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INTRODUCTION

Hallberg and Hoyer (1982} reviewed and compiled periinesnt geologic and
hydroiogic Information, as well as existing nitrate data, for the vears 1877-
80 in 22 northeast Iows countiss, In northeast lowa, Ioczl residents and
oublic officials had often voiced congern for the gquality of their public and
private underground water suppliss. In this region many of the imporiant
water-bearing units, or aguifers, are shallow Timestone formations which often
are revealed at the land surface by the occurrence of sinkholes. Over the
years, many cases oFf contaminated water have been documented in these areas
and well drillers have described increased difficuity in completing wells
without high levels of nitrate in water. Hallberg and Hoyer's research con-
cluded that systematic degradation of water quality existed in northeast lowa.
Water quality systematically fmproved, in general, with Increased well depth
and in areas with natural geologic protection, such as would be afforded by
shale or thick glacial til11 deposits. Areas where sinkholes were present,
often calied karst areas, were found generally to have The highest nitrate
tevels; areas without sinkholes but with relatively thin protective cover had
simiiar, but somewhat Tower levels of nitrate; areas of thicker drift revealed
Tittle nitrate in the bedrock aguifers below. This work concluded that the
source of most nitrate was normal infiltration processes, not runoff inte
sinkholes. Table 1 presents the systematic variation in median nitrate values
from three natural geclogic settings, by well denth classes, for the northeast
Towa regional study area. HNatural! background levels of nitrate were deter-
mined to be essentially zero {less than the routine 5 mg/? detection Timit).
Combining backgreund Tevels of nitrate with the systematic distribution of
glevated nitrate levels, it was concluded that groundwater nitrate contamina-
tion is related to surface sources and recent activities of man.

Research in the Big Spring basin began in the fall of 1981. Hallberg et
at. {1883) concentrated on understanding the mechanisms of nitrate and pesti-
cide contamination, the distribution (both in time and space} and concentra-—
tion of contaminants, and the relationships of water quality to agricultural
practices. Landuse and appropriate geologic and hydrologic systems were
mapped in detail. HMonitoring of wells, springs, £ile Tines and streams began
in 1981 and has continued up fo the present. Systematic nitrate contamina~
tien in unprotected portions of the aguifer was found in the basin as pre-
dicted frowm the sariier study. However, either intermittent or continucus
nerbicide contamination, at very low concentrations, was found in thess same
unprotected aguifer areas. Two conclusions have made the research at Big
Spring, perhaps, the most well known evaluation of nonpoint ageicultural
effects on groundwater.

First, nitrate increases were directly Vinked to increases in commercial
fertilizer use., Intermittent water analvses at Big Spring, dating back *o
1951, suggest a tripling of nitrate concentrations since the lats 1860°s,
Nitrate concentraticns rose from the range of 10-15 mg/? to 30-45 mg/l. This
pericd of time corresponded to a 2.5 times increase in chemical fertilizer
nitrogen applisd in the basin. In another report Hallberg et al, {(1584a) de-
seribe similar rates of nitrate concentration increases between 1876 and 1983
from unprotected carbonate aguifers in northeast Iowa. Recent agronomic re-
search supports the ides that leaching of nitrogen (N) fertilizers may account
for the nitrate levels found today in unprotected carbonate aguifers. Studies
by Blackmer {1984} using isotopically labeled nitrogen (358} fertilizers in
1982 and 13983 revealed that a mean of only 7% of the appliad N was used by
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Table 1. Summary of median nitrate values (in mg/1) from UHL analyses from
the 22 county northeast Iowa study area for 1977«1980. (From
Haliberg and Hoyer, 1982.)

Gestogic Setting

Well Depth

{feot) Karst Shallow Bedrock Deep Bedrock

348 28 i 33

5099 34 12 ]
100-149 23 18 <5
150-154 it & <5
200-249 <5 <5 <h
250~294 <5 <5 <5
300-459 <5 <5 <5

»500 <5 <5 <5
Hnknown {22y (7) {<5)
Median (Ho. of 19 (1104} 9 (2719) B {2217)

Samples)

the corn during the year of application; another 0.7% was used the following
crop year. Surface applied !SH-Tabeled urea was found to convert to nitrate
and generally Teach greater than 25 <m during the period 2 to & weeks after
appiication. Recovery of 1N was 100%, 73%, and 42% after 2, 4, and § weeks,
respectively, and Blackmer concludes that the losses are primarily from
nitrate leaching to depths below the root zane. His work indicates that a
significant portion of the nitrogen Fertilizer lTowa Farmers apply for corn
production may be lost to groundwater by infiltration through the soil bafore
corp plants have an opportunity to take up this nitrogen. Thus, wmintmizing
these T1o0sses could decrease the poliution potential of nitrogen fertilizers
without decreasing the profitability of ¢rop production.

Second, Big Spring ressarch showaed that pesticides could be delivered Lo
groundwater through normal infiitration recharge mechanisms (Hallberg et al.,
1983, 1984b), Subsequent studies have shown this to be widespread and
aguifers which are not confined are highly susceptible to Tow levels of pesti-
cide contamination {Libra et al., 1984; Kelley, 1985; Kellay and Wnuk, 1986
Kelley et al., 1986)., Recently, a compiiation of pesticide analyses in Iowa
reveals that 33% of the wells tested had one or more detectable pesticide
residues (Hallberg et al., 19861,

Rig Spring research has become widely recognized in the past few ysars as
Congress, the tEavironmental Protection Agency and people throughout lowa hawe
begun to recognize the importance of groundwater and the potential threats £
ity quality. Agriculture’s affects on groundwater have been Tittle known, and
generally thought to be insignificant, A number of field tours have been
presented at 2ig Spring for officials and researchers with environmental or
agricuitural interests. These Lrips have often been thelr Tirst exposure to
geciogy and hydrology. This Geslogical Society of fowa trip will aliow the
genlogical community fto become more Familiar with the research efforts con-
ductad on the Galena aguifer in the Big Spring ares over the past five years
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Futher, it will provide a glimpse of what is currently going on and will con~
tinue for the next six years through a program called the Big Spring Demon-
stration Project.

