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This report is the result of quarry, jobsite, and laboraiory examinations of &

3

coarse aggregate material which has been widely used in concrete struciures
and bituminous mixtures on Texas Highway Department projecis in the eastern

part ¢f the State.
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tions of the physical and chemical efiects o

ganic and inorganic components, coupled with examinations of the delsterious

et
Ux

effects of these components when the aggregate

~my f x & ooy = ey g e oy
used in oonliete swruguures,

coverstone, and paving materials, is the subkject of this study.

PURPOSE

The purpose of this report is to illusirate by examinations of highway structures
and paving surfaces, in addifion to regular pit-run materiz! _ 7 extensive con-
centrations of deleterious materials—namely, lignite and iron pyrite——are pre-

sent in a crushed sandstone aggregate produced i}n Preestone County and widely

\ \

used in East Texas highway projects.



¥ AADRY OAWNTTS NV RTINT TTS TN AT
SUMMARY AND CONCLUSIONS

Deleterious components of a coarse sandstone aggregate being guarried at East
Texas Stone Company's Blue Mountain pit in
ined petrographically, chemically, and physically. In addition, their physical

and aesthetic effects on Texas Highway Department projects have been noted.

- Quarry-site studies indicate that substantial amounts of lignite and pyrite cc-
cur throughout the deposit. Petrographic analysis shows that the deposit is
basically & fine-grained calcareous quartzitic sandstone. Its gritty texture is
due. to grain shape and character of cementing agent. Chemical data compli-
ments the petrology as tc mineral composition. Results of physical tesis sug-
gest that variaticn in wear and soundness values are brought abcout by degrees

of lignite content and particle lamination.

Riprap, concrete structures, and asphaltic surface treatments reflect the dele-
terious effects of aggregate containing lignite and iron pyrite. Stains and pop-
outs caused by pyrite alteration were noted on concrete structures, which had
been in place from less than one year to about 15 yvears and contained aggregate
from the Blue Mountain pit. The degree of staining and popout freguency ap-
peared to be directly related to the age of the structure; the older the structure,
the greater the deterioration and number of popouts. Lignite popouts reflected
a high degree of physical changes brought about by particle expansion probably

caused oy wet-dry cycles.




will be permitied as long as gquality conirsl of the ma

RECOMMENDATIONS

There should be a thorocugh and extended program of resirictive
quarrying at the Blue Mountain Pit to control the amounts of lignite
and pyrite in the processed material destined for Texas highway

projects.

The continued use of the crushed sione aggregate for surface courses

{items 302, 304, 320, etc.), asphaltic mixes (items 340, 350, etc.
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custom selected by a gualified inepecicr o assure minimum amounts

of lignite and/or pyrite.



2. Source location and geologic seiting:
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The materials source examined for thi

Fairfield and 3 miles north of US 84 in eastern Freestone County {gee Figure 1}.

pany, is situated on the northern perimeter of the Butler Sait Dome and alon
‘the southwestern edge of the Trinity River floodpiain. The local topography is

characterized by marsh areas ad,ace it {0 near-by Biue Lake, formed from the

damming of Gaston Branch, and having frequent ouicrops of
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mppmg bedrock. One such feature over the dome area is called Blue Mountain.

Although the depth to the salt is just over 300 feet, salines and solution sinks
are present in and around the dome area. As the salt forced its way toward the
surface, overlying sedimentary rocks were influenced causing & disturbed area
some 3 miles in diameter. The oldest sediments exposed at the surface are upper
Cretaceous age and are located toward the center of the dome. The surrounding
rock formations, as well as those on the outer adge of the dome, are Eocene
age. The quarry production is from the Carrizo sandstone formation, Wilcox

group, middle Ecocene.

,

Other domal structures {about 30 or so) related ic salt intrusions are concentra-
ted along the axis of the East Texas Embayment in ten near-by Counties. Nine

=% ~ - ey Al 3 B ym ol oo . o T - P | mFey = Focir vt me
such sait domes are situgted in Anderson and Lecn Counties only & few miies
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B. Present quarry operations:

et 1 1 e e
Essentially all of the miniy

place since East Texas Sto:
ing and processing of the crushed stone involves a series of steps, namely,
siripping overburden, blasting, excavation and loading, hauling, crushing,

conveying, screening and washing, and finally stockpiling.

Figure 2 shows a portion of the 15-20 acre pit including stripping of the over-
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burden (25-30 feet thick) and two working-face levels; one about §
lower about 15 feet. In addition to illustrating excavation and lcading, Tigure

3 shows the use of & "headache ball" to reduce oversize boulders.

From the working face Euclid dump trucks take the stone to a 42" x 48" jaw
crusher for primary reduction.. A scalping screen removes the plus 10" material
for riprap; the smaller size is handled'by a secondary 30" x 42% jaw crusher.
Other auxiliary roll and cone crushers are used to further process the material
in preparing it for final screening and washing before stockpiling. f‘igures 4

and 5 show the Jaw crushers and some of the screening equipment.

For better than 15 years production going to State highway projects has inciuded
aggregate for surface treatments, hot-mix asphaliic concrete, riprap, and pori-

land cement concrete.

