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EDITORIAL

First Words from the Latest
State Geologist

George E. W. Love, State Geologist
Pennsylvania Geological Survey

As Stuart Reese, the bureau’ s supervisor of the Groundwater and Environmental Geology Section,
points out, Pennsylvaniais fortunate to have an abundance of water, sometimes! In thisissue of
Pennsylvania Geology, he discusses the hydrologic cycle—what it is, how it “ operates,” and what we as
individuals can do to impact that cycle in apositive way. Stuart’ s thoughtful explanation occurs at atime
when Pennsylvanians are concerned about the use of water resources by the Marcellus drillers, and
about the flooding due to recent heavy and extended rainfall. To be sure, we should not underestimate
the value of this resource, or the power it wields in shaping our lives, our landscape, and our long-term
well-being.

Coupled with this article is Duane Braun’s description of Pennsylvania s glacial history and a new
glacial map resource. What an interesting twist on water and its impacts on the landscape, albeit from a
dightly different perspective! The features we see along the northern tier of our commonwealth, those
that have resulted from episodic, and sometimes apocalyptic, incursions of water (asice), help to remind
us of the ever-changing nature of our world.

In athird article, John Barnes brings us news of the instrumental additions to our laboratory.
Geology, which some people feel isa*“done deal” once the maps are made, is constantly changing as
more facts are revealed. Our thoughts change as careful analyses show new bits of data that allow new,
better, or perhaps just more interesting interpretations. It never ceases to amaze me that we can glean
millions of years of geologic history from the fission tracks, chemical components, or daughter products
contained within asingle crystal!

| hope you will enjoy these articles and learn something from the authors to share with your friends
and family. The Pennsylvania Geological Survey isaresource for all Pennsylvanians and anyone
anywhere who enjoys the opportunity to learn.

Finally, | must say something of a personal nature. Thisis my first editorial as the Pennsylvania
State Geologist. Frankly, the task is daunting, not that the subject is hard, not that words are difficult to
come by, but because the shoes are hard to fill. | have been fortunate in my career to have met three
Pennsylvania State Geol ogists and have been even more fortunate to know personally the two most
recent holders of this position. Additionally, it has been a privilege to have worked for and with Dr. Jay
Parrish, my predecessor, my mentor, and most sincerely, my friend.

e Sl
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Rethinking the Hydrologic Cycle

Stuart O. Reese
Pennsylvania Geological Survey

Ridethe Cycle

Water, in one form or another, is al around us. Every living thing ultimately depends on water. The
“hydrologic cycle” (or water cycle) isthe term for the continuous movement of water from one place
and phase to another. Examples of water-cycle processes are shown in Figure 1.
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Figure 1. Thewater cycle (U.S. Geological Survey, 2011).

“When it Rains...”

With its many intricate paths and parts, the water cycle is very complex. Hydrologists like to
simplify matters by accounting for water in a budget. And like afinancial budget, a water budget starts
with income (precipitation). From there it takes the following multiple paths:

e evaporation sends water back into the air;

e precipitation coats the land’ s surface, where thirsty plantsintercept it and then transpire some of
it back into the atmosphere;

o runoff water is collected in trickling seeps and rivulets and sent to streams, rivers, lakes, and
oceans,
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o water infiltrates the surface to become groundwater, which flows much more slowly and
typicaly heads for nearby streams (discharge points);

e in Pennsylvania, precipitation gets hung up asice in the winter months;
water is captured by reservoirs, water wells, and intake points on streams and rivers for energy,
industrial, agricultural, and drinking-water uses.

Nature' sincometypically is deposited at a variable rate. We get sporadic
rains, then spring floods. Pounding summer thunderstorms splash water across
the land. Then there are scorching days where rainstorms bubble up and
dissipate in the afternoon sun. Snow events (big and little) come and go. The old
slogan “When it rains, it pours,” originally referred to Morton salt (Morton Salt,
2010) and its marketed capacity to pour even in high humidity, but it has also
come to mean that you occasionally get more of something than you need, or \ \
you get something when you really don’t want it. Such are the vagaries of \\
precipitation.

