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Topic: The Big Blue Ball Was
Not Always Blue!

® Introduction to Basic Geology of
Pennsylvania

m Groundwater

m Water Cycle

m Climate Change Topics
m How the Earth Ends Up?

Keystone Clean Water Team — Education
Outreach — Topic Watersheds/ Geology
IKIEY ST ONIE June 2019

Clean Water Team




PACleanwater.org
Keystone Clean Water Team KEYSTONIE

Clean Water Team

Private Well Owner Education
Source Water Protection Issues
Alternative, Renewable, and Homegrown Energy Issues
Training Young Adults and Children about Energy and
The Environment
Citizen Groundwater and Surface Water Database
Natural Gas and Baseline Water Testing — Training Professionals
- @ ™

Fennsylvania

Shuelyy




Presented by:

Mr. Brian Oram, Professional Geologist (PG),
Soil Scientist, Licensed Well Driller

B.F. Environmental Consultants Inc.
http://www.bfenvironmental.com

And
Water Research Center- Free Information

on Water Quality

http://www.water-research.net



http://www.bfenvironmental.com/

m Professional Consulting Services in the areas of
water quality, soils, stormwater, geology, aquifer
analysis, and land-development.

m Baseline — Chain-of-Custody
m Expert Testimony
m Water Treatment Process/ Product Development

m http://www.bfenvironmental.com

. *‘*'\”- Located in NortheasternPennsylvania

i



http://www.bfenvironmental.com/

WATER

Water-Research Center

Education and Outreach Program funded by
B.F. Environmental Consultants Inc.

Outreach Programs

m  Environmental and Professional Education and Training for Citizens
and Local Municipalities

m  Water Quality Help Guides — Information Library
m  Community and Business Outreach Programs

m Low Cost — Informational Water Testing Program with National
Laboratory

m Citizen Monitoring Programs

Websites:
http://www.water-research.net
http://www.pacleanwater.org




Presentation Sponsors

B.F. Environmental Consultants Inc ‘ n :

http://www.bfenvironmental.com

ENVIRONMENTAL CONSULTANTS, INC

Keystone Clean Water Team
http://www.pacleanwater.org

KEVSTONIE

Water Research Center Clean Water Team
http://www.water-research.net

WATER

Test Assured _ RESEARCH
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http://www.bfenvironmental.com/
http://www.pacleanwater.org/
http://www.water-research.net/

Geology 1s? From the Greek - ge ("earth")
and, -logia, ("study of* or "discourse")

m a science that deals with the history of the earth and its life especially
as recorded in rocks

m a study of the solid matter of a celestial body (such as the moon)
m Source: merriam-webster.com
0

m the science that deals with the dynamics and physical history of the
earth, the rocks of which it 1s composed, and the physical, chemical,
and biological changes that the earth has undergone or is undergoing.

m  Source: www.dictionary.com

Where to Start?



The Big Blue Ball Was Not
Always Blue!

m The age of the Earth 1s 4.54 £ 0.05 billion years
(Calculated Estimate based on a Galaxy Age of
11 to 13 billion years).

m Created from the remnants of 274 — 3™ generations
stars and 2"+ generation planets.

® Moon was formed by the collision of Earth with a
Mars-sized protoplanet and help form the core our
planet and our current tilt the Earth.

m Earth has plate tectonics — Moon does not.
m Source: USGS



Early Earth — Gaia (1 billion years)

m Hadean Eon — 4.5 to 4 billion years (ha- dé-on)

Earth was hell! Earth covered in molten lava. Earth was hit by asteroids,
comets and foreign objects left, right and center.

m Archean Eon 4.0 to 2.5 billon years (ar- ke-on)

Earth started to cool down/ Single cell life. Water vapor condensed to
form oceans. The Earth cooled down enough to create continents. No free
Oxygen — “Green Planet”. Oxygen rising - First Global Glaciation — 2.8
to 2.9 billion years ago.

m Proterozoic Eon 2.5 billion to 540 million years (pra-to-ro- zo-1k)

Near the end about 2.45 billion years, Great Oxygenation Event, Free
oxygen trigger greenhouse gases 1ssues — More Glaciation - The Snowball
to Shush Earth and eukaryotes and multicellular organisms appeared on
Earth and ozone layer became stable.



Oxygen Made a Big Change

-
B Oxidative J,i"'
= Phosphorylation /
S 10 - . /
= Rapid accumulation of O,
3 (Fe' in pceans used up‘.?:* o
= -

Billion years BCE
Photosynthesis B
I 15t vertebrates
15t water splitting cells
Bacteria Photosynthesis 15t multicellular
1st living cells releases O, plants & animals

Aerobic respiration widespread dj'



North Pole

More Oxygen 18,000 yrs ago



Plate Tectonics:
“The Plates are Moving

29
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Recycling on a mass scale.
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Point a Few Things Out (last slide)

m Part of Pennsylvania Under Water.

m Part of Pennsylvania Very Mountainous
® Notice Where the Equator 1s Located.

m The plates are moving !

m The nature of the Earth 1s not fixed, 1t
changes, through a process associated with
plate tectonics, recycling the planet.



