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Abstract 
 

Carrier beds provide pathways for hydrocarbons to migrate from source rocks to reservoirs. Carrier beds 
may—but often don’t—have the same reservoir properties as the conventional reservoirs supplied by them.  
Indeed, the boundaries of many conventional fields are defined by changes in porosity, and, more often, 
permeability, associated with a change in facies between the carrier beds and the reservoir.  The low 
permeability of some carrier beds does not preclude them from supplying conventional reservoirs, because 
generation rather than migration is the rate-limiting process at geological time scales.  If sufficient porosity 
exists for economic volumes of hydrocarbons to be present, the low permeabilities that previously marked 
the economic limits of some fields need no longer preclude extension of the field downdip into surrounding 
strata.  Horizontal drilling and multistage completions may allow low permeability carrier beds to become 
reservoirs. 

The offshore Mancos Shale play associated with Bisti field in the San Juan basin produces from the 
muddy, bioturbated offshore facies that served as carrier beds for the conventional reservoir.  The term 
halo play has been used for certain unconventional light oil plays surrounding Pembina field in Alberta, 
Canada.  Excluding bypassed pay, these plays are in fact producing from muddier, bioturbated offshore 
facies that served as carrier beds for the conventional reservoirs updip.  Plays similar to the offshore 
Mancos Shale play and the halo plays surrounding Pembina field may be associated with isolated linear 
sandstones in the Cretaceous up and down the Western Interior Seaway—and elsewhere.  Calling attention 
to this similarity by identifying carrier beds as a separate play type will focus attention on such plays and 
perhaps lead to future discoveries. 
 
Statement of the background 
 

Carrier beds provide pathways for hydrocarbons to migrate from source rocks to reservoirs (Tissot and 
Welte, 1978).  Typically, source beds are fine-grained sediments with pore-throat sizes measured in 
nanometers and permeabilities measured in nanodarcies (Nelson, 2009).  Geochemists term movement 
from the source rock to more porous and permeable carrier beds primary migration.  Secondary migration 
is the movement of hydrocarbons through carrier beds to conventional reservoirs.  Carrier beds may—but 
need not—have the same reservoir properties as the conventional reservoirs supplied by them.  Indeed, 
the boundaries of many conventional fields are defined by changes in porosity, and, more often, 
permeability, associated with a change in facies between the carrier beds and the reservoir (Fig. 1).  The 
low permeability of some carrier beds does not preclude them from supplying conventional reservoirs, 
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because generation rather than migration is the rate-limiting process at geological time scales (Pepper, 
2016).  Permeability and viscosity do not limit migration at geologic time scales. 

 

 

 

Figure 1. Diagram showing the relationship between carrier beds and reservoir rock in a common type of stratigraphic trap:  A) 

deposition of prograding shoreline sequence, B) the shoreline sequence is overstepped and buried by marine muds during subsequent 

transgression, C) the sequence is deeply buried and the source rock begins generating hydrocarbons which migrate updip through 

low permeability carrier beds to a conventional reservoir characterized by relatively high porosity and permeability. 

 
Broadhead (2015) identified lower permeability, oil-bearing strata downdip from Bisti field in the San 

Juan Basin as the offshore Mancos Shale play.  Clarkson and Pedersen (2011) introduced the term halo 
play for unconventional light oil plays adjacent to conventional reservoirs in western Canada.  Here we 
provide additional information on Bisti field and generalize the work of these authors by recognizing carrier 
beds as a type of unconventional play.  Clarkson and Petersen (2011) included bypassed pay and stepouts 
in halo plays.  However, we exclude bypassed pay from this play type, because much bypassed pay could 
have been exploited by conventional drilling and completions techniques but was simply missed in earlier 
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phases of conventional drilling because of segmentation of the reservoir due to faulting or stratigraphic 
complexity. 

 
Aims and Objectives 
 
Passey et al. (2010) noted “my source rock is now my reservoir.”  Can the same now be said for carrier 
beds?  If sufficient porosity exists for economic volumes of hydrocarbons to be present, the low 
permeabilities that previously marked the economic limits of some fields need no longer preclude extension 
of the field into surrounding strata that served as carrier beds for the conventional reservoir.  Horizontal 
wells and multistage completions allow low permeability carrier beds to become reservoirs. 
 
