detected without special tests by the gently
undulating topography free from erosion forms, and by the
presence of large granite bowlders strewn over the surface.
Mingled with the granites other forms of crystalline rocks
ocecur occasionally. A fine, large quartzite bowlder, five feet
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long, three feet wide and fifteen inches thick is seen on the
Sw. 1 of Se. } of section 16, Delaware township, and another
similar in type, and probably from the same original ledge,
‘was noticed in the southeast quarter of section 3 of the same
township. Both bowlders show very perfectly the lamination
planes of the original bedding, and in both the surface is
beautifully ripple-marked. -

Loess is the name given to the fine, silt-like clay that in
general covers the area outside the margin of the Towan drift.
Loess also covers the paha, and very generally it covers the .
other island-like areas that seem to have been completely
surrounded by Iowan ice without being overflowed by it. The
composition, structure and distribution of the loess indicates
that it was derived from the Iowan drift, and its deposition
was in some way connected with the presence or retreat of
the Towan ice. Approximately one-third of Delaware county
is loess-covered, the localities so covered having been already
described. Quartz sand, to a large extent, takes the place of
loess in the northern and central parts of the Delhi plateau.
In many other localities the loes is underlain by stratified
sand. This is particularly true along valleys that may have
served as drainage courses to carry off the water from the
melting Towan ice. An interesting occurrence of sub-loessial
sand was seen in Whittaker hollow, a mile or two southwest
of Hopkinton. Heavy beds of loess lie on the sloping sides of
thevalley, and at one point in the southwest quarter of section
23, Union towhship, a bed of highly colored, reddish-orange,
stratified sand is exposed beneath twenty-five feet of loess.
The sand, six feet in thickness, rests on the bottom of the
valley, showing that Whittaker hollow, as well as the rest of
the drainage courses of the region, was eroded to its present
depth before the sand or loess was deposited. All these-
valleys are in fact pre-Kansan, as shown by the presence at
various points of undisturbed Buchanan gravels.

For four or five. feet above the base of the loess, at the

point under consideration, there are irregular pockets of the
14 G Rep.
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bright-colored sand, not mlngled with the clay, but simply
enclosed in it, as if they had been deposited as frozen pellets.
The sub-loessial sand is clearly an aqueous deposit, and the
sand pellets included in the basal portion of the loess were:
certainly not transported by wind. In the upper part of the
exposure, about fifteen feet above the base of the loess, a few
specimens of Succinea avara were noted. The whole body of
loess at this point is quite distinetly banded, and is more than
usually arenaceous. 4 :

With reference to the areas actually invaded by Iowan ice
the dlstmbutlon of the loess seems to be generally, if not
invariably, extra-marginal. Except at the point noted under
Topography in sections 27 and 28 of Hazel -Green township, it
is mot certain that the loess of this region ever rests on
Towan drift. - The contact of the loess with Niagara lime-
stone, with re31dua1 products such as dark brown clays and
cherts, with Kdns(m drift and with Buchanan gravels, may be
observed at seores of pomts but nowhere, except in the
smgle mstance menmoned was it seen resting on- drift of
Towan age. It may yet 1ndeed be possible that the morainic
ridges referred to in Hazel Green township are eomposed of
Kansan drlft with Towan drift lapping up on the sides, but
not; reaehmg the top; and that afterall the loess does not rest
on till of Towan age, but on Kansan, as is its almost universal
habit. o

"ALLUVIUM.

Na.rrow belts of alluvmm oceur a,long the principal drain-
age courses in all the areas that were not invaded by
Towan drift. The Little Turkey siver has in places a
beautiful, flat- bottomed valley, which is covered with heavy
beds of rich alluvium. . Alluvial pla.ms, but of no great width,
border Elk creek and its branches; and Buck creek, Plum
creek and the Maquoketa river have their flood plains cov-
ered with alluvium within the limits of the Delhi plateau.
Alluvium covers the flat bo_ttom of the valley through which
the Maquoketa flows at the Backbone in Richland township,
and a small amount of the same deposit is found along the
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North Maquoketa, in sections 1 and 12 of South Fork town-
ship. Streams, such as Buffalo creek, that flow through the
area of Towan drift, have no flood plains, or alluvial plains, in
any true sense; for the gently undulating surface of the

region through which they flow, covered with drift and

sprinkled with bowlders, continues without interruption to
the water’s edge.

TERRACES.

Well defined terraces, composed of stratified sands and
gravels, occur along the streams of Delaware county, particu-
larly in the areas inside the Towan margin, but which are free
from Iowan drift. The height to which the terraces rise
above the water in the adjacent stream varies considerably
in different localities. Near Hopkinton the upper surface of
the terrace on the east side of the river is fifty feet above the
water level. Near Millheim, in Delaware township, a terrace
composed of fine stratified sand has an elevation of thirty feet

“above the water in Honey creek. At other points in the
county the height of the terraces above the water in the
nearest stream varies within limits ranging from ten to fifty
feet. ' ‘

At Hopkinton the terrace material is piled against the side
of an ancient valley, that was bounded by rocky cliffs seventy-
five to a hundred feet in height. - The town is built on a plat-
form that overlooks a rather wide bottom land, or flood plain,
the platform corresponding in height to the upper surface of
the terrace. The descent from the top of the terrace to the
bottom land is abrupt. In the centerof the town the Niagara
limestone is encountered a few feet below the surface, but
near the margin of the platform wells seventy-five feet in
depth are made without striking rock. The same sandy ter-
race extends for more than a mile northwest from Hopkinton
on the left side of the river. A gravel terrace begins on the
west side of the stream, near the center of section 11, Union
township, and continues beyond the morth line of section 2.
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In section 2 it is set off by an abrupt descent of fifteen feet
from the narrow flood plain. Excavations show that the main
body of this terrace is made up of very old, weathered, fer-
ruginous material of the age of the Buchanan gravels. The
deposit presents all the characteristics of the valley phase of
this formation. The materials are finer than on the high-
lands. The coarser material is at the top of the deposit, with
sandy beds below. The wea,thered zone at the top has the
usual reddish-brown color.