Rain Gage

In an increasingly water-conscious society, we monitor parts of the hydrologic cycle to measure
how much water we have at a given time, and to predict its movement from one phase to another. There
are numerous ways to monitor hydrologic conditions. We measure rainfall and snowfall amounts, snow
pack, streamflow and stream levels, humidity, dew point, soil moisture, the water table elevation,
withdrawal rates and amounts, and reservoir levels. Water may be constantly in motion, but the
exchanges don’t occur at a steady rate. At times, some processes of the cycle accelerate while others
slow or cometo a stop. Water may be caught up in deep groundwater flow for thousands of years, or
rainfall may evaporate before it reaches the ground (a phenomenon called virga). Other processes, like
storms, quickly shift from one place to another. Specific events can be remarkable, often difficult to
measure, and seemingly unpredictable.

Sometimes the water cycle appears broken, and it gets our attention. For example, it’'s easy to notice
when it doesn’t rain for a couple of weeks in the summer. The grass turns brown. The forest floor gets
crisp and tinder-ready. Stream and river levelsdrop. Isit adrought?

Cycle Down

In Pennsylvania, the Department of Environmental Protection (DEP) declares drought conditions on
behalf of the governor and does much of the evaluation associated with a drought determination. The
Pennsylvanl a Emergency Management Agency (PEMA) is responsible for managing water resourcesin

gy 5 : adrought. A Drought Task Force, chaired by DEP and made up of
representatives from state government and other relevant agencies that
are directly affected by water shortages, works closely with DEP and
PEMA in the event of a drought. These agencies consider numerous
parameters like precipitation, streamflow amounts, groundwater levels,
reservoir volumes, and soil conditions before making their drought-level
recommendation.

There are three levels of drought: watch, warning, and emergency. The level depends on the
indicators mentioned above and the degree of the situation. For example, the condition where streams
are at only 5 to 10 percent of their average flows would indicate awarning level (Pennsylvania
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Department of Environmental Protection, 2010). A drought emergency is the most severe situation, and
specific water uses can be prohibited.

M easurements of water cycle processes used in drought
management can be seen online. For example, the USGS provides a
graphical view of streamflow amounts at WaterWatch
(waterwatch.usgs.gov). One click on Pennsylvania brings up a map
showing the percentile classes of streamflow for the 182 gages in the
state. Y ou can see tables that show the distribution of streams
according to the percentile in which the streamflow occurs. For
example, 97 percent of the 180 gages active on December 7, 2010, in
Pennsylvania had streamflow rates that were greater than 25 percent of
average flow. Another similar tool by the USGS provides data on
groundwater levels (groundwaterwatch.usgs.gov). On January 21,
2011, it showed 69 real-time data points across the state.

The Climate Prediction Center of the National Weather Service
provides weekly hydrologic assessments for the entire country. The
products presented at their web site (www.cpc.ncep.noaa.gov/products/
expert_assessment/drought_assessment.shtml), are based on numerous partners and data providers like
the USGS, U.S. Department of Agriculture, and the National Oceanic and Atmospheric Administration.
The National Weather Service also shows precipitation departure maps (www.erh.noaa.gov/marfc/

M aps/precip.shtml).

Recognizing the onset of drought requires vigilance. For example, the year 2009 started on the dry
side for most of the state, with the exception of northwestern Pennsylvania. March, the most important
month for groundwater recharge in Pennsylvania (Reese and Risser, 2010), continued to be dry. By the
end of April, precipitation amounts were almost 2 to 6 inches below the annual 30-year precipitation
mean. But, thankfully, “average” rains returned in the spring. The deficit was erased without significant
flooding or amajor Atlantic hurricane, and the year ended with near-average precipitation statewide
(southeastern Pennsylvaniawas actually 4 to 5 inches above normal, whereas southwestern Penn-
sylvaniawas 2 to 3 inches below normal).

In 2010, adry spell from June through September prompted drought watches and warnings
statewide. Then, awetter October eased the worry about a drought. The warnings were lifted statewide,
but a drought watch remained for the western third of Pennsylvania. The storm of November 30 through
December 1 brought a soaking rain to most of the state. On December 17, DEP lifted the watch for the
rest of the state (www.portal.state.pa.us/portal/server.pt/community/drought _information). Areas far
south of Pennsylvaniaremained dry, especialy along the Gulf Coast and west through Texas, where a
severe drought persisted into the summer of 2011. In Pennsylvania, awet March in 2011 soaked most of
the state (see front cover), though parts of western Pennsylvania from Clearfield County to Venango and
Butler Counties had below average streamflows in early April 2011. However, by the end of the month,
both Williamsport and Harrisburg had set monthly precipitation records of 10.04 and 9.46 inches,
respectively.