Materials and methods 
 

Bisti field produces from the Tocito Sandstone (Cretaceous) in the San Juan basin, New Mexico (Sabins, 
1963).  The discovery well was drilled in 1955.  In 1972, the estimated ultimate recovery from the field was 
56 MMBO (Sabins, 1972).  By 2014, Bisti field and Horseshoe field, its companion along strike to the 
northwest, had produced almost 90 MMBO (Fasset, 2014).  The Tocito Sandstone is one of a group of 
enigmatic reservoirs in isolated shallow marine sand bodies along the Cretaceous Western Interior Seaway 
(Snedden and Bergman, 1999).  Despite decades of research and numerous publications based on both 
outcrop and subsurface data no consensus interpretation for these sandstones has emerged (Suter and 
Clifton, 1999). 

We subdivided the Cretaceous section in the field area between the top of the El Vado Sandstone and 
the top of the Juana Lopez Member of the Mancos Shale into 14 stratigraphic intervals, including 5 within 
the Tocito sandstone itself, for high-resolution isopach mapping.  The subdivisions were correlated across 
the area using over 1,000 well logs.  The limited-interval isopach maps produced by this exercise revealed 
details of the depositional history not previously known.  We also identified and mapped three electrofacies 
in the Tocito Sandstone based on SP and resistivity curves and calibrated these facies with core.  The 
resulting facies association maps clearly delimited the reservoir and carrier bed units, and also identified a 
large area downdip from the conventional reservoir as having potential for development as an 
unconventional play. 
 

Results and discussion 
Carrier Bed Play at Bisti Field 

Sabins (1963) considered the Tocito Sandstone in Bisti field to be part of the Gallup Sandstone, and 
identified three separate bar sands within the field.  He showed the areal distribution of each bar separately, 
but lumped all three on the only isopach map he provided.  More recent interpretations show the Tocito 
Sandstone as lentils within the Mancos Shale separated from the underlying Gallup Sandstone below by 
the end-Turonian unconformity (Fasset, 2014, his Fig. 4; Nummedal and Reilly, 1999, their Fig. 3).  We 
subdivided the Mancos section between the top of the Skelly Zone (a regional stratigraphic marker) and 
the underlying end-Turonian unconformity into seven intervals for detailed mapping and facies 
interpretation.  The Tocito sandstones are in the four lowermost intervals and rest on the end-Turonian 
unconformity as shown by (Nummedal and Reilly, 1999) and Fasset (2014).  Limited-interval isopach maps 
show the successive Tocito sandstones deposited in a transgressive pattern, moving landward through 
time.  Each of the sandstones is elongate parallel to the regional shoreline, extends only a limited distance 
basinward, and is encased in marine shale.  The sandstones are immediately adjacent and parallel to a 
topographic high on the Cretaceous sea floor produced by uplift at the end of the Turonian. 

In addition to shale identified by its baseline spontaneous potential (SP) and resistivity responses, three 
electrofacies can be recognized within the Tocito Sandstone by their comparative readings on SP and 
resistivity logs.  Facies 1 is characterized by relatively high readings on both SP and resistivity logs and is 
the main reservoir facies in the field.  Facies 2 is also a sandy facies with a high SP, but has lower resistivity 
readings than facies 1.  Facies 3 has little if any deflection of the SP curve, but high resistivity readings. 

The facies association map for the M7 interval shows the typical spatial relationship among the three 
electrofacies facies in each interval.  Facies 1 is an elongate linear sand body extending 50 km (30 mi) or 
so along depositional strike, but it is only about 5 km (3 mi) wide.  It is equivalent to the “bar sand” facies of 
Sabins (1963).  Facies 2 is found updip and landward of the bar sands. It is equivalent to the “back-bar” 
facies of Sabins (1963).  The back-bar facies contains a “restricted” marine fauna of benthic foraminifera.  
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Facies 3 is found downdip and basinward of the bar sand facies.  Facies 3 is more sheet-like than facies 1, 
extending a considerable distance basinward.  It is equivalent to the “fore-bar” facies of Sabins (1963).  This 
fore-bar facies contains an open marine fauna of fish bones and teeth, the marine bivalve Inoceramus, and 
planktonic foraminifera (Sabins, 1963). 