Manchester is built on a sandy and gravelly terrace, the
material showing perfect stratification when seen in fresh
section. The terrace deposit extends up Honey creek for
several miles, and is also well displayed at intervals, above
the mouth of Honey creek, along the Maquoketa river. At
the Backbone, in Richland township, a sand terrace on the
left side of the stream rises thirty feet above the water. This
terrace is composite, for fresh sands overlie rust-colored,
oxidized gravels of Buchanan age. The contrast between
the older and newer portions of the deposit is very striking. In
some places, however, the old gravels seem to underlie noth-
ing but the talus derived from adjacent slopes.

It is interesting to note that the terraces observed in this
county are nearly all referable to the period of ice melting
following the invasion of the Kansan glaciers. In some cases
there have been some additions to the terrace deposits in
‘times more recent than the Buchanan gravels, but the 81gn1ﬁ-
cant point is that these valleys are pre-Kansan in origin.

Soils. >

Delaware county affords quite a variety of soils. The
typical soil of the Towan drift region, covering two-thirds of
the surface of the county, is a deep black loam, rich in organic
matter and containing an abundance of the soluble mineral
constituents from which the crops of the farmer draw so large
a supply of plant food. The largest continuous area of Towan
_ drift embraces the townships lying southwest of the Maguo-
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keta river, and it is here that the rich, black, loamy soils of
the type described are best developed. Between the Maquo-
keta river and the Jowan margin there are large areas, more
or less interrupted; however, by the island-like paha and other
patches free from Iowan drift, over which soils of the same
superior quality are distributed. Every township in the
county, except Colony, has some areas covered with soils
derived from Iowan drift. In some parts of Oneida, Bremen,
North Fork, South Fork and the other townships included
between the Maquoketa river and the Towan drift margin the
soils are thin. Rock ledges and residual clays and cherts
come near the surface or even become superficial by project-
ing through the scant materials belonging to the drift. Over
an area of several miles in extent around Delaware the thin
soil, in many places, is insufficient to conceal the rocks and
residual cherts which form numerous stony knobs and flint
hills unfit for cultivation. Angular fragments of chert mixed
with ferruginous residual clay, constitute a natural macadam
of excellent quality in many of the roadways. Near the
margin of the Towan ice the amount of fine clayey material
transported and deposited was very small, and hence it is that
thin soils characterize so much of the surface in a zone, six or
eight miles in width, immediately adjacent to the margin of
the Towan drift plain. The townships of Hazel Green, Adams,
Prairie and Coffins Grove, together with the southwest half
of Milo, are in general covered with a heavy bed of drift upon
which a soil upexcelled in the Mississippi valley has been
developed since the retreat of the Iowan ice.

Around Rockville there are extensive areas covered with
@olian sands and presenting a type of soil far from desirable.
Sandsthat bear evidence of having been carried and deposited
by winds occur at numerous points in the belt of thin soils
inside the Towan margin. Such sands occur abundantly near
Earlville; Delaware, and generally throughout North Fork,
Bremen and Oneida townships. They are lodged usually on
the gentle slopes of the low hills, the broad swales or low
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lands being generally free from sand and covered with a heavy
black loam. In a low ridge near the northwest corner of
section 7, Oneida township, there are four to six feet of aolian
. sand resting on an old soil bed, as demonstrated by excava-
tions made by Mr. B. F. Hoyt. Sand, derived from terrace
. material along the stream valley, characterizes the soils on
both sides of the Maquoketa for some distance above and
below Manchester.

In the portion of the county not covered with lowan drift
the soils are either loess clays, sands or residual products.
Northeast of the Iowan boundary line loess is the prevailing
material. The surface is hilly and uneven. Yellow loess
clay, quite free from organic matter, but rich in lime carbon-
ates and other forms of mineral plant-food, gives color and
character to the fields, and presents a strong contrast to the
deep, black, mellow loam which prevails. over the region of
Iowan drift. On steep hill slopes loess soils are not very
productive. They wash badly, and the surface often presents
a series of impassable ditches and gullies. In the central and
southern part of Colony township there is an area more than
usually level for a region covered with loess and Kansan
drift. The storm waters are carried off slowly. The surface
is not gashed or gullied, and the loess type of soil is here seen
at its best. Such a soil is very fertile, is adapted to a great
range of crops, and ranks with the best known anywhere in
the great fertile northwest.