HEALTH CONCERNS

The leaching and delivery of nitrate and pesticides into groundwater-
drinking water supplies s a public health concern. The concern is generated
becausa Iowan's depend on groundwater supplies and the pergsistence of these
constituents over ever increasing areas creates the potential for widespread
BXPOSHIE.

Often the potential impacts of nitrates are downpiayed; the princisle ex-
pressed concern i3 the potential for methemogiobinemia in infants. In general,
the current drinking~water standard {45 mg/7) is thought to be a conservative
and safe standard. Methemoglobinemia, although rare, does occur. Recent
epidemiciogical researcnh, however, alsc suggesis that nitrates in drinking
water {perhaps at even lower concentrations) may contribute to problems such
a3 hypiertension, gastric cancers, and birith defects.

The concentrations of pesticides currently Tound in groundwater are Tow.
The concentrations are far below toxic Tevels and even generaily below Jevels
considersd harmful for longer-term chronic effects for the individual
compounds for which pertinent data exists. Thers are, however, reasonable
concerns for long-term health impacts of the euposure to pesticides through
drinking water in relation to other environmental factors, especially the co~
existence of numerous pesticides and possibly their metabolites, and their
general occurrence in combination with nitrates.



THE TRIP

STOP 1: Roadcuts in Salena Group north of Elkader, Hwys. 13 and 128

An understanding of the stratigraphy, Vithology, and physical character-
istics of Ordovician carbonates in northeast lowa oravides a framswork for
eyaluating the physical container of hydrologic systems Tike those in the Big
Spring basin. The bedrock surface in the area of the Big Spring basin en-
compasses Middle and Upper Ordovician carbonates and shales of the Galena Group
and Maguoketa Formation (Fig. 1}. The Galena Group includes, in ascending
order, the Decorah, Dunieith, Wise Lake, and Dubugue formations. The Galena
Group carbonates, primariiy the upper Dunleith, Wise Lake, and Bubugue forma-
tions, form steep valley walls in the Turkey River drainage in the Tield trip
araa. 1ne lowest unit in the Maguoketas Formation, the Elgin Member., is
dominated by Timestone and dolomitic Vimestone, and may be in hydrologic con-
tinuity with the underiying Galens Aguifer. This unit 15 Tess resistant than
the Galena Group rocks and tends %o form more gentle slopes. Even  lesse
resistant Magquoketa shales underly more gently stoping surfaces in the upland
areas, which are in turn capped, in the highest regions, by resistant Silurian
dolomites.

The carbonates of the Galena Group underge a major diagenetic feacies
change within the Clayten County outcrop belt. Galena Group carbonates are
parvasively dolomitized in the southern sections, but the saguence encompasses
progressively more limestone and delomitic limestone to the north. Apparentiy,
because limestone is more soluble than dolomite, more sinkholes and other karst
features are devaioped in regions where the Galena Group 1s dominated
by limestons than in the dolomite terrains, Original depositional fabrics are
more faithfully preserved in the limestone facies than in the severely alterad
doelomite facies to the scuth.

We will sxamine a series of reoadcuts {SE sec. 12, TY38, RSM) zlong High~
ways 13 and 218 about 3 milas north of our morning rendezvous point (Fig. 2.
These cuts display Timestone strata of the upper Galena Group, encomassing
parts of the Wise Lake and Dubugue formations. The 11lustrated sequence (Fig.
3} i3 derived from Delgade {1983}, who Ted an SEPHM field itrip to these ex-
posures in October, 1983. Roadeut A begins on the north side of Hwy., 128 near
the junction with Hwy. 13. Roadcuts B, €, and D procesd to the southwest along
the east side of Hwy. 13, The exposed interval is non-cherty {uniike the
upderlying Dunleith Fm.) and Timestone dominated, although dolomitic limes tones
are concentrated Tocally in burrow structures. The Wise Lake Formation is
generally free of notable argillacecus impurities, although shales and argdi-
laceous partings appear in the upper part. By contrast, the Dubugue Formation
18 characterized by conspizuous thin shales and shaly partings, reflecting an
influx of terrigencus clastics Trom Transcontinental Arch or Taconic sources
during Dubuque deposition. The Hiddie-Upper Urdovician boundary is drawn near
the base of the Wise Lake Formation.

As you examine the upper Galena Group in the roadcut exposures, try €O
identify some of the following features. 1) A series of nine or more closely~
spaced hardgrounds characterize the upper Sinsinawa Member. 2} Thin bads or
Tenses of skelelal grainstone {(S5CB ~ "sparey calcarenite bands®™ of Levorson
and Gerk, 1983}, some geoyraphically widespread and stratigrephicalily sig-
nificant, can be seen 1z the Wise Lake and Dubugue formations. These
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Figure Z, Tﬁﬁ&éraphic map showing location of Stop 1 exposures, {From USGS
Elkader, St. Olaf, and Farmersburg 7.5 minute quads.) 2.5 inches
gquals approximately 1 mile.