After the rains come, we quickly forget water shortages. Aslong as water flows from the tap, there
isatendency to be complacent and ignore the possibility of a sudden onset of drought conditions. In
addition, increased water use also may be imperceptible to most Pennsylvanians. Unfortunately, we
cannot supply any more water to the hydrologic cycle. The key liesin usage. Pennsylvaniais a water-
rich state, yet at times, demand for water can locally exceed supply, which causes problems. For
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example, it is being recognized that some level of water withdrawal for human use can hurt a water-
shed’ sinstream flora and fauna. The withdrawal amount that affects a stream’ s biota is the subject of
much study.

There are areas of the state where the water resources are getting pinched by heavy consumption
and, perhaps, by thoughtless use. In 2002, the Pennsylvania Water Resources Planning Act was passed,;
this act required an update to the State Water Plan (Pennsylvania Department of Environmental
Protection, 2011) for better understanding and management of Pennsylvania s water resources. During
the process established through the State Water Plan, regional committees recently identified about 20
watersheds to be considered as possible “ critical water planning areas.” For these areas and others, will
demand exceed supply? And what happens when a drought hits?

Unfortunately, we may be at the mercy of demand for more and more water and the unpredictability
(beyond afew days or so) of precipitation. As population and use of our natural resources increase, we
must plan the usage of our water resources not only to conserve but to sustain.

Saveit for a Sunny Day

How can we save water? One obvious answer is conservation.
Conserving water has many positive benefits. Typically, one saves money
by using less water. For homeowners with their own well, there may be
less wear on awater-well pump or areduced need for water-treatment
chemicals. For those with awater bill, lower use equals lower bills. For
communities that manage large water systems, it could mean lower fees
(well, theoretically!). Real water conservation keeps the water cycle
healthier and sustains critical water users.

Through the State Water Plan, Pennsylvania hasinitiated a new effort
to conserve water called “ Save Water PA.” Its mission is to promote voluntary efforts for water
conservation while providing technical tools to help reduce water use in the state. This new strategy isa
multi-pronged effort that considers various water users such as businesses, homeowners, farmers,
utilities, and governments (Www.savewaterpa.org).

Stewardship of natural resourcesis agoal most people agree on. An awareness of the need to
conserve water will help to foster better ideas on how to manage water and to promote sustainability.
Many agencies, such asriver basin commissions, have already begun to operate with conservation
principlesin effect and with an eye on the erratic cycle. Like the income of a salesperson, disparity in
precipitation amounts should be anticipated. We don’t know in advance that seven lean years will follow
seven years of abundance, but we can take advantage of high flows in anticipation of droughts.

Scott Bair, a Professor in the School of Earth Sciences at Ohio State University, prescribes
“cheating the hydrologic cycle” as away to strive for sustainability (Bair, 2008). In essence, his
prescription is to create purposeful interconnections in the cycle to meet future demands. He proposes
techniques like “induced infiltration” from streams or creating artificial recharge zones to withdraw and
store water for future use. So, in the hydrologic cycle, he would increase the infiltration and recharge,
while decreasing the proportion of runoff and evaporation-transpiration. He is rethinking the hydrologic
cycle.

When you look at the hydrologic cycle and monitor the percentages that are represented, you see
that there are times when the supply is high. Heavy rains come, rivers and streams run bank-full, and
water rushes downstream while riverside communities brace for flooding. This is the moment when
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water “takings’ have little impact on stream life and use. In addition, timely takings and storage enhance
our ability to sustain water withdrawals.

This philosophy is being used by the Susquehanna River Basin Commission to
diminish impacts of water takings from streams and rivers. For stream withdrawals,
the commission uses a “passhby” flow requirement. If water levels are too low, the user
cannot pull water from the stream. This procedure encourages the user to withdraw
water when it is plentiful, much like a homeowner who uses arain barrel to collect
excess rainwater off the roof for later use. When it rains, it stores.