Loess covers the paha in the marginal zone of Iowan dmft
and where the surface is not too steep the soil possesses many
admirable qualities. Loess covers the hlghlandb in the central
and northern part of Richland township. The surface is
rather hilly north and northeast of the Backbone, so that the
country is better adapted to orchard culture or timber culture
than to ordinary farming. The Dezlhi plateau is largely cov -
ered with loess, but the broken and hilly character of the
surface in general indicates that the production of ordinary
farm crops is not the purpose to which the region is best
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adapted. It should be reserved as forest land, but where this
is not practicable it should be devoted to orchards, vineyards
or the cultivation of small fruits. Some portions of this
plateau are covered with sand, the region about Delhi being
typical in this respect. The sand beds are at least ten to
fourteen feet in thickness, and, near the northern margin of
the plateau, seem to take the place of the loess. The sandy
soils about Hopkinton seem to be derived from sand terraces
that are probably as old as the close of the Kansan glacial
stage.

Taking the county as a whole the average grade of its soils
is high. |

Deformations.

No very marked foldings of the indurated beds were
observed in the county, but there are indications of a very
interesting deformation affecting the strata over a large area
in the northern and northwestern townships, and interfering
with the normal dip toward the southwest. The Pentamerus
beds, for example, are exposed in section 20 and in adjacent |
sections of Elk township. In place of the usual dip, however,
these beds actually rise sligatly toward the west and appear
at the Backbone in the center of Richland township. They
are found at intermediate exposures, as near Millheim and
Forestville. The same reversed dip is continued westward,
outerops of Niagara occurring in townships of Buchanan
county, west of Richland; and a salient angle of the Niagara
area cuts a deep notch in the eastern edge of the Devonian.®
Massive ledges of Niagara are exposed on the Wapsipinicon

river, near Fairbank, in the southwest corner of Fayette
county.

*See Geological map, Plate ii, of this volume. Note in the eastern edge of the Devonian
o the re-etrant angle, having its apex nsar the northwest corner of Bachanan county.
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ECONOMIC PRODUCTS.
Building - S’cone

There are at present no quarrles operated on a commercial
scale in Delaware county. Building stone of excelient quahty
. oceurs m ‘abundance; outcrops of the beds capable of furnish-
ing it are numerous and not unfavorably situated; but so far
the quarries have been developed only to the extent of supply-
ing local demands; they are worked mtermlttently, there are
none supphed with other than the smlplest machinery and
appliances for gettmg out the stone; there are none that Shlp
any considerable portion of their output beyond ‘the limits of
the county.

Quarries have been opened in almost every nelghborhood in
the northeastern half of the county. .There are two horizons
at which evenly -bedded, eablly quarried stone occurs, and the
quality of the stone at both horizons is sueh as to plaee it
among’ the best in Iowa The lower quarry stone horizon
begins about thirty feet above the base of .the Nlagara lime-
stone and has a thwkness of more than thirty feet. The other
horizon occurs near the: top of the Dela,ware stage, above the
Pentamerus ‘beds, and has about the same thlckness as-the
lower quarry stone horizon. :

The prmelpal quarries of the 1ower horizon are located in
Elk township. There are at least four in section 16, one in
section 23, and two or three occur in seemon 2. All areworked
more or less constantlv durmg the summer season. The
Wilcox quarry, a]ready described.in dlscussmg the character-
istics of the lower portlon of the Niagara limestone, is in the
southwest quarter of section 16, and is typical of all the others
at this geological level. Tt presents a vertical face of about
thirty feet. The beds range from three or four inches to
thirty-six inches in' thickness. The ledges, especially near
the middle of the exposure, are fine-grained and suitable for
use as cut stone in the best grades of masonry. Stone for all
structural purposes, including bridge piers and heavy founda-
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tions, as well as the range courses and trimmings of ordinary
buildings, might be obtained here with great facility if only
the conditions of the market demanded it. The other quarries
of this neighborhood are capable of producing stone of equally
high grade.

There are quarries at the same horizon in Bremen town-
ship. One of these is located south of the center of section
13, and there are two or three in section 26. A quarry on the
land of Paul Steger, in the northern part of section 26, fur-
nishes good stone for rough masonry. The rock is granular,
vesicular, much pitted by weathering where exposed, rather
evenly-bedded; beds are horizontal and vary from a few inches
to more than a foot in thickness. The pitted condition due to
weathering is peculiar and distinguishes the rock of this
locality from the equivalent beds on Elk creek. The quality
is inferior when compared with stone from the Elk creek
quarries. Another quarry in which the stone shows similar
peculiarities of weathering occurs on land belonging to John
Lappe, a short distance southwest of the center of section 26,
Bremen township.

Beds of this lower quarry stone horizon, resembling those
on Klk creek, are exposed at many points along the Little
Turkey river and its branches in the northeastern part of
Colony township.

The best exposures of the upper quarry horizon are seen in
Union township, a few miles southwest of Hopkinton. The
Merriam quarry, in the southeast quarter of section 23, has
been worked longer than any of the rest and may serve as a
general illustration. I am indebted to notes furnished by
Prof. A. G. Wilson, of Lenox college, for the following
description of the Merriam quarry section.

¥EXT. INCHES.
11. Layers of limestone alternating with layers of

chert, each about three inches thick........ 2 4
10. Single layer, with embedded concretions of
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FEET. INCHES
9. Three to six inch layers of limestone alternat-

ing with two to.thrée inch layers of broken

Chert. . cvie i e 5

8. Fair rock with little chert....... eeseaaaaiaas 1 3

7. Even-grained rock, cleavable................. 10
.6. Good quarry stone in several layers........... 3
5. Compact layer with large, flat Pentamerus.... 2

4. Lowestlayer worked ...............coiinnn, 10
3. Vesicular ledges below base of quarry........ 3
2. Cherty layers............. et e 4
1. Cherty and vesicular layers down to talus..... 18

The Merriam quarry has from fifteen to twenty feet of
excellent quarry stone. There are two or three other quar-
ries worked at the same horizon in the same quarter section.