apparently represent storm deposits, 3} Molluscan fossils are especialiy
prominent in parts of the Wise Lake, primarily gastropods {including large
Kaelurites) and some nautiloids. 4) The "Upper Hesspiaouliies lone® 1is
present in the lower Stewartville Member, and is character{zed by an abundance
af distinctive calcarsous green algae {(now assigned to FPlsheriteszi. 5) The
Dubuque~Hise Lake contact {s drawn at the base of the lTowest shale bed that
has widespread geographic continuity (the "marker bed® of Levorson and Gerk,
18833, 6} Observe the upward increase of cripoidal debris within the Dubuque
Formation, as well as the prominent shaly partings. 7} Thin shales in the
"Luana beds”™ of the Dubuque yield daimaneliid {Paucierura) and inarticulate
{Peandolingula) brachicpods.
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ST0P 2: Roberts Cresk Ouarry

One characteristic aspoct of corbonsbe rosky Toopled neer the tend dure
face iy the development of secondary sorosily theouuh dasalotion by mateast
water, Rainwaber pagzing throuch the atmpsphere and upper parts 67 Ehe {
profile reacts with carbon diozi:

reaches the rock the weslkly s
and portions of the rock sre disessocistad and dissalved.

In most carbonate rocks there i3 relatively 1ittis intergranular porosity
compared Lo, Tor example, dandstonss. For this resson wmost water movement in
carboenates foliows vortical fractures or Joists, and horizontal badding
planes, A% waler moves theough these openings, it dissolves some of the cone
fining rock, thus snlarging the opening and allowing greater flow., Thig di-
verts Tlow from smaller adjiacent opsnings and concentrates flow in the larger
conduits causing them fo increase in diameter.

The averail dirsction of groundwaster flow in carbonate rock is down head
in response to hydrostatic pressure as it s in a hydroiogically more iso=
tropic rosk such as sandstone, In carbonates, however, fiow is concentrated
along zones of high hydraulic conductivity; the water readily moves along the
enlargsd fractures and bedding planes. Thus, solutional conduit and cavern
development occur along those fracture trends which best facilitate down-head
movement {Bounk, 1983a, 1983h).

These principles are displayed in the Roberts Creek Quarry {SW 174, NM
1/4, sec. 14, T94N, RBMW; Fig. 4). This guarry is developed in the lower
nortion of the Dubuque Formation {Frankville Beds) and upper portisns of the
Wise Lake Fm. {(Stewartville Member) of the GBalena Group. The "Upper
Receptaculites Ione™ of Levorson and Gerk {13983) is evident four to six feet
above the quarry floor. Lithologic properties of the rocks here are very
similar to those viewed at Steop 1. Dolomitized burrows are very evident on
frash and slightly weathered faces, Five prominent joint trends are devaloped
in the rocks in this quarry (N&2°E; NBOSE; N23°W; N4W; AND E-W). These are
srominent trends throughout the B8ig Spring area. Several of the quarry walls
are developed aiong thase trends. These walls show abundart sciutional pit-
ting, widening and reddening as a result of downward movement of surface-
derived water along them. The Joint faces are significantiy enlarged at some
Jolnt intersections in the lower and widdle parts of the quarry walls. These
appear to widen downward and may be the top of dome pits entering 2 large cone
duit network at a Jower stratigraphic level. Solubional widening of these
rocks in also evident along horizontal bedding planes. In this case, water
moving horizontally along these zones has dissolived some of the rock. Addi-
tiona! widening 1s usually noted at the intersection of the joints and hedding
planes,

Uther karst features have been chserved in this gquarry. Occasionally,
there are cracks in the quarry fioor which open into small caverns, These
features are dry and have been observed extending approximately six feeil below
the quarry floor.

Sinkholes, usualiy filled with reddish brown loamy and clavey sadiment,
have also been observed high on the quarry walis. These ars present where
solutionally-antarged Joints intersect the top of the badrock surface. Close
egxamination of the materials filling these sinkholes shows that they contain
occasional erratics. HMaterials filling the sinkholes are very similtar in
appearance to "Late-Sangamon® Paleosols which developed Yong after the last
Pre-~111inotan ¢laciation of northeastern lowa. 1t seems likely that the karst

g
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Figure 4, Topographic map showing the location of Stop 2. {(From USGS St. O%af
7.5 minute gquad.,) 2.5 iaches equals approximately 1 wiie.
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£411 i3 "Late-Sancamon® Pale ﬁﬁ%%wﬁ“?§¥$ﬁ material which has stumped and washed
into the sinkhole, I¥ thizs iy the ”&%ﬁ ?%ﬁxﬁ sinkbaies are younger than Pre-
IMTlinoian in age Halll &wg &siéwé

Further %??4?%ﬁﬁ for the age ﬁ?
of flowstone associated with the Rars
a&ammdaat% onty &?gﬁf satutional s

*‘?3%%@% by Uwgeries dating
: The Ylowstone can
ty &ﬁé therefore Flow-

stone dates provide minlwum ages Yor & ¥ are gzsociated
with, ?ﬁawﬁgﬁ%@ ealiocted From the e Freing watl of Hoberts Creek
Quarry yielded 2 Uranium-Thoriug #0 yw@f‘ e, Lively, Hine

nesata %éﬁ?ﬁ?ﬁ@ﬁﬁ Survey, §@§%ﬂﬁ@v i%ﬁ%% jeatisn}, This flowstone was
ancumylating during the sarly olddle Helocens,

The Galens group rockes are huried by ten Yo bwenty Veet of UQuatarnary
deposits at the Roberts fresk Ouarry., The bulk of this thickness is made up
of Wisconszinan-age Peoria Loess, In addition, patches of & ange continuous
Pre-11Tinoian~age glacial $111 cover are occasionally exposed during the
guarrying operation. These unlithified Quaternary materials readily transmil
sotl water to the karstified bedrock surface where 10 travels dows
sgiutionaliy-enlarged joints into the Galena aquifer.
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STOP 3: Big Spring and the Big Spring Hatchery

Big Spring (Fig. B} was purchased by the lowa Conservation Commission in
1961 to provide water Tor a trout rearing faciiity. Annually, about 220,000
ratnbow trout and 40,000 brown trout are raised for stocking in northeast lowa
streams. The spring issues from the Dunleith Formation of the Galena Group and
srovides a reliable source of water to the hatchery.