O
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Figure 2. Looking north at a portion of open-pit quarry.
A3 'Figwe 3. View of excavation and loading
%4 operations with overburden visible above

‘indicated contact.
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Figure 4. Primary and secondary jaw crushers.
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Figure 5. View of some cf the screening equipment.
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C. Petrographic studies:

Both reflected and transmitted (plane and polarized) light microscopy were em~-
ployed for this study. The samples utilized were taken from the quarry face,
stockpiles, and material submitted to the Materials and Tests Division Labora-

tories for routine testing.

In general, the Carrizo sandstone quarried at the Blue Mountain pit consists of

a fine-grained, subrounded to subangular crystalline quartz (SiOZ) sand which
has been cemented with calcite (CaCO3). Other components include milky amor-
phous quartz (chalcedony), minor amounts of dark colored amphiboles, mica and
clays, with varying amounts of iron pyrite (PeSz) , fossil plant remains and lig-

nite (brown coal).

The shape of the quartz grains is mainly subrounded, as seen in Figure 6, but

angular grains are abundant. The latter form possibly resulting from fracturing

Figure 6. Sand grains with the cement removed. (52X}
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during salt dome activity. The texture is gritty and sugary to the feel which is

especially noticeable in specimens deficent in cementin
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Figure 6 illustrates the relatively uniform shape and size of the quartz grains.
The cementing material was removed with a weak solution of hydrochloric (HC1)

acid.

Iron pyrite can be found as rounded nodules (varying in sizes up to about 3
inches), irreqular veins replacing carbonized plant remains, or as discrete
crystals. TFigure 7 shows a hand specimen (taken from pit-run material prior
to crushing) containing bands of lignite, w'ni;:'n form bedding planes, and

plainly visible pyrite nodules.
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Figure 7. Hand specimen conteining lignite and pyrite.
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Upon microscopic examination of the lignite bands, pyrite is noted in

association with the plant tissue as seen in Figure 8. A polished sec-
tion through one of the nodules reveals that the pyrite has replaced the
calcite cementing agent. In Figure 9, quartz grains can be seen incor-

porated by the pyrite.
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Figure 8. Lignite with veins of pyrite as indicated.
Light area is quartz grains cemented with calcite. (7.5X)

bt

pe?



Figure 9. Polished section of a pyrite nodule with included quartz grains.
Dark area is quartz cemented with calcite. (23X)

D. Laboratory results:

In addition to several chemical and physiczal tests which have been conducted,

future tests (freeze-thaw and others) are planned to aid in evaluating this mate-

rial source. During earlier testing of the Blue Mountain pit material by D-9

Laboratories, the following chemical

Loss by Ignition . .
SI02 « ¢ o o o o
Cal « s w s .
CaCOy {(from \JaO) .
Cther ox;.c_:'iec i % %

analysis was reported:

[

[aN]

% by Wt.

16.49
61.52
21.00
37.48

0.57
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Tests performed during the past two years indicate that the sandstone has a
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weight per cubic foot averaging about 92 lbz., Lo
tha samoe poricd aro as followa:

Type of Wear and Percentage Loss

IIA" "C" W Dll
42.90 29.30 34.20
43.62 14.87 30.20
34.20 32.20
28.20

Soundness loss by MgSO4 on the material varies greatly depending on the a-
mount and size ‘of the lignite fragments, the extent of particle lamination, and
degree of induration by the cementing agent. During the past two years, tests
show that percentage loss by MgSO4 for submitted samples have ranged up to
7.7%. Recent investigations indicate that on fresh (pit-run) samples, lignite

has the greatest influence on the relative scundness for & particle (as illustrated

b

Figure 10. Sample
prior to testing.




in Figures 10, 11, and 12) whereas, upon periods of exposure, pyrite has just

as much, and possibly more, influence on the material's soundness.
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Figure 11. Sample after five cycles of MgSQOy.
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Figure 12. Sample on left retained on screen; on right that amount lost (15%).
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E. Tield observations:
Careful observations of the quarry face and excavated material at the Blue
Mountain pit point out that substantial amounts of lignite and iron pyrite occur

throughout the deposit (Figures 13, 14, and 15).

Figure 14. Lignite
on bedding planes.
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Figure 15. Boulder showing extensive uncemented "“sugary" areas
and scattered fossilized plant fragments and leaf imprints.
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Figure 16. Hand specimen having irregular shaped pyrite
nodules in association with lignite. Pyrite outlined



Several emplacement sites have been studied for the deleterious cifects of lig-

nite and pyrite. In September 1968, riprap quarried irom Blue Mountain pit and
placed on SH 103 crossing Sam Rayburn Reservoir (southern Nacogdoches County)

J

was examined. According to contract records, the material had been placed as

[ol]

shoulder protection in 1963-64, or roughly 4-5 years prior to this inspection.
About 50% of the material was in advanced stages of deterioration either from
exfoliation due to physical changes of the lignite or chemical decomposition
from the weathering of the pyrite (Figures 17, 18, and 19). Recent examinations
point out that the riprap along SH 64 at Lake Tyler is experiencing decomposition

at about the same rate and degree.

Figure 17. Riprap used as shoulder protection at Attayac Bayou.
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Figure 18. Deterioration of riprap. Pyrite is indicated.
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Figