


WHAT HAS CHANGED RECENTLY TO MAKE THE 
MARCELLUS  SUCH AN IMPORTANT FORMATION?

1. A mind shift from viewing shales as a source rock and 
seal for oil and gas reservoirs to viewing shales as source, 
seal AND reservoir

2. Technological advances in drilling, especially  
horizontal drilling 

3. Use of massive amounts of water and sand in 
hydraulic fracturing

4. Natural gas demand, coupled with higher energy 
prices 

5. Wall Street’s acceptance of unconventional plays p p y
such as coal bed methane, tight gas sands, oil shales, and 
shale gas



SHORT HISTORY OF THE MARCELLUS PLAY

1. The current Marcellus shale play began in 2004,
after Range Resources drilled a well in 2003 to the
Lower Silurian in Washington County PA TheLower Silurian in Washington County, PA. The
deep formations (such as the Oriskany
Sandstone) did not look favorable, but the
Marcellus shale had some promise. Range
completed the well late in 2004 as a producing
shale well and drilled some additional wells in the
area. They experimented with drilling and
hydraulic fracturing techniques borrowed and
revised from those used in the Barnett Shale gasrevised from those used in the Barnett Shale gas
play in Texas. Range began producing Marcellus
gas in 2005. Since then, the company has
permitted more than 150 Marcellus wells inpermitted more than 150 Marcellus wells in
Washington County alone.



MARCELLUS PLAY DISCOVERY WELL
Range Resources

Renz Well
Original Target:  Silurian Lockport Dolomite

Drilling Completed:  July 2003
Stimulated:  October 2004



WELL RECORD OF THE 
MARCELLUS PLAYMARCELLUS PLAY 
DISCOVERY WELL

Official completion report



SHORT HISTORY CONTINUED

2. Other companies took note and started following
suit, and the play began heating up. Soon, theresuit, and the play began heating up. Soon, there
was a loud buzz within the oil and gas industry . . .

3 In late 2007 Penn State put out numerous press3. In late 2007, Penn State put out numerous press
releases highlighting the research on the
Marcellus by Dr. Terry Engelder and his SUNY
F d i ll b t D G L h i hi h thFredonia collaborator Dr. Gary Lash in which they
stated that the play could produce 50 trillion cubic
feet of gas . . .

4. This helped bring the mainstream media into the
play, increasing the visibility (and the hype)p y, g y ( yp )
tremendously



SHORT HISTORY CONTINUED

5. Leases, which for years had been a “standard”
$25/acre for 5 years with a 12.5% royalty, began
climbing, and eventually went “through the roof” –
some reaching as high as $6,000/acre and 25%
royalty – as companies with deep pockets begany y p p p g
taking an interest in the Appalachian basin

6. Ironically, many of these companies had chosen6. Ironically, many of these companies had chosen
for decades to ignore the Appalachians as not
worth the investment, so they had to scramble to
pick up leases buy out existing operators andpick up leases, buy out existing operators, and
learn the geology and engineering characteristics
of the rocks



THE MARCELLUS PLAY IN THE APPALACHIAN BASIN

Modified from 
Durham, 2011



SOME BASIC FACTS ABOUT THE MARCELLUS

The Marcellus play area extends from New York
through Pennsylvania into West Virginia a slimthrough Pennsylvania into West Virginia – a slim
area of eastern Ohio contains Marcellus at 50 feet
or thicker. Marcellus does not appear to extend
i t K t k t llinto Kentucky at all

Total vertical depths (TVD) drilled in the play thus
f f 1 000 f t th L k E ifar range from ~ 1,000 feet near the Lake Erie
shoreline to ~ 8,500 feet in Clinton County, PA

Th M ll i UNCONVENTIONAL iThe Marcellus is an UNCONVENTIONAL reservoir

SO, WHAT ARE THE DIFFERENCES BETWEEN ASO, WHAT ARE THE DIFFERENCES BETWEEN A 
CONVENTIONAL AND AN UNCONVENTIONAL RESERVOIR?