The U.5, Geeological Survey established the means to gage the discharge of
the spring in the fall of 1981. Using manual techniques, the spring has been
gaged daily by staff at the hatchery. During periods of rapid change, record-
ings may occur at heourly intervals. For water-years 1982-1985, the spring has
averaged a discharge of 47 cubic feet per second {cfs) {21,150 galions per
minute) {gpm). A maximum flow of 360 cfs (162,000 gpm) was achieved on 19
March 1986; 2 minimum flow of 21 ¢fs (9,450 gpm) was recorded on 24 August
1985,

Hormally the water is clean and cosl {48°F)--gxceilant for fish rearing.
Buring periods of normal base Tlow, sediment concentrations may be about 10
mg/i, but during runoff from a series of storms which occurred between June Z7
and July 3, 1983 sediment concentrations of 4000 mg/71 were recorded., This de-
Tivered 96 tons of sediment per hour to the hatchery., Such episodes can guicke
Ty create a3 Tife threatening situation for the trout in the raceways and a
major cieanup problem for hatchery staff. Turbidity is the major water quality
problem for the operation of the hatchery. Other water guality problems which
affect the trout incliude ammonia, especially during the spring snow-melt
season, and perhaps nitrate., The worst water quality problem ever recorded wasg
a severe condition of chemical oxygen demand which killed the entire hatchery
fish population in December 1963, Creamery wasies were dumped into a sirsam
which entered a sinkhole near Luana, abou? 314 miles north of the hatchery. The
sink was comnacted to Big Soring.

Determination of the subsurface drainage in a2 karst area can be treacher-
cus because surface and subsurface drainge basins may be unconnected in karst
areas. Heitmann (1980) used dve-tracing to connect sinkholes hydroiogically
with Big Spring. Hallberg, et al. {1983} combined Hettmann's work with water
tevel measuremanis and additional dye-tracing {1984b) t¢ establish the ground-
water basin. Figure 6 interprets groundwater flow from water table/potentin-
metric surface isomeiric maps of the Galena aguifer. Two major northesouth
flow paths drain the eastern and ceptral portions of the basin and connect the
major areas of sinkholes to Big Spring. Water tables are depressed along these
trends by as much as 150 feet. Hydraulic cenductivity is very high along these
Joint controlled trends., Heitmann (1980) recorded flows as high as 579 meters/
hour (0.2 m/s) and Hallberg et al,, {(1984b) recorded similar winimum flow
valocities as high as 10.9 miles/day (0.2 m/s). Such conductivity, potentio-
metric gradients and drainage network clearly represent a major conduit or cave
system developed in the central and sastern basin. The conduits bring water
beneath Roberts Creek and directly to the Turkey River via Big Spring.

The bedrock geology of the basin s interpreted in Figure 7. The Galena
forms bedrock in the vicinity of Silver Creek, Howard Creek, and Roberts Creex
from near 1ts junction with 5ilver Creek. The Tower portion of the Magquoketa
Formation (Elgin, Clermont, Ft. Atkinson members) form bedrock over the major-
ity of the basin (58%). In the western portion, the upper Maquoketa {(Brainard
Shaie), or the 5{lurian above it on the diyvide, form bedrock. Fifigen to
thirty feet of JQuaternary deposits commonly overly bedrock in the region.

Sinkholes arz formed where ithe Balena 15 either bedrock, or more commonly,

iz



Figure 5. Topographic map showing the location of Stop 3. (From USGS 5t. Olaf
7.5 winute quad.) 2.5 inches equals approximatsly 1 miie.

where the Elgin above it is rather thin, and the water table/potentiometric
surface is depressed because of the high hydraulic conductivity along the conw-
dutts. Over 250 sinkholes have been counted in the basin., They drain 11.5
square wmiles of the watershed {11%} and most are associated with the two major
conduits developed in the Galens. Since study began in 1981 several new sink~
holes have formed and been documented. Most watersheds draining to sinks re-
main dry, except during episodes of very wet conditions. Only one watershed
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provides naarly perennial flow to a sinkhole. 1t 15 ths largest, and it
probably occurs where the Elgin begins to thicken and fmpede infiltration re-
charge to the Galena.

One-time monitoring for nitrate of 132 walls devaloped in the Galena
gguifer in the basin in November 1981 is revealed in Figurse 8. This monitoring
revealed significant nitrate contamination: 30 wells {(23%) contained nitrate
tevals above the public health standard of 45 mg/1. However, contamination was
not uniform, and as Hallberg and Hoyer {1982) found earlier, gsology controlied
the distribution. Figure 9 generaiizes the nitrate contamination found in the
basin during that monitoring. Nitrafe was not elevated in the region where the
Brainard Shale acts as an aguitard and confines the aguifer below. ¥here fthe
Elgin Member is present, or the Galena tself is bedrock, contamination i3
widespread. Limited sampling for pesticides in 1982 revealed that atrazine, =
commonly used corn herbicide was 3iso widely present in the areas where
elevated nitrate concentrations were found. However, beneath the Brainard,
atrazine was not found in the Galena.