The sandstone in facies 1 is cleaner, better sorted and shows less evidence of bioturbation than the 
sandstones in facies 2 and 3.  The bioturbation index (BI) increases from BI-1 to BI-3 to BI-5 moving from 
facies 1 to facies 3.  A core plug taken from the example of facies 1 seen in Figure 8 had a porosity of 
11.7% and a permeability of 61.2 millidarcies (mD). The core plug for the sample of facies 2 had a porosity 
of 11.06%, but a permeability of only 0.112 mD.  We do not have core data for the sample of facies 3, 
however, a sample of a similar offshore facies in the Cardium Formation is nearly identical in appearance.  
In the east Pembina halo play the offshore facies represented by this sample has a porosity of 11% and an 
average permeability of 0.3 mD.  Based on the similarity of the photographs we infer that facies 3 has a 
porosity around 10% and permeability of a few millidarcies. 

The Mancos Shale is the source rock for Bisti field (Fasset, 2014).  The Mancos entered the oil window 
in the Tertiary and remains in the oil window today.  The source rock kitchen for the oil in the Tocito lies in 
the northeast corner of the San Juan basin, downdip and basinward of Bisti field.  Hydrocarbons expelled 
from the kitchen migrated updip to the south and west to reach Bisti field.  To reach the linear sand body 
forming the core of Bisti field the hydrocarbons had to move through the muddier bioturbated offshore facies 
(facies 3).  This facies is the productive facies in the offshore Mancos Shale play of Broadhead (2015).  
Using the reasoning above, we infer that facies 3 has a porosity similar to facies 1 (≈10%), but a much 
lower permeability.  The boundary of the conventional field comprised of the bar sands (facies 1) is most 
likely marked by this change in permeability related to the change in facies.  The outlines of the bars shown 
by Sabins (1963) are determined by the limits of the “effective” sand, implying an economic cut-off, most 
likely permeability.  The marked decrease in permeability from facies 1 to facies 3 would prevent the latter 
from being a conventional reservoir.  However, this decrease in permeability would not prevent facies 3 
from being an effective carrier bed because the rate of fluid flow could be orders of magnitude smaller in 
the latter. 

Carrier Bed Play at Pembina Field 
Pembina field is the largest conventional oil field in Canada (Pedersen et al., 2013).  It produces from 

the Cretaceous Cardium Formation where shoreface and offshore facies pinch out into marine mudstones.  
Production from the field began in the 1950s and by 2013 more than 1.3 billion barrels of oil had been 
produced from an estimated original oil in place of 7.5 billion barrels (Pedersen et al., 2013).  Beginning in 
2008, after a period of decline, horizontal wells completed with multistage completions have brought new 
life to the field.  Most of the new production is from bioturbated muddy sandstone facies with lower porosities 
and permeabilities than the shoreface sandstones targeted by vertical wells in earlier stages of production 
(Pedersen et al., 2013).  Muddy sandstone facies can be found on both the landward (west) and seaward 
(east) side of the sandy shoreface deposits.  Pedersen et al. (2013) refer to the drilling in the muddy 
sandstones on the basinward (east) side of Pembina field as the east Pembina halo play.  The depositional 
architecture here resembles that of Bisti field (Pedersen et al., 2013, their Fig. 2).  The facies being targeted 
by the horizontal wells in the east Pembina halo play resemble our facies 3 in Bisti field.  The log response 
is similar (low SP, high resistivity) and the sandstones have a similar appearance (see Pedersen et al., 
2013, their Fig. 3).  Similarly, the sands in this facies have porosities around 11% and permeabilities of a 
few millidarcies. 
 
Conclusions 
 

Magoon and Dow (1994) identified the essential elements and processes of petroleum systems.  Their 
essential elements included the source rock, reservoir, seal, and overburden as rock units.  Their essential 
processes included trap formation and the generation, migration, and accumulation of hydrocarbons.  Note 
that carrier beds, while certainly known to be present as migration pathways, were not identified as a 
separate rock unit in their definition, or shown as a separate entity on their petroleum systems event chart.  
Perhaps as a consequence, carrier beds seem to have received much less attention from petroleum 
geologists than the rock units listed as essential elements of petroleum systems by Magoon and Dow (1994) 

Excluding the bypassed pay, the halo play in East Pembina field described by Pedersen et al. (2013) is 
a carrier bed play, as is the offshore Mancos Shale play described by Broadhead (2015). Plays similar to 
the offshore Mancos Shale play may be associated with isolated linear sandstones in the Cretaceous up 
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and down the Western Interior Seaway—and elsewhere.  Calling attention to this similarity by identifying 
carrier beds as a separate play type will focus attention on such plays and perhaps lead to future 
discoveries.  If such plays become common, it might be useful to add carrier beds as an essential element 
in petroleum system analysis. 
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