Another important consideration is land use. When we pave over land, we also
short-circuit part of the hydrologic cycle by sending water to runoff that might have
otherwise infiltrated to the subsurface. In the long run, isit possible that putting
devel opments on natural recharge areas like the linear ridges of Pennsylvania could be
harmful ?

An understanding of the water cycle and its interrelated parts allows for recognition of opportunities
to conserve water. Rethinking the water cycle can be away to improve the management of our most
precious resource—water.
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The New 1:100,000-Scale Map of
Pennsylvania Glacial Features

Duane Braun, Professor Emeritus
Bloomsburg University, Bloomsburg, PA

In recent years, Elsevier has published a series entitled Developments in Quaternary Science. A
three-volume set in the series, Quaternary Glaciations—Extent and Chronology, edited by Juergen
Ehlers and Phillip Gibbard, was published in 2004 and provided a global map of glaciation with printed
text and 1:1,000,000-scale digital mapsin ArcView format on CDs. North Americawas covered in
Part 2, and | was responsible for the Pennsylvania portion of the map (Braun, 2004). The information in
the volumes was assembled from 1995 to 1999,
however, and with the rate of new information
being produced, it was soon apparent that it
was time for an updated global glaciation map
(publication planned for August 2011) (Fig-
ure 1). The amount of information available
had also increased, so a scale of 1:100,000 was
chosen for the updated map. In December
2009, | drafted my interpretation of the glacial
features on the eighteen 1:100,000-scal e sheets
(nine complete and nine partial) that cover the
portion of Pennsylvaniathat was glaciated.
These are not glacial deposit maps, though
prominent moraines, kames, and eskers are
shown, but rather they emphasize glacial
features such as different ages of glacial
borders or limits, proglacial lake outlines, and
outlet sluiceways. The editors of the volume
are converting my hand-drawn sheets into
Figure 1. Duane Braun gave a talk about his work on the ArcGIS digital files, which will be- included as
soon-to-be-published global glaciation map at a Brown Bag part of the global map. The. map will be
Seminar in the Middletown office of the Pennsylvania produced as a set of DVDs in the back of a
Geological Survey on May 7, 2010. single 1,000-page text volume.

There are four different ages of glaciation
shown on the new Pennsylvania glaciation map (Braun, in press), labeled by internationally recognized
Marine | sotope Stage (M1S) or Oxygen | sotope Stage numbers rather than the traditional North Ameri-
can glacial stage names such as the Wisconsinan. The current MIS record on the Global Chronostrati-
graphical Correlation Table for the Last 2.7 Million Years (Gibbard and Cohen, 2009) indicates four
pre-Wisconsinan cold events equal to or greater than the late Wisconsinan during the last million years.
Thus, there may still be one more not-yet-recognized pre-Wisconsinan glacia event that advanced
beyond the late Wisconsinan terminus. The oldest glacia advance now recognized in Pennsylvaniais
early Pleistocene, MIS 22 (880 ka) or older in age. Glacial lake sediments of that advance have a
reversed magnetic polarity (Jacobson and others, 1988; Gardner and others, 1994; Sasowsky, 1994,
Marine, 1997; Ramage and others, 1998) and are thus more than 788 ka old. It is probable that the next
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younger glacial advance is middle Pleistocene MIS 16(?) (630 ka) age. Glacial lake sediments of that
advance have anormal magnetic polarity (Sasowsky, 1994) and thus are younger than 788 ka. The next
younger glacial event isthe MIS 6 (150 ka) (lllinoian) or 12 (420 ka) advance (labeled on the maps as
6-127). This glacial advance has traditionally been thought to be MIS 6 or late lllinoian in age (Leverett,
1934; Sevon and others, 1975; Marchand, 1978; Berg and others 1980; Braun, 1988). However, the
relatively great amount of weathering and erosion of deposits from this advance in northeastern
Pennsylvania means that it is doubtful that just 150,000 years have elapsed since the material was
deposited (Braun, 1999, 2008). Thus, it has been suggested that what was thought to beaMIS 6 event is
actually aMIS 12 event (Braun, 2004, 2008). A M1S-12-aged advance would permit about another
300,000 years to weather and erode the deposits. Finally, the most recent glacial event isthe 25-ka-aged
(calibrated calendar years) (Ridge, 2003) MIS 2 or late Wisconsinan advance.