DEVONIAN DEPOSITIONAL ENVIRONMENTS

Crganlc-rich Submaring

black shale ramp

furbidites

Shallow
ouber shelf
sandstong,

siltstone,
and shale

Inner shelf,
delta-front,
and littoral
sandstona,
giltatona,
and shals

GContinental,
fluvial-daltaic,
and
marginal-
marina
clastics

Dominantly  Undiffencntimbed

fluwial lithologies
clastics

fdodified from
Laughrey, 2009




Geological Sequence — Northeast PA

Not present (eroded and
weathered)

(coal)
( minor coal)

Marcellus Formation
(Black Shale)- Target







Earth Temperature / CO2

Geological Timescale: Concentration of CO; and Temperature fluctuations
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Wyoming County was glaciated and it 1s located within

are within the Appalachian Plateau
Source: DCNR - http://www.dcnr.state.pa.us/topogeo/map13/map13.aspx




Appalachian Plateau Province

Younger

(Y)

® Broad to Narrow
Valleys

m Rounded Hills and
Valleys Associated
with Glaciation

m Valleys filled by
glacial fluvial
material

Older
)

Unconsolidated
Material (Un)




Ridge and Valley Province

m Bedrockhasbeen 0 — Y—0 — Y-—0O
folded into a
series of anticline
and synclinal
structures.

Syncline Anticline



Edge Ridge and Valley Province — Rt
309- Dll_as__ PA




Primary Aquifers in PA

SAMND-AND GRAVEL
(unconsoiicated)

SANDSTOME
(consolidated)

SHALE
leansolidated)

LIMESTONE
(consolidated)

Waler table

CRYSTALLINE ROCKS
(COnsolidated)

sand and gravel
Sandsiona
Shale

Sandstone - Badrock

Limestone J

Crystalline rocks




Years to
decades

Salt water

40 miles

Groundwater flow paths (indicated by the blue arrows). The thickness
of the lines reflect the relative amount of groundwater flowing through
the groundwater system.
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Karst Landforms and the Erosion Cycle

Stream disappears
underground

Sinkholes
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Underground stream




Volcamic Waeathering
activity

lgneous rock

These rocks are formed
whan magma (molten rock)
from the Earth's interior
cools and solidifies.

Iransport

Metamorphic rock

The heat and pressure of the
Earth's interior transform igneous
and sedimentary rocks into
metamorphic rocks.

The Rock Cycle

Sedimentary rock

Atmosphenc agents erode and transport
igneous rocks to the seabed, where they
are compressed and merged with others
into sedimentary rocks.




':i‘! Weathering of uplifted rocks
contributes phosphates to the

land. Some phosphates make

PhO Sphate CYCllng their way back to the ocean.

l.gﬁ Phosphate fertilizer
applied to fields can
run off directly into
streams, become part
of a soil pool, or be
absorbed by plants,

- Weathering I

¥ T

. Deterge nts,
cleanlers

} Excretion by animals and
decomposition of both
animals and plants
release phosphates
on land or in water.

i

(4_] Dissolved phosphates precipitate out of
~ solution and contribute to the ocean
sediments. Conversion of sediments into
phosphate rocks is a very slow process.

k!

) Geologic forces

can slowly lift up
phosphate rocks
from the ocean
floor to form
mountains.
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Sea Level — Recent History

Post-Glacial
Sea Level Ris
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100 feet
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Is 100 feet enough? Maybe, but for how long?

7/13/2019




——

ﬂ"

Contaminated R , Not Contaminated

-
Bedding Plane Fractures

| q#“‘f—h_ te.
L g -
-

4an - T T
Photo by: Mr. Brian Oram (2004)
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The End !

DURATION:

A PLANET IN THIS
HABITABLE ZONE
CAN STAY WARM
FOR )4 BILLION
YEARS




Our Latest Educational Resource

- @ - Description of the following:
: a. Citizen Database E?ﬁﬂ@@m
Water Qi :'IQT}:}, b. Baseline Testing

e, C. Drinking Water Standards

: g ~ d. Specific Water Quality Standards

¢. Treatment Options

f. How to Shock Disinfect a Well

g. How to Properly Construct a Well

h. General Guidelines on Baseline Testing

i T Parameters.
G And More. Cost $ 10.00

Other Resources at http:// www.water-research.net
Supports a Local 501C3 — Carbonwaters.org



http://www.water-research.net/
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