Repetitive sampling of a selected network of sixteen wells, and the mass
sampling of 132 wells, revealed that through time the nitrate concentrations at
Big Spring were representative of conditions throughout the Galena agquifer,

Big Spring water was simply an integration of water flowing out of each portion
of the aquifer. This is important because Big Spring sampling can be used fo
evaluate contributions everywhere in the basin. Such sampling is far more
efficient in terms of datas coliection time and analytical costs. For this
reason, water guatity sampling since 1981 has been concentrated at Big Spring,
aithough a few other locations, including the Turkey Rivar, Roberts and Siilver
Creeks, a few selected tiie lines, and three wells, have received considerable
sampling frequency throughout the five years of research so that comparisons
can be made, Beiween November, 1941, and April 15, 1986, 620 nitrate analyses
and 254 pasticide analyses have been made from water obtained at Big Spring.

Nitrate has been recorded as high as 75 mg/1 {4 July 1983) and as low as 9
mg/1 (22 February 1985): pesticides have been recorded as high as 20.3 ug/1 (30
April 1984 and on five occasions pesticides were found to be balow analytical
Timits of detection. Table 2 summarizes monitoring data.

Six herbicides and cne insacticide have been identified from Big Spring
waters, Atrazine is easily the most common herbicide found. It has been
present throughout most of the wontioring period. Since May, 18982 4% has been
absent only once--on 7 January 1986 following a long recession., It has been
detected in 98% of the samples coliectad. OUyfonate, the Tone insecticide, 1is
rare, occuring in only 2% of the samples analyzed from Big Spring. Table 3
itdentifies the pesticides and the maximum concentrations that have occurred for
sach compound by vear. Note that the congentrations have generally increasad
through four years--an increase that cannot be explained by sampling design or
rainfall and runoff characteristics. Sampling fraguency decreased in water
years 1884 and 1985, yet maximum concentrations increased. Similarly, refering
back to Table 2, note that discharge decreased in water years 1984 and 1985,
yet, the flow-weighted mean Tor atrazine increased and maximum concentrations
of each pesticide except for atrazine wenl up. The data suggests that pesti-
cide concentrations are increasing, but a longer record s necessary to assess
any hydrologic system.

Hydrograph separation analysis has played a key role in all interprata-
tions at Big Spring. Through time, Big Spring undergees considerable fluctua-
tion in discharge as well as physical and chemical properties. The evaluation.
of these physical and chemical proparties together with discharge data allow
< interpretations to be made aboul recharge mechanisms. The contribution of
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Figure 8. Histogram of nitrate concentration from analyses of water samples
from Galena aquifer wells and springs, November-December, 1981,
{From Hallberg et al., 1983,)

sinkiboles to rechargieg the Galena can be determined, as well as the chemicals
or sedimant which enter the agquifer through them. Similarly, the fotal role of
infiltration to recharge, both water and chemical loading, can be evaluated
through time. ‘

Water which flows into sinkholes moves rapidly through conduits to dis-
charge at Big Spring. Such water shows on & hydrograph as a very rapid change
in discharge. Hater entering the aquifer from infiltration, affects discharge
modestty and slowly. Figure 10 {dealizes such changes and compares them,
Hydrograph analytical btechnigues allow the separation of the scurces of re-
charge. Water guailiy analyses conducted on sampies coliected to represent
gach recharge mechanism, reveal the chemical contribution of sach mechanism,

Table 4 summarizes the mechanisms and their relative contribution to the
Galena aguifer in the Big Spring basin. Several major conclusions can be drawn
from the hydrograph ssparation analysis. Fipst, seven in & karst region, such
as the Big Spring zres, most aquifer recharge results from normal infiltration.
About 90% of the racharge of Big Spring results from infiltration through the
sofl: only 10% resuits from surface flow into sinkholes. Second, nitrate which
is a very soluble chemical, enters the aguifer through the soil during normal
infiltration recharge. MNinety-five percent of the nitrate is delivered to Blg
Spring with normal infiltration water. Thus, any aguifer that receives sig-
nificant recent recharge could develop nitrate problems, Third, the msjority
of at least one herbicide, atrazine, i3 delivered to the Galena aguifer through
normal infiltration recharge. Although surface waters sniaring sinkholes de-
© Tiver the highest concentrations of astrazine, and wmay deliver wmuch of the other
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i8



Table 2. Summary of annual monitoring data from Big Spring. (Modified from
Hallberg et al., 1983; Haliberg et al., 1984a,b; Haliberg, 198%.)

Water Year

1982 1983 ignd 1685

Mean Discharge (cfs} 51.4 56,9 44,9 35.0
Total Discharge {inchasg) 6.8 7.5 5,4 a,6
Flow-weighted Mean

N0a Concentration

{mg/1} 3% 45 a3 3
Flow-weighted Mean

Atrazine concentration

{pg/i} 3.2 0.3 0.5 0.7

Tabla 3, HMaximum pesticide concentratrions and percent pesticide detections
from Big Spring discharges, Clayton County, Iowa in northeastern Iowa
studies, 1981-1985 (Modified from Hallberg, 1385 and Kelley et al.,

19883,
Percent
Netactions
Common from all
Hame Active Typical Maximum Concentration samples
Ingredient Trade Name _ ug/1 {ppb) (percent)
B8ig Spring Basin
Harbicides WY=-82 HY-B3 WY-34 WY.B5
atrazine Bitrex, Atrazine 2.5 5.1 10,0 6.1 48
alachlor Lagso 0.2 3.8 4.0 5.0 20
cyanazine Bladax 0.7 1.7 1.7 4.6 22
metolachlor Dugl e 0.5 £.5 4.8 7
metribuzin Sencor/Lexone s - o 3.6 <]
2, 4-D 2,40 HA KA HA 0.2 <1
Insecticides
fonofos Dyfonate e 8.1 0.3 G.4 2
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Figure 10, Schematic hydrographs showing the difference betwesn conduit-flow
{sinkhole recharge) and diffuse-flow (infiltration recharge) dis-
charge from & carbonate aguifer over time in responsse 16 3 re-
charge event at time To,

sasticides at Big Soring, substantial amounts of atrazine, and possibly other
herbicides can be delivered via normal infiltration. Statewide sampling has
confirmed that some pesticides get into groundwater throegh normal in-
filtration. Nire of the eleven most commonly used herbicides in Iowa have been
found in groundwalers where recharge occcurs only via normal infiltration
{Kelley et al., 1986},

