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Shale is a rock, typically defined as an indurated, finely laminated,
sedimentary rock, composed primarily of clay, mud and silt.

o This definition does not describe mineralogy, it describes grain size e
511 D9QA OAF #F?DAK@6 J=>=JK LG ; DIQEKAR== %
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word that is at the heart of the confusion. :

511 D9QA EAF=J9DK almniurdsiliGatGalitiHa skkeetike@Q < T GMK™
structure (phyllosilicates), which adsorb water on their surfaces and have a 5__} B IHC
CEC (Cation Exchange Capacity).

o In shales most of the clay sized particles are composed of clay minerals

This distinction is important because there is so much confusion in the
iIndustry whereVshaleand Vclayare frequently interchanged

From Wilson, 1882. Courtesy SPE
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Shale Distribution models, like the one shown, are often used to illustrate shaley-sand

interpretation methods, but these models are misleading as they confuse shale and clay.
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Dispersed Shale
It = Pe+Vshale

Vshale

Structural Shale
DOt = Pe

[Laminated Shale

Ot = Pe+Vshale*Dtshale

Tool response equations have no
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It is the minerals, fluids and their
volumes that matter, e.g.
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o Structural model implies that the
| 1 @9 D=A100d\MIKL : =
o Dispersed model implies that the
| 1 @9 D= Al10(RAvlay : =

o Laminated model is correct in terms
of clay, but it is expressed in terms of
shale

But shale and clay are not the same
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TNPH / RHOB

In a typicalshaleysand we see 2 trends forming
9F | * A GJ ShateySark @hdHandihel
Shale trend.

The Shale Point is the intersection of the two
trends, it is the shale in thehaleysand.

5@t Clv Theshaleysand trend is a linear volumetric mix
of clean sand and shale, i.e. 50% shale by volum
will plot half way through this trend.

The shale trend is important as it provides the
means to identify the Wet Clay Point.
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TNPH | RHOB

Shale is a mix of silt, i.e. matrix, and wet clay.

2@= | 1@9D= *AF=A JMFK >JGE L@= +9LJAP
(100% silt, 0% wet clay, 0% porosity) to the Wet - ' |
Clay Point (100% wet clay, 0% silt).

The location of the Shale Point on the Shale Line- £ o T =,
depends on the amount of clay and silt in the ¢ R Y ey
shale. If the shale is 30% silt and 70% wet clay, ' B T e ey
the shale point is 70% along the shale line from ‘M T

the Silt Point. 100% silt

0% wet clay
238

This reflects the general classification of shale as
siltstone, mudstone or claystone.
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THFH [ FHOB
Active Zone 1 L

The Clay Shale Ratio, CSR (sometimes called the
Clay:SiltRatio), is the amount of clay in the shale.

CSR is how far along the Shale Line the Shale
Point is located.

If shale is 70% clay and 30% silt then CSR is 0.7.

-o%silt Silt Index,Isilt, is another way to express the
100% wet clay .
same concept, it would be 0.3.

Matrix/Silt Point

100%silt Within a linearshaleysand trend CSR is constant.

0% wet clay
]

THPH - DE
460 oy plomed o of M 7 m
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TNPH / RHOB
Zone:l

Matrix/Silt
Point

gy Claystone-Sand trend

Mudtone-Sand trend
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sl Siltstone-Sand trend

CSR affects th8haleySand trend.

Shale with a high clay content will produce a
shaleysand trend toward claystone.

Shale with similar clay and silt content will
produce ashaleysand trend toward mudstone.

Shale with a high silt content will produce a
shaleysand trend toward siltstone.

| * Q9 EAF9L=<AJ] | 1LJM; LMJ
trends are often identified in the data, but are
these real or just the effect of changing CSR?



Lifting The Fog of Confusion Surrounding Clay and Shale in Petrophysics

Paul Spooner, SPWLA 85Annual Logging Symposium, May 182, 2014, paper VV

TNPH / RHOB

i Sreit] /‘ The Clay Line runs from the Dry Clay Point up
| through the Wet Clay Point to the Water Point.

Dry Clay Point is controlled by clay mineralogy.

Wet Clay Point is controlled by the clay porosity,
how much water it holdsPhiTclay

PhiTclaycan be determined from the Dry Clay
density and Wet Clay density.