The Loop quarry is situated in the northwest. quarter of
section 25, Tp. 87 N., R. IV W., about one mile southeast of
the Merriam, quarry. This quarry has been worked only a
short time, but it gives promise of furnishing a large amount
of valuable building stone. The stone is fine-grained, homo-
geneous, easily worked and of good color. As the quarry is
carried farther back into the hill the aggregate thickness of
the available stone will increase to twenty-five or thirty feet.
The beds now exposed furnish excellent material for rubble,
range courses and dimension stone up to ten inches in thick-
‘ness.

Quarry stone belonging to the Merriam quarry horizon
crops out at a number of points along a small ravine in the
east half of section 17, South Fork township. The bedding
seems to be thinner here than on the west side of the Maquo-
keta in Union township. Some of the beds, however, are ten
inches in thickness; and quarries worked on land of H. Davis,
in the northeast quarter of section 17, and on the land of M.
McGlade, in the southeast quarter of the same section, have
furnished a large amount of good building stone for local use.-
Another small opening at this same horizon was noted in see-
tion 14 of South Fork township.
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There are several quarries in the upper building stone beds
in' Milo township. The largest are located in the eastern part
of section 9, near the north end of the highlands, called in this
report the Delhi plateau. The land on which the quarrying is
done is nearly 200 feet higher than the Maquoketa river at the
nearest point. The rock is here less magnesian than at other
exposures in the county. A large proportion of it is bluish in
color, and there are many large pockets of calcite. The bed-
ding is quite regular, but the quality of the stone is not equal
to that at the Merriam and Loop quarries further south. A
much better quality of stone is furnished by the quarry of T.
B. Matthews, located near the center of section 4. The
Matthews quarry has beds ranging from two inches up to two
feet in thickness. The stone is a good color, rather fine
texture and may be used for the better grades of structural
work. " _

In Delhi township the upper quarry stone is worked to some
extent at Beal’s quarry, in the town of Delhi. It is exposed,
and might be easily quarried, in the bluff south of Fleming’s
. mills, in section 29, and there are a number of other exposures,
though at rather inaccessible points, along the bluffs of the
- Maquoketa, in sections 29, 30, 33, 34 and 35. . A small quarry
capable of affording very excellent stone is opened on land of
George H. Norris, in the northeast quarter of section 23.

"The Pentamerus beds are usually massive and break on
-quarrying into shapeless pieces, but at a few points in the
countjthey lie in comparatively thin, even layers that may
be quarried without difficulty, and yield stone suitable for a
number of purposes. The position of the Pentamerus beds is
between the two quarry stone horizons already described. A
small quarry is worked in the Pentamerus horizon in the
- northwest quarter of section 3, Colony township. In the
same township there is another quarry at this horizon near
the center of section 27, and still another is worked in the
southwest quarter of section 35. The last mentioned has been
operated more extensively than the other two. The quarry
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face is about eight feet in. height. The beds are somewhat
shattered near the top. Chert is abundant as partings between
the layers; or as concretions embedded in them. The lime-
stone is overlain by a very reddish-brown, pebbly Kansan
drift. Pentamerus oblongus is the prevailing fossil, but along
with this species there occur Receptaculites sp., Stromato-
poroids undetermined, Lg/él_l'ia americana, Halysites catenulatus,
Syringopora tenella, Strombodes pentagonus.and Streptelasma
patula. :

Some of the most-important quarries worked in the Pentam-
erus beds are located in the southwest quarter of the north-
west quarter of section 31, Bremen township. In one of these
quarries (Plate x, F'ig. 2) there is an exposed section, thirteen
feet in thickness, which shows. - '

¥EET.
2. Coarse vesicular stone in heavy ledges, ledges varying

from eight to thirty inches in thickness............ 8
1. Evenly-bedded stone in layers two to six inches in
thickness. Some of the layers contain Pentamerus
oblongus with sbells partly preserved. Stone is .
soft earthy dolomite, with some chert.............. &

The massive beds of No. 2 eontain Lyellia, Favosites and
other corals. These thick ledges are undermined in taking
out the thinner layers of No. 1, and great blocks left without
support fall down on the floor of .the quarry, as shown in
figure 2 of plate x. :

Some stone is obtained from this horizon near Sand Spring,
in South Fork township. Pentamerus limestone is ased for
foundations and bridge piers at Forestvﬂl% in Richland town-
ship. Near the northwest corner of section 2, Milo township,

" there is a small quarry that with rather coarse, thin- bedded
limestone furnishes an unusual amount of chert

Lime.

With an abundance -of stone of first-class grade for lime-
burning it is a little surprising to find that only a small amount
of lime is produced in Delaware county. There are no kilns
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that are operated continuously or that attempt to do more than
supply some temporary local demand. There are scores of
localities where the Pentamerusand coral-bearing beds, lying
between the two quarry stone horizons, are massive, crystal-
line and free from chert. In such case, if properly managed,
they will produce a superior quality of lime. Remains of
abandoned limekilns are found in almost every neighborhood
where the Niagara limestone outcrops, but no kilns were seen
in operation. There are half a dozen or more of these old
kilns in the neighborhood of Hopkinton. No better lime was
ever made anywhere than that which these kiins produced
when they were operated. The raw material is abundant and
easily obtained. What is lacking is capital, organization and
efficient management. Dubuque lime, and otherlimes not one
whit better than the home product, but made on a large scale
by improved methods, are able to supplant the home product

when made by the primitive appliances adopted by the pioneer
settlers of the county.