Howaver, runoff into sinkholes has been shown to produce special water
guality problems including: high concentrations of sediment, higher
concentrations of pesticides, high concentrations of ammonia, rapid temperaturs
fluctuations at certain times of the vear, intermiftent bacterial contamination
and the potential for femporary contamination from spills or improper disposal
of materials, such a&s occurred in 1963 when creamery wastes were disposed of
improperly and a Tish ki1l resulted.

The Big Spring groundwater basin encompasses an area of 103.24 souare
miles, It is Intensely utilized for agriculture and contains Clayton County's
finest cropland. Eighty percent of the soils are developed in Toegs parent
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Table 4. Recharge mechanisms to the &Galena aguifer in the Big Spring basin,
(Modified from Haliberg et al., 1983: Hallberg et 3l,, 1984h; un-
ublished data).

1982 1ans 1984
Infiltra- fnfiltras Infiitra-
Conduit tion Londuit bion Conduls tion

Kater Total

Discharge 3,360 24,080 4,502 35,873 2,080 30,5685

{Acre-Taet) 9% 31% 114 5oy 8% 948%
Nitrate Nitrogen 52,000 821,000 7,000 1,083,000 36,000 804,000

{(1bs.) 6% 944, By 254 4% GEE
Atrazine 2.3 11.9 14,5 1.7 i3.2 26,8

{1bs.} 162 a4y A7% 3% 33% &74

material and only 13% of the area containg hillslopes graded steeper than 14
parcent, Ningty-sne percent of the Jand area 1s cropped: 53% is planted to
corny 9% is strip cropped; 27% is in a rotation of alfalfa, cats, or pasture.
Only 8% of the land ares 13 Torested; 3% is classified as roads, towns, or
guarries. Thus, in a typical year 60% of the land is planted to corn and
about 30% i3 in a cover crop rotation {Hallberg et al,, 1983),

Dairy cow populations, hogs and cattle populations are high for northeast
fowa and Vivestock popuiations have shown increases of about 30 percent over
the past 1% years, Row crop oroduction has also increased in the past 15
years, up 40 percent, Much of this increase has occurred over more marginal
501 1g--5011s with Tess water holding capabilities becauss they are developed
whare Vimestone or shaley limestone occurs within the solum. However, nitro-
gen fertiifzation rates have increased about 80% over 211 the corn acreage,
both old and new {Hallberg et al, 1983). Currently corn is fertilized in the
basin at an average rate of 240 Ibs/acre including 70 1bs. mapure, 20 1bs.
alfaifa, and 150 lbs, commercial fertilizer {Padgett, 1988},

The combination of natural nitrogen sources {rainfall, soil organic mat-
ter, decaying plant matter, manure) plus the added nitrogen sources of the
past 15 vears {(more manure and especially more commercial fertilizer) have
apparently lead to a rapid rise in pitrate levels. Currently, fertilizer N
accounts for 56% of the available N in the Big Spring basin, manure and soil N
account for 25%, rainfall accounts for 10%, and rotated crops account for 9%
{Hallberg, 1986). Figure 11 relates changing nitrogen sources with nitrate
jncrease in Big Spring waters. The apparent linear incresse in nitrate con-
centration with increased fertilization i3 supplemented by agronomic Field
stud%ea where tile lines are monitored (Gast et al., 197%; Kanwar et al.,
1983%,

Monitoring of Big Spring and surface streams leaving the basin allows
astimates of nitrate-nitrogen Tosses 1o be estimated, For the water years
1982, 1923, and 1984 nitrogen losses, as nitrate only, were equivalent to the
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Figure 11, Estimated tons of fertilizer N and manursz-N spplied in the Big
Sgring Basin and average NO3 concentration {dashed line, right axis
for iaaie) in groundwater at Big Spring {from Hallberg et al.,
19831,

range of 33% Lo 56% of all the fertilizer nitrogen applied. Such iosses
rapresent a major economic impact on the farming cowmunity as well as a major
environmental Tmpact on the state's groundwater. 1T is such results that have
recently influenced lowa agencies to try and develop both economically and
anvironmentally sound practices For agriculture through programs such as the
Big Spring Demonstration Project which will be discussed at Stop & on this
Lripa



ST0P 4: Dry Hollow Swaliow

]

Disappearing streams or “swallow holes”™ are common occurrances in the
highly karstified areas of northeastern Iowa. Along with sinkholes and open
fractures at the landsurface, they orovide avenues for the direct input of
surface water into the groundwater. These landsurface openings are the
srimary Tocus for the input of sediment and sediment-aitached chemicals into
the groundwater,

Several karst features are evident at this stop (Fig. 12)., Immediately
gast of the road on the north side of Dry Hollow s a reactivated sinkhole,
During the 18505 and 19605 this sinkhole was used as a garbage dump. Today
the Fil11 is zollapsing into the sinkhole and the debris is being introduced
into the groundwater system. This i¢ not an ¥solated incident, sinkholes have
been a Tavorite location for the disposal of domestic and farm waste for a
Tong time. Recent public education programs couplied «ith rural waste col-
lection areas are significantly reducing this sspest of groundwater contamina-
tion.