CONVENTIONAL RESERVOIR AND PETROLEUM SYSTEM

1. Source rock (organic-rich 
shale) – generation and 
expulsion

2. Migration – from source to 
reservoir

3. Reservoir rock (sandstone 
or limestone) – holds 
petroleum in internal pore 
space

4. Trap (e.g. unconformity or 
fault) – keeps petroleum in 
reservoir 

5. Seal – impervious rock 
such as shale or non-
porous limestone

6. Overburden – buries 
reservoir under thousands 
of feet of rock



CONVENTIONAL RESERVOIRS

Reservoirs areReservoirs are 
NOT holes in the 
ground (e.g. caves 
and caverns).  

They are solid rock 
with seemingly 
insignificant space 
to hold fluids suchto hold fluids such 
as oil, gas, and 
water



SANDSTONE: 
A TYPICAL RESERVOIR ROCK



THIN SECTIONS

G l i t l k t b th th t id d

THIN SECTIONS

Geologists look at both the outsides and
insides of rocks in order to determine their
characteristics. One way to look INSIDE ay
rock is by grinding down a piece until it is
so thin it is essentially transparent. This is
called a “thin section” The thin section cancalled a thin section . The thin section can
then be viewed under a microscope to see
the individual grains, the cement holding
th t th d ( ) th tthem together, and any spaces (pores) that
might exist between the grains.



HIGHLY MAGNIFIED THIN SECTION OF A PIECE OF             
POROUS SANDSTONE EMBEDDED IN BLUE EPOXY               

TO SHOW THE PORE SPACES
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In a CONVENTIONAL reservoir rock, likeIn a CONVENTIONAL reservoir rock, like
that illustrated in the previous slide,
fluids occur within the pore spaces (the
blue areas). When an oil and gas
operator drills into the rock, the fluids
t l th h th i t t dtravel through the interconnected pore
spaces to the well bore. The more
interconnectedness (permeability) theinterconnectedness (permeability) the
better the production.



SHALE RESERVOIR AND PETROLEUM  SYSTEM

Source rock elements 
(organic compounds) 
remain in the shale

Reservoir and seal  are 
tl diff t thvastly different than 

those in conventional 
systems

Porosity (total pore 
space) and 
permeabilitypermeability 
(interconnected pore 
space) are extremely 
limitedModified from Laughrey, 2009g y,



TYPICAL ORGANIC RICH SHALETYPICAL ORGANIC-RICH SHALE



HIGHLY MAGNIFIED THIN SECTION OF A PIECE OF          
ORGANIC-RICH SHALE SHOWING LITTLE OR NO POROSITY

ALGAL CYSTS

SCALE:SCALE:



SCANNING ELECTRON MICROSCOPE (SEM) 
PHOTO OF THE MARCELLUS ORGANIC-RICH SHALE

PORE
PORE PORE

PORE

SCALE:
40 Microns



In an UNCONVENTIONAL reservoir rock,
like the Marcellus shale hydrocarbonslike the Marcellus shale, hydrocarbons
occur as molecules adsorbed on the
organic material in the rock, within theg ,
ultrasmall pore spaces between clay
grains, and in natural fractures (joints – see
PART 2 BASIC GEOLOGY)PART 2: BASIC GEOLOGY).

Because of the lack of effective porosityBecause of the lack of effective porosity
and permeability, when an oil and gas
operator drills into the shale, the only way
f th fl id t t t th ll b ifor the fluids to get to the well bore is
through fractures, whether natural or
induced. The more fractures, the better theinduced. The more fractures, the better the
production.



THE EFFECT OF FRACTURES ON HISTORICAL              
SHALE GAS PRODUCTION

Marcellus shale – “. . . has produced
id bl i i f iconsiderable quantities of gas in western

part of Ontario County, New York. Certain
wells have had rather large open flows butwells have had rather large open flows but
decline in production is generally rapid
although a very small production may be

i t i d f S t bmaintained for many years. Seems to be
most productive where fracturing and
brecciation have opened joint-plains inbrecciation have opened joint plains in
which gas can accumulate.” [emphasis is
ours]

Quote from Paul D. Torrey, 1935y,
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