Clays.

Loess clays and drift clays suitable for brick making are
widely distributed in Delaware county. The Mattox brick-
yard at Manchester is probably the oldest in the county. It
has been operated for twenty-one years. The clay used is
Towan drift, which is here quite free from pebbles. Beneath
the thin layer of Iowan there is blue Kansan till, rich in
pebbles, and many of the pebbles were derived from limestone.
The presence of these limestone fragments renders the Kansan
till unfit for use in brick making. The brick made at the
Mattox yard are hand molded. They are dried on the yard
and subsequently burned in the ordinary cased kilns. There
is very little loss from checking either in drying or burning.
The capacity of the kilns vary from 150,000 to 300,000. The
greatest output in any one year was 900,000. The brick are
of good color, and individually weigh about four and one-fourth
pounds. '
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The Williamson and Stead brickyard is located about one
mile south of Hopkinton. Loess clay is used, the thickness
of the bed being about fifteen feet. The brick are molded in
a Martin machine, operated by horse power, and having a
capacity of 15,000 per day. A re-press is used on some of the
product. The clay from the pit is soaked in water and is used
without mixing with sand. There is little trouble from check-
ing. The clay, unlimited in quantity, would make good

pressed brick of excellent color if there were a-demand suffi-
" cient to warrant the outlay for the necessary machinery.

Brick have been made from loess clay at two points east of
Colesburg. Both kilns are in section 3, Colony township.
The brick were hand molded. They stood firing well, burned
hard and took on a good color. No brick were made here in
1897. -

A pottery at Colesburg, operated by Frank Brock, makes a
good grade of earthenware from Maquoketa shales. The
whole thickness of the shales is exposed in a deep gorge.in
sections 2 and 3 of Colony township, and the clay used at the
pottery is taken from near the middle of the deposit, the pit
being located in the Se. 1 of Ne. % of section 3. The shales
here are non-fossiliferous, and consist throughout their whole
thickness of beds that weather into smooth, fine-grained
plastic - clay, suitable for .the manufacture of pottery and
various grades of brick. The raw material is unlimited in
amount,. - | |

Cement Rock.

The transition beds, twenty-five feet in Ehi‘ekness, between
the shaly portion of the Maquoketa formation and the base of
the Niagara, have the qualities of beds used in the manu-
facture of natural cement. No tests have yet been made to
determine the quality of the product these beds would yield,

but the experiment of making cement from the beds of this
horizon is well worth trying.
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Iron Ore.

A body of bog ore, limonite, underlies lowan drift in some
low meadow land in the south half of the southeast: quarter of
section 1, Delaware township. Similar ore was encountered
" in digging surface wells in adjacent parts of section 12. The

area within which this ore is known to exist is about 100
acres. ' o

The iron ore is quite impure, being mixed with sand and
pebbles. In thickness the bed varies from a few inches to
six feet, as reported by persons who had made test pits to
determine the question. A small gully is in process of exca-
vation by head-water erosion, in the lowest part of the meadow;
and at the head of the excavation the ore is naturally exposed.
At this point the bed is thin and the ore occurs in large flakes
and irregular masses.separated one from the other by ferru-
ginous sand and clay. The iron rests on blue clay of Kansan
age. The overlying Iowan drift varies from one to more than
six feet in thickness. |

At present this deposit possesses little economic value, its
chief interest lying in the fact that it records the existence at
this point of an interglacial marsh of long duration, and adds
another link to the irrefutable chain of evidence that the ages
of the Kansan and Towan drift sheets are separated by long
reaches of time. The bog ore is an interglacial deposit, bear-
ing witness to the fact that the interglacial climate for many
centuries favored the growth of luxuriant vegetation.

Road Materials.

Throughout the whole northeastern half of Delaware county
material for the improvement of roads is abundant. Loess
clay answers an excellent purpose on sandy roads, and such
_ clay is usually plentiful within easy hauling distance of almost
every point along the Maquoketa river or in the area lying
northeast of that stream. Better and more permanent
jmprovement is made by the use of chert and broken lime-
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stone. The streets of Hopkinton, which are naturally sandy,
have been covered with risidual clay, chert and fragmentary
limestone from a pit in the western edge of the town, and the
results are very satisfactory. A stretch of road in sections
11 and 12, Tp. 87 N., R. IV W., formerly almost impassable
by reason of deep sand, has been put in excellent condition
by the use of the same kind of material taken from the river
bluff in the northeast quarter of section 11. A quarry in the
northwest quarter of section 2, Milo township, has furnished
a large amount of very desirable road metal in the form of
chert and limestone. Material of the same kind is generally
distributed except in the prairie townships southwest of the
Maquoketa.

Residual chert alone is used to a large extent in Delaware,
Oneida and Delhi townships. Some stretches of road in the
central part of the county are provided by nature with a
macadam of residual chert in place, and beds of fragmentary
chert, grading down into beds of partially decayed chert and
limestone, are coextensive almost with the outcrops of indu-
rated rocks.