The portion of Dry Hollow we will visit flows across the Dubuque Forma=
tion and the upper portion of the Wise Lake Formation {Stewartville Member) of
the Gatena Group, The stream pattern is contrellaed by Jjoints in the rock,
Solutionally entarged joint faces and bedding planes, as well as abundant vugs
and larger karst conduits are evident along the valley walis., Portians of the
stream course we will walk along have a U~shaped crossecticn and the adiacent
exposad rock is very weathered. 1t s possible that portions of the sirsam
course are occupying a collapsed karst conduit. Other streams ond valleys in
the area display similar features.

Usually Dry Hollow's stream doesn’t fiow the full lenghkh of the vallev.
The location of an often~active swallow is shown on the accompanving Lopoe
graphic map., At that Tocation the stream veers to the easi and drops into an
apening in the easters valley wall. Spelunkers have explored the opening and
report that it drops betwean ten and fifteen feet nearly vertically and then
sumps {is water Tilled; M. Bounk, personal communication),

Dye tracings by the Towa Conservalion Commission in the 1970s 1n nzarby
sinkholes indicate that Dry Hollow and other karst southeast of Farmersburyg
areg connectad to the conduit network which issues at the 5t. Claf Spring along
Roberts Creek about 1.2 wites southwest of the Dry Hollow swallow. Buring dry
periods, Ory Hollow's stream doen't flow as far as the swallow. During these
intervals the stream gradually sinks inte its bed, which is connected to the
karst-conduit system through solutionally enlarged joints and bedding planss.
This phenomena of surface water Toss through the bed is very common throughout
the Big Spring basin where stream levels are above the potentiometric surface
of the Galena aguifer.
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STOP 5: Sass Area

Sinkholas are the most prevalent surficial expression of Karst develop-
ment 1n northeastern lowa. Figure 13 presents o summary of a sinkhole survey
of northeastern Iowe undertaken in 188D, It 18 evident from the figure that
sinkholes are not randomly distributed throughout the reglon. Karst features
are concentrated in the outcrop belt of the Galena Greup and Devonian carbon-
ates in Dubuque, Clayton, Allamakee, Fayetie and Winnggniek Counties, and
along the outcrop belt of Devonian carbonates in Mitchell and Floyd Counties,
Ancther area of regional sinkhole concentration is along the Silurian Escarpe
ment in Clayton and Dubuque Counties.

Sinkholes also exibit a nonerandom distribubtion on & Tocal scale.
Examination of Figure 14 reveals that within the Big Spring basin there ars
arzas of sinkhole concentration and other areas where sinkholes are pare or
absent. Sinkholes are concentrated where the Elgin Member of the Maquokets
Formation is relatively thin or absent over the Salena Group rocks. On the
west side of the Big Spring basin sinkholes are not present. The Brainard
Shale of the Maguoketa Fm. 15 present above the Elgin Member in this ares, and
forms an aguiclude which greatly retards the development of solutional karst
in this area,

Step 5 is located in one of the areas of sinkhole concentration in the
gast~central part of the Big Spring basin (Fig. 15). 0Other karst features,
such as sinking streams and blind valleys are present in this area. Figurs &
shows the distribution of surface basins draining to sinknoles in the Big
Soring basin as of 1983, Several other surface basing not shown on the map
now drain to sinkholes in the area. A blind valley {a small vallay ending
abruptly at a joint face approximately peppendicular to the valley trend) is
present on the east side of the road at this stop. Hest of the road several
sinkhole Tocations are evident as roughly circular clumps of trees in the
southeasterly-trending drainageway passing through the Ed Sass Farm. All the
fiow from this intermitient stream enters one of tha large sinkholes northwest
of the barn. This swallow has bean active for at least zeveral decades {Ed
Sass, peronsal communication). In 1982 severzl small sinkholes were present
in the drainageway down valley of the large sinkholes, These were fillad with
rock and Quaternary materials using a bulldozer in 1983 or 1984, Two of the
filled sinkholes just west of the road and south of the tane into the Sass
Farm have reopened. It is interesting to note that the road at this location
was relscated over a filled sinkhole in 1985,

Quaternary deposits {thin Pre-IT1tinoian til11 and Peoria Loess) which bury
the bhedrock surface are generally less than 20 feet thick in this area. An
exposure in & road cut on the west side of the gravel road about 0,5 miles
south of Stop 5A {5B on Figure 15) shows z typical sequence of deposits io
this area. At this location threse fo six feet of Peoria Loess bury a Farmdaie
Paleosol developed on older Wisconsinan ioess {Roxana sgquivalent) which, in
turn, burfes a “Late-Sangamon” Paleosol developed on Elgin Hember carbonates.
A stona Vine, which contalins occasional erratics, rests on top of the "Late-
Sangamon® Paleoscol. The stone line is a lag deposit which originated during
cutting of an extensive upland erosion surface prior to deposition of the Wise
consinan loesses,

Several feet of Elgin Member carbonates are present hers, A thin
phosphatic zone containing a depauperate fauna is pressnt at the base of 1he
Elgin Member {a this outcrop, The top of the Dubugue Formation of the Galena
Group 13 sxposed at the bass of the cut.
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Figure 15, Topographic map showing the Tocation of Stop o {(From USGS Monona
7.5 minute gquad.) 2.5 inches equals approximately 1 mile.