In northeastern Pennsylvania, the moderate relief (300 to 500 meters) on sandstone bedrock
produced a dominance of erosion over deposition in each glacial advance (Braun, 1989, 1994, 2006).
Each advance left thick glacial and proglacial depositsin the valleys, while adjacent ridge crests are
essentially bare bedrock. Portions of the preglacial stream drainage were to the east or northeast, and
glacial advance blocked that drainage to form Glacial Lakes Lesley (Williams, 1902) and Packer
(Williams, 1894) (Figure 2) at the early Pleistocene glacial limit. Other proglacial lakes were impounded
along that limit, along younger limits (Fuller and Alden, 1903; Braun, 1988), and north of the late
Pleistocene limit as ice receded from Pennsylvania (Coates, 1966; Braun, 1989, 2002; Gardner and
others, 1993; Braun and Kochanov, 1996). Part of the drainage was diverted to form the “ Grand Canyon
of Pennsylvania,” a 425-meter-deep bedrock gorge (Fuller and Alden, 1903; Crowl, 1981). In the future,
much of the northeast-trending drainage will be turned southward if other glaciations deepen existing
glacial meltwater sluiceways.

I
75°22'30”

Figure 2. Map showing patches of pseudo-moraines and proglacial lakes along the MIS 22+ glacial terminusin the
Allentown area (base map from the south-central part of the U.S. Geological Survey Allentown 1:100,000-scale metric

topographic map).
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For northeastern Pennsylvania, a number of features not shown on previous maps will be shown on
the new glacial map. A few examples of these features are illustrated in Figures 2 through 8. In the
Allentown area are patches of what was once thought to be true glacial moraine (Leverett, 1934) but
what are now considered to be “pseudo-moraine,” old M1S-22+-aged glacial deposits “ captured” by
limestone dissolution (Figure 2). The morainelike topography is glacial material draped over karst with
smaller scale periglacial features on the flanks of the sinkhole depressions (Braun and K ochanov, 1996;
Braun, 1999, 2004, 2008).

On the Pocono Plateau, there are eskers that cross most of the plateau and end at the MIS 2 termi-
nus (Figure 3). Much of the northern part of the Pocono Plateau was occupied by the five stages of
Glacia Lake Wallenpaupack, each stage draining out successively lower outlets in different directions
(Figure 4).
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Figure 3. Map showing eskers (black tick-marked lines) crossing the Pocono Plateau (from the south-central part of the U.S.
Geological Survey Scranton 1:100,000-scale metric topographic map).
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Figure 4. Map showing the five different water-level stages of Glacial Lake Wallenpaupack (from the northeastern part
of the U.S. Geological Survey Scranton 1:100,000-scale metric topographic map). The first two lake stages drained
southeast to the Delaware River; the third stage drained southwest to the Susquehanna River; and the fourth and fifth
stages drained east to the Delaware River.

In north-central Pennsylvania, the entire north-draining Cowanesque, Tioga, and Pine drainages
were impounded in a series of large proglacial lakes, the largest of which was Glacial Lake Mansfield
(Figure 5). This lake was so deep that only the hilltops around Mansfield stuck out asislandsin the lake.
Additionally, glacial-lake clays may be found high on the hillslopes and cause hillslope failure if
disturbed by human excavation activities. Other large proglacial lakesin north-central Pennsylvania
occupied the Allegheny drainage headwaters during MIS 22+, 16(?), and 6-12 advances as is shown by
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clay in borehole records (Lohman, 1939). In northwestern Pennsylvania those same glacial advances
terminated just north of the present site of the Kinzua dam and impounded a proglacial |ake in the north-
draining Allegheny valley. Downwarp of the land surface near those early glaciations lead the Kinzua
site to be the meltwater outlet that was incised to divert the Allegheny River southward (Figure 6).

'.'I\_:‘:-‘ht — g/ £
Mapte it

77°07°30” 77°00°

Figure 5. Map showing the broad extent and depth of Glacial Lake Mansfield (from the east-central part of the U.S.
Geological Survey Wellsboro 1:100,000-scale metric topographic map). The blue numbers are the floor elevations of the
duiceways and lake levelsin meters.
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Throughout northwestern Pennsylvania, the relatively low relief (100 to 300 meters), shaly bedrock,
and abundant debris from the Great L akes basins resulted in a dominance of deposition over erosion in
each glacial advance. Therefore, the new glacial map will show extensive areas of glacial moraine and
kame deposits, primarily as mapped by Shepps and others (1959), but with revised recessional ice
margin positions extended southwesterly from New Y ork (“2r lines’ on Figure 7).