In the Pleistocene formation the most important road
materials are the Buchanan gravels. These have been already
described. The pit near Earlville, on the land of Mr. M. V.
Newcomb, has furnished more material for use on wagon roads
than any other in the county, but there are other deposits
equally good awaiting the enterprise that will develop them
and use the material on the loamy and clayey roads that at
certain seasons of the year are impassable for loaded teams.
The great pit near Dyersville, in section 25 of Bremen town-
ship, is the largest in the county. The product has been used
for ballast on the line of the Chicago-Great Western railway.
The gravel deposits here occupy an area of several hundred
acres in sections 25 and 26, and could supply material enough
to improve the larger part of all the roads needing improve-
ment in the entire county. A bed almost as extensive as that
in Bremen occurs in sections 18 and 19, Richland township.
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The townships of Honey Creek, Colony, Delaware, Oneida,
Milo, Delhi and South Fork are also well supplied with
gravels. Beds were also noted in Coffins Grove and Prairie
townships. There is no county better supplied with easily-
worked materials for the improvement of the ordinary prairie
roads. | '

With an abundance of residuial cherts and Pleistocene
gravels ready to hand it is not likely that resort need very
soon be made to stone mechanically crushed or broken for
use on streets and roads, but should the demand for such a
product arise, there are rock exposures in almost every neigh-
borhood, except the southwest part of the county.

Railway Ballast.

The Buchanan gravels are already used to a large extent
for railway ballast, and their use might, with small expense, be
greatly extended; for deposits occur near railway lines at
Earlville, as well as at numerous other points throughout the
county. The gravel pit of the Chicago Great Western rail-
way near Dyersville has been noted. A similar pit is worked
by the Illinois Central a few miles south of Manchester.
When broken stone ballast comes to be needed, the county can
furnish it in quanities to meet any probable demand.

W ater Supply.

Delaware county is well watered by streams which are in
the main permanent even in seasons of drouth. Springs are
numerous and bountiful, the permanence of the streams being
due largely to the volume of water which the springs supply.
Along Elk creek and its numerous tributaries there are many
copious springs along the outcrop of the transition beds
between the Magquoketa shales and the Niagara limestone.

Springs also abound at the same horizon along Little Turkey
" river and its branches in Colony township. At the Backbone
in Richland township there are a score or more of springs

issuing from crevices in the shattered limestone below the
15 G Rep.
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horizon of Pentamerus oblongus. The same horizon is marked
by springs, some of large volume, in Honey creek and Dela-
ware townships, near Millheim, and in South Fork township,
near Hopkinton. The splendid springs that supply Spring
creek, in section 35 of Delaware township, and in sections 2,
3 and 10 of Milo, come from about the same geological level,
The bountiful supply of pure spring water poured out from
the rocks along the valley of -this creek has afforded the
opportunity for establishing here one of the largest and best
equipped fish hatcheries under the control of the United
States fish commission. Springs, in short, occur at intervals
along all streams that cut their channels through the super-
ficial deposits down into the indurated rocks.

Well water is obtained in streaks of sand and gravel in the
Pleistocene deposits. Formerly wells twenty to 'fbrty» feet in
depth afforded an unfailing supply of water throughout all the
prairie portion of the county; but lately it has been necessary
in most cases to bore through the drift and for some distance
into the underlying rock, in order to get the volume of water
needed on the ordinary farm. In the southern part of Prairie
township, for example, the drift series is from 80 to 120 feet
in thickness, and the farm wells are bored from 70 to 100 feet,
or even more, in. the Niagara limestone underlying the drift.
The well on the estate of John S. Barry is 285 feet deep, and -
on land of 8. M. Shofner, near the northeast corner of section
27, a well is 300 feet in depth. On other farms in the same
neighborhood the wells range in depth from 150 to 200 feet.

Near Hopkinton the deeper wells go through the Niagara
limestone and for some distance into the®Maquoketa shales.
A typical well of this locality gives the following sectlon,
taken from notes furnished by Prof. A. G. Wilson.

5. Sandy soil........cciiiiii e 2
4, Claysubsoil ....... . i 8
3. Niagara limestone, buff................oooiiiiii 130
2. Limestone, nearly white.............c.o i 20
1.

Maguoketa shales, blue..........c.coooiiiiilL 40
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The well is located on land of Charles Root, in the north-
west quarter of section 18, South Fork township. The well
head, as reported by Professor Wilson, is about 140 feet above
the level of theriver. Some of the wells of the neighborhood
are reported as going 100 feet into Maquoketa shales.

While supplies of water for farm and isolated household
purposes may be obtained in the drift, in the Niagara lime-
stone or in the Maquoketa shales, at depths ranging from
twenty to 300 feet, supplies for cities must be drawn either
from permanent streams or from the great water-bearing sand-
stones that, throughout the county, lie at depths of 1,500 or
2,000 feet beneath the surface. Manchester obtains its water
supply from a deep well reaching to the basal portion of the
Saint Croix sandstone. A summary of the record of this well,
published by Norton,* gives the following.

FEET.

10. Niagara.................. et aeeaiiiiearaea 225
9. Maquoketa ................... ... et 205
8. Galena-Trenton........ e e 354
7. Saint Peter........... e e, 33
6. UpperOneota ...........oviurimiiiiiiiiiene ounn 65
5, NewRichmond...............ocoiiiiiit ciiiinn.. 49
4, Tower Oneota.......c.ooviiii it 215
. Jordam . ..ol T 90
2. Saint Lawrence ....ooviier i 229
1. Basal sandstone (penetrated)......................... 345

The depth of this well, acecording to Norton’s report, is
1,870 feet, and the bottom is 944 feet beneath tide level. The
water, as shown by the official analyses, is of excellent quality.

Water Powers.