The Shale Point, and hencghaleySand trend,
are affected by changes in clay mineralogy and
| O=LF=KKAJ] =N=F O@=F !

Matrix/Silt
Point

; ) S - ~ Hence, this can also be misinterpreted as
T = changesin * 9EAF9L=<A/] | 1LJ]I
| " AKH=JK=<A K@9D= LJ=F
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Vclayis determined by linear interpolation from the clean lin&'¢lay= 0%) to the Wet Clay
Point (Vclay= 100%). Changing the slope of the Clean Line accounts for hydrocarbon effect.
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Wikipedia has 6 definitions of Effective Porosity: | ———core 41 %
rom Wikipedia based on the Eslinger evear conce ; .I »! |
I(:Eslinggrlflge?/eatr), 1938) the Esinger &7 i e XSt (peaciical) ol ri i
Vsh (perfect) " i
. ] ] NON-CLAY DRY CLAY CBW CAPILLARY WATER (CW)| HYDROCARBONS
Felis oven dried core porosity MINERALS | (V) SHALE WATER ow
Coarser Non 1t02 Other |CW in shale in small
. R . Than Silt Silt | OH |OH™ | mol.layers] CBW | micropores ores Residual | Producible
F e2 is humidity core porosity oo e T ——
i ge2 o
£
Fe3andF=f 9J= L@= | FGJE9DA H_LJG“H@Q.KG@ .9D. <5
5 Fe3isFL EAFMK | ; D9Q 0O9L=JA "_@5,«'—”%6*
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KADL AF L@= K@9D= : ML =P; DM<AF? L@= ; 9HADDO9
but how can we discriminate that from logs? Even NMR cannot do that.

F e5 andF e6 only consider pore space available to store hydrocarbons

52@=Q =P:; DM<= 9DD L@= : GMF< S@&Swr?NNRIn@80vell G O -

52@=Q G>L=F 9DKG J=>=J LG | ; GFF=; L=<A HGJGKAL
Density vs sonic? The difference is often due to the4inaar response of sonic to porosity.
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In Petrophysics it is confusing to use 2 different definitions of Effective Porosity:

FL EAF MK |EeB & Qasdd 8ria-mindral odel

o This is the definition used by all commercial nafeterministic solvers
o This is the definition used by all commercial NMR interpretations

o This is the definition used by some commercial deterministic models

FL EAFMK | K@YiPbasedDdh b rock Aodé
o This is the definition used by some other commercial deterministic models

Maybe we should standardize on a single definition?
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SAND SILT cw
: . WATER
For a given rock as shown:
If Vsand= 0.5\Vsilt= 0.12Vdclay= 0.15Vcbw= 0.04Vcw= 0.04Vfw= 0.15 | Vquartz | Vclay | De3
ThenVquartz= 0.62\/clay= 0.19F t = 0.23 andF e3 = 0.19 CBW = Clay Bound Water | Vshale | Ded
Also ifVshale= 0.30 therFe4 = 0.18 CW = Capillary Bound Water | Dt

We can then compare different methods of calculatifg and F e from the density log:

Ftfirsta3L @QAK AFLMALAN=DQ >HAa0y&Fe GJJ=; L 9K O=
o9 Method 13 calibrate directly to core

9 Method 28Ft = ( ,,;9r ,)/(r ,,.or ) andF e4 =F taVshtFt, whereFt = ( .o 0/ (I 1o 1)

o Method 33 Ft same as Method 2 ande3 =F taVckFt whereFt = ( .9 )/(F ma®r 71)

o Method 43replacer ., in Methods 2 or 3 with a shale or clay corrected Grain Density

F e first
o Method 53 solve the tool response equations directly fére
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Method 1: CrossplotRegression of density log against core porosity

This assumes a fixed .andr
o9 May be robust in homogeneous formations

o Less robust in heterogeneous formations
Changing mineralogy

Changing clay content

Changing NefTo-Gross

Changing fluid types

Changing fluid saturations

To o To To Io I»

Non cored intervals

Does not address differences in resolution

9 Problematic in thinly beddedshaleysands

5*G?K | K==A 9 <A>>=J=FL NGDME=LJA; 9N=J97?-=
o Core may be preferentially plugged in clean sands