IR
o



STCP 6:; Big Spring Basin Demonsiralion Project: Bugenhagen Basin

The Big Soring Basin Demonstration Project is a cooperative, interagency
program designed to demonstrate and document sconomically viable techniques to
protect groundwater from the non-point source contaminaticn of agricultural
chemicais. The project addresses the question: How can current farming
practices be changed to protect groundwater quality while maintaining profit-
abiiity? The seven-year program which began in 1986 is being conducted in a
103 square mile basin in northwest Clayton County because previocus research and
the area’s geology provide & unique opportunity To measure and assess ground-
water guaiity in relation fo agricuiture. The bhasin functions as a large,
natural, cutdoor laboratory. Throuchout the project agricultural activities
and groundwater guality will be monitored within the basin. The Big Soring
Fish Hatchery, where most of the basin's groundwater discharges from the
aquifer, will receive special monitoring attention. Such control will provide
assurance that conclusions drawn about the movement of agricultural chemicals
into groundwater are applicable to protect groundwater throughout lowa.
Groundwater protection is expectad to occur as more efficient ag-chemical
management is documented and farm managers voluntarily smploy alternative
management practices in their farming operations. Agency participants believe
the adoption of better chemical management practices should result in more
efficient, economical crop production as well as groundwater protection.
Successful ag-chemical management research, combined with specisal educational
programs, form the core of the Demonstration Project. Experimental farm plots
will be developed to decument management practices and to demonstrate their
potential to area farm managers. Drawing upon research results, education
programs will assist farm managers to smpioy efficient fertilizer and pesticide
management techniques within their farming systems. These programs will be
combined with special assistance in the areas of soil conservation, and nutrient
and pesticide management. The project also includes economic analyses of
management practices, a caraful evaluation of surface-and groundwater quality,
and an evaluation of how effeciive educational programs can be to implement a
pon-point source groundwater-protection strategy. The entire project s
projected to cost 6.8 million dollars.

The project includes the active cooperation and participation of the fol-
Towing agencies: Agricultural Experiment Station {ISU), Clayton County Soil
Conservancy District, Ccoperative Extension Service {ISU), Department of Agrone
omy (iSU), Institute of Agriculiural Hedicine (i} of 1}, University Hygienic
Laboratory (U of I}, Iowa Department of Natural Resocurces, lowa Department of
Agriculture and Land Stewardship, MNortheast lowa Conservancy District, U, 5.
Agricultural Stabilization and Conservation Service, U, S. Environmental Pro-
tection Agency, U.S. Geological Survey, and U.5. Soil Consarvation Service.

One of the cornerstones of the project is the sub-basin implementation
project being conducted in the "Bugenhagen Basin.® The watershed was selected
to act as a focal point for the documentation of "best management practices” and
their effacts on groundwalter. This portion of the overall preoject was designed
to help researchers evaluate practical farm-owner 2xperience with practices and
allow agencies some experience integrating soil conservation technigues with
hetter fertilizer and pesticide management, Further, it acts as a focal point
for educational activities such as fisld tours and as a center from which tech-
nigues can diffuse, farmer to farmer, intp the larger Big Soring basin.

' "Bugenhagan Basin® is 1.7 square wiles in size and drains entirely to a
seriaes of sinkholes (Fig. 16). Since 1981, 1t has been the site of routine water
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Figure 16. Topographic map showing the Tocation of Stop 6. {(From USGS Menona
7.5 minute guad.) 2.5 inches equals approximately 1 mile.



gquality monitoring of tile lines, surface water, and groundwater. It s the
only watershed in the Big Spring Basin which drains entirely to a sinkhole and
generaliy maintains surface flow. Most watersheds fliowing to sinkheles rarely
exhibit surface fTlows, and thus become almest useless for monitering. The
combination of size (the Jargest) and location {probably having the thickest
Maguoketa cover) make it suitable for water guality monitoring because water
can be collected! Larger streams, Silver Creek and Roberts Creek, have been
reported to disappear into sinks or their stream beds, but normally they flow
past the major conduit zones upon their silty stream-bed deposits.

A special cost-share program was offered in the watershed. This was
funded by the Division of Seil Conservation (Ia. Dept. of Ag. and Land Stewarde
ship), U.5. Agricultural Stabilization and Conservation Service, and the U.S.
Sl Lonservation District and administered through the Clayton County Soil
Conservation District. To meet project objectives in a timely manner, farmers
recieved higher cost share rates, special cost share programs for some
practices not usually & part of soil conservation programs, such 2s for pasture
management, and the assurance of rapid Tarm plan development. Farmers also
reciavad special consultation from ISU Agricultural Extension Service staff on
fertilization, manure handling techniques, weed and insect control, and
aconmics.  In return, farmers were required to use specified rates of fertili-
zation, wtilize integrated pest management technigues, keep soil erosion rates
below b tons per acre, and provide production records to researchers. They
wera prohibited from applying nitrogen in the f211 and from spreading manurs on
frozen ground. Further, they were expected to allow researchers and visitors
to use their land as a laboratory and ciassroom,

Landowner response has been enthusiastic and very cooperative. In the
first year, ninety percent of the basin is covered by special long term agree-
ments {7 years} which include soil conservation and nutrient and pesticide
management plans, Most of the soil conservation practices will be in place be-
fore the end of the second year. Further, first year crop yields are expected
ta be exceilent in spite of signficant reductions in fertilizer application
rates.

Honitoring equipment has been installied to assist in the documentation of
water quality within the basin (Fig. 17). Although fragmentary discharge
records have been collected by hand since 1981, a continuousiy recording gaging
station was constructed by the U.5. Geological Survey in May, 1986, Special
flumes were conducted during July and August, 1888, by ISU Agricultural Experis-
ment Station engineers, These will be used to record tile flows from selectad
areas and surface runoff from the upper half of the area. They serve as
posftive signals that the Big Spring Basin Demonstration Project is moving ghead
daspite only partial funding through the cooperation of the participating
groups. Such Tlow records, combined with sampling, are the basis for evaluating
the best managament practices. Brief records and limited analytical resylis
have not been interpreted as of this date.
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