Water powers with head varying from eight to fourteen
feet have been developed along the Maquoketa river at the
following points. '

1. Forestville, Richland township.
2. Quaker Milis, Delaware township.
3. Manchester, Delaware township.

*Towa Geol. Surv., vol. VI, p. 219. Des Moines, 1897.
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4, Hartwick, Delhi township.
5. Fleming’s Mills, Delhi township.
6. Hopkinton, South Fork township.

Mill sites on Honey creek are found at Millheim, in section
3, and at two points in section 20, near Manchester, Delaware
township. The Fountain Spring mills (Plate xii, Fig. 2) are
on Odell’s branch of Elk creek, in section 16, Elk township.
There is an abandoned site on Elk creek about a mile south
of the Clayton county line. A sawmill was once operated
near the mouth of Plum creek, and there was another on
Buck creek, in section 10, Union township.
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FOREST TREES OF DELAWARE COUNTY.

BY JOHN E. CAMERON.

The surface of Delaware county is divided into prairie and
timber land. The timbered area occupies about one-fourth of
the county and is confined to the rougher and more broken
regions. The timber is well distributed, following as it does
the south fork of the Maquoketa river and its branches in its
diagonal course through the county. Extensive forests exist
along Elk creek in the north central, and along the Little
Turkey river, in the northeastern part of the county.

Most of the wood is second growth, but some large and
valuable timber remains west of the Maquoketa, in Union
township, and in the valley of the Little Turkey, in Colony
township. The best example of the original forest is to be
seen in a piece of timber owned by Dr. Hugh Livingston,
located two miles south of Hopkinton, in South Fork town-
ship.

A few miles above Manchester there is a valuable strip of
timber east of the Maquoketa river, which has grown up since
the country was first settled. But while in a few instances
the timber has extended its rangé, in the last few years great
tracts of second growth have been cleared for farms, pastures
and farming lands, so that where once stood valuable forests
we find to-day the poorest farms of the county.

There is & marked difference between the forests of the
drift-covered regions of the south and the Driftless area of the
northern part of the county. In the former we have the woods
common to this latitude, while in the latter these give place to
" alarge extent to the chestnut cak (Quercus muhlenbergii), white
or canoe birch (Betula papyrifera), rock elm ( Ulmus racemosa),
witch hazel (Hamamelis wvirginiana), leatherwood (Dirca
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palustris), white pine (Pinus strobus) and the red cedar (Jum-
PErus VIrginiana).

The appended list of shrubs and trees of Delaware county
. is represented by specimens in the State university herbarium.

In arrangement and synonomy Gray’s Manual, sixth edition,
has generally been followed.

" DICOTYLEDONES.

TILIACE A,

Tilva americane L. Basswood. Hills and rich woods.
Common.

RUTACEZ.

Xanthovylum americanum Mill. = Prickly'ash., Frequent in
moist woods.
- CELASTRACEZ.
Celastrus scandens L. Climbing bittersweet. . Frequent on
uplands, climbing over low shrubs. :
Fuonymus atropurpureus J acq. Burning-Bush. Waahoo.
Rare in moist woods.

RHAMNACEZE.

Ceanothus americanus L. New Jersey tea. Dry woodlands
and prairies. Common. "

VITACEZ.

Vites riparie Michx. Wild grape. Common on low, rich soil.
Ampelopsis quinguefolia Michx: Virginia creeper. Common.

>

SAPINDACEA.

Acer dasycarpum Ehrh. Soft maple. Frequent on low
bottoms.

A. saccharinum Waﬁ_g. Sugar or rock maple. One of the
commonest of the forest trees.

Negundo aceroides Moench. Box elder.. Spariﬁgly along
the streams. ’ ‘
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Smph;z/lea trifolia L. American bladder-nut.: N oted only
in North Fork and Richland townships.

ANACARDIACEZ.

Rhus typhina L. Staghorn sumach. Only in the north-
eastern part of the county.

R. glabra L. Smooth sumach. Common on high, open
- ground. :
-~ R. towicodendron L. Poison ivy. Frequent on dry DOI].S

Often confounded with the Virginia creeper. The former
has three leaflets; the latter has five.

R. canadensis-Marsh. Sweet-scented sumach. Noted only
in Union and Delhi townships.

LEGUMINOSZ.

Amorpha fruticosa L. Falseindigo. Low sandy soils along
streams. Frequent. '

A. macrophylla Pursh. On rocky soil. Rare.

Tephrosia virginiana -Pers. Goat’s rue. Rare. Grows in
very sandy soils.

Robinia pseudacacia 1. Common locust. Escaped from
cultivation in places.

Gymnocladus canadensis Lam. Kentucky eoﬁee tree. Only
a few small trees were found south of Hopkinton along the
river.

. Gleditschia triacanthos L Honey locust. A few trees along
the river south of Hopkinton.

ROSACEA.

- Prunus americana Marshall. Wild plum. In elumps on low
ground Common.

P. virginiana L. Choke cherry. Common.

P. serotine Ehrh. Wild black cherry. A common forest
tree. -

Physocarpus opulifolius Maxim. Nine bark. Common
along rocky hilisides in the northern part of the county.
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Rubus strigosus Michx. Wild red raspberry. Frequent.

R. occidentalis L. Black raspberry. Rather common.

R. wvillosus Ait. Blackberry. This species and the two
preceding were formerly quite common, but the pasturing of
the timber land has killed them out to a large extent.

Rosa blande Ait. Wild rose. Frequent in open ground.