78°52°30”

Figure 6. Map showing the closely spaced glacial limitsin the Kinzua col area east of Warren, Pa. (from the northwest
corner of the U.S. Geological Survey Bradford 1: 100,000-scale metric topographic map and the northeast corner of the
Warren 1:100,000-scale metric topographic map). The blue numbers are the floor elevations of the sluiceways and lake
levelsin meters, red number 2is MIS2, and K indicates kame or ice-contact stratified drift sand and gravel deposits.
There is a gap between the two maps in order to show all of the handwritten notations.
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Figure 7. Map showing the recessional ice margins (in part, actual moraines) bracketing the present Pymatuning
Reservoir (from the south-central part of the U.S. Geological Survey Ashtabula 1:100,000-scale metric topographic
map). Theice margin on the north side of the reservoir is considered to be the southwest extension of the Findley Lake
margin, while the ice margin on the south side of the reservoir is considered to be the southwest extension of the Clymer.
Both margins wer e defined in westernmost New York by Muller (1977) and extended by him just into northwestern

Pennsylvania. Thered lines and numbers (2r) are MIS2 recessional ice positions, and K indicates kame or ice-contact
stratified drift sand and gravel deposits.
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The preglacial stream drainage in western Pennsylvania was to the northwest and was blocked and
diverted to the southwest by each of the glaciations to form an ice marginal drainage system, the present
Allegheny-Ohio River system (Carll, 1880; Leverett, 1902, 1934; Kaktins and Delano, 1999). The early
Pleistocene and probably early-middle Pleistocene glaciations impounded large proglacial lakes,
especially Glacial Lake Monogahela (Figure 8), whose deposits are widespread in valleys in south-
western Pennsylvania and northern West Virginia (White, 1896; Campbell, 1903; Leverett, 1902, 1934;
Lessig, 1963; Jacobson and others, 1988). The maximal extent of the oldest glacial advance (MIS 22+)
is now thought to have been south of the Beaver-East Liverpool reach of the Ohio River (Figure 8).

40°
3730 |
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40°30*

I e
80°37°30” 80°22'30”

Figure 8. Map showing the proposed position of the MIS 22+ glacial terminus south of the Beaver-East Liverpool reach
of the Ohio River (from the south-central part of the U.S. Geological Survey East Liverpool 1:100,000-scale metric
topographic map). The MIS 22+ terminus was placed there to hold in the initial 1,100-foot Glacial Lake Monongahela.
The blue numbers are the floor elevations of the sluiceways and lake levelsin meters.

This maximal extent would have permitted cutting of meltwater sluiceways both at the head of the
Monongahela drainage in West Virginia (White, 1896) and near New Martinsville in West Virginia that
isafew feet to tens of feet lower. Initial recession of the MIS 22+ glacier would have then opened up
the Beaver-East Liverpool reach and initiated the cutting of the sluiceway at Midland, Pa. The newly cut
sluiceway would have formed a slightly lower, longer lived Glacia Lake Monongahela draining across
both the Midland and New Martinsville cols. Those cols would have been deepened by the MIS 16(?)
glaciation, possibly to near their present level, and they would have been fully cut by the MIS 6-12
glaciation (Leverett, 1902, 1934).
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The new 1:100,000-scal e Pennsylvania glacial features map shows the limits of four glacial
advances rather than three as on the previous map by Sevon and Braun (1997). In northeastern
Pennsylvania, features shown are pseudo-moraine areas of MIS 22+ age, lengthy eskers of MIS 2 age,
and a number of large proglacia lakes. In north-central Pennsylvania, much of the area was covered by
proglacial lakes of MIS 22+ to MIS 2 age. In northwestern Pennsylvania, extensive areas of sand and
gravel kames and till moraine are shown along with revised limits to the various glacial advances. In
addition, in northwestern Pennsylvania a number of very extensive proglacial lakes led to the formation
of the ice margina Allegheny-Ohio River alignment.
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