Pyrus coronaria 1. Crab apple. Common on low ground.

Crategus coccinea L. Hawthorn. Frequent.

C. coccinea L. var. mollis Torr. and Gray. Rare.

O. tomentosa L. Rather common in upland woods.

C. crus-galli L. Cockspur thorn. Rare on low grounds. .

Amelanchier canadensis Torr. and Gray. Service-berry;
Juneberry. Found only east of Colesburg.

SAXIFRAGACEZ.

Ribes cynosbate L. Prickly gooseberry. Reported.

R. gracile Michx. Missouri gooseberry. Common along
the streams.

R. oxyacanthoides L. Frequent on the h111s1des

R. floridum 1’ Her. Wild black currant. Rich open ground.
Rare.

HAMAMELIDE A&.

Hamamelis virginiana L. Witch hazel. Rare, except in
northeastern part of the county. It isa rather tall shrub,
blossoming late in autumn, when the leaves are falling, a,nd
maturing its seeds the next summer.

CORNACEZE. ©

Cornus circinota 1T'Her. Round-leaved cornel or dogwoodﬂ
Low rich soils. Frequent. i |

O. stolonifera Michx. Red-osier dogwood. Common along
the streams.

C. paniculata 1'Her. Panicled cornel. Frequent in thickets
along the streams.

C. alternifolia L. Rather common on the hillsides.
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CAPRIFOLIACEA.

Sambucus canadensis L. Black-berried elder. Common in
open, rich land. |

S.racemosa L. Red-berried elder. This rare shrub is found
in a deep ravine, near Pine spring, east of Colesburg. Occurs
rarely in the state.

Viburnum opulus L. Cranberry tree. High cranberry bush.
Only found along streams in the northern part of the county.

V. dentatum L. Arrow-wood. On low ground. Frequent.

V. lentago L. - Sheep-berry. Along the streams. Rather
rare. .‘

Lonicera sullivantiv Gray. Honeysuckle. Frequent on
rocky bluffs. -

L. glauca Hill. In the northern part of the county on rocky
hillsides. Rare.

OLEACEA.

" Froxinus americane L. White ash. Common.
F. viridis Miehx. Green or black ash. Common.

THYMELZACEZ.
Dirca palustris L. Leatherwood. Infrequent.
URTICACEZ.

 Ulmus fulva Michx. Slippery or red elm. Abundant in
upland woods.

U. amertcana 1.  American or white elm. Common in moist,
rich soils. '

U. racemosa Thomas. Cork orrock elm. This valuable tree
is common in the northeastern portion of the county.

Celtis occidentalis L. Hackberry. Frequent along the
streams.

Morus rubra L. Mulberry. Oune tree noted south of Hop-
kinton. Others have been reported as occurring along the

Maquoketa river bottom.
16 G Rep.
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PLATANACEZA.

Platanus occidentalis L. Sycamore. In the south part of
the county a few small trees occur along the river. It is
reported that trees six feet' in diameter were cut in an early
day in that vieinity.

JUGLANDACEZ.

Juglans cinerea L. Butternut. Common.
J. negra L. Black walnut. Very common.

Carya alba Nutt. Shell-bark hickory. Common in upland
woods.

C. amara Nutt. Bitternut; Pignut.” Common:
CUPULIFERAE.

Betula papyrifera Marshall.” Paper or canoe birch. Fre-
quent on the rocky hillsides in the northeastern part of the
county.

B. nigra L. River or red birch. Confined to the west-
ern and southern parts of the county along the streams.

Corylus americana Walt. Hazelnut. Common.

Ostrya virginica Willd. Iron wood. Common on moist
hillsides.

Carpinus caroliniana Walt. Blue or water beech. Very
common along the streams.

Quercus alba L.  White oak. Common

Q. macrocarpa Michx. Bur oak. Abundant.

Q. muhlenbergii Engelm. Occurs in Union township, south:

of Hopkinton, and in the northern part of the county along
rocky hillsides. s

@. rubra L. Red oak. Common.
Q- coccinga Wang. Scarlet oak. .Common on all soils.
Q. coccinea Wang. var. tinctorie Gray. Occurs with the last.

SALICACEAZA.

Saliz nigra Marsh. Black willow. Banks of streams,
bending over the water. "

)}
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8. descolor Muhl.  Pussy willow. Frequent along streams.
S. humilis Marsh. Prairie willow. On dry uplands. Not
common.

8. tristis Ait. Dwarf gray willow. Borders of thickets on
dry hillsides.

Populus tremuloides Michx. American aspen. Frequent
on low soils. '

P. grandidentata Michx. Large-toothed aspen. Frequently
occurs where other timber has been removed.

P. monilifera Ait. Cottonwood. Common on rich soils, in
low places on the prairie and along streams. Not infrequently
planted. .

MONOCOTYLEDONES.

LILIACEZA,

Smilax hispide Muhl. Greenbrier. In rich woods. Ire-
quent.

GYMNOSPERM A.
CONIFERZ.

Pinus strobus L. 'White pine. Ounly in the northern part of
the county. Mostly on rocky ridges—the ‘‘ Backbone.”’

Juniperus communts L. Common juniper. On dry hillsides.
Usually taken for a young red cedar.

J. virginiana L. Red cedar. Common along the hills and
bluffs in the northern part-of the county.

Tazus canadensis Willd. American yew. Ground hemlock.

A low, straggling evergreen, on rocky bluffs, in the northern
part of the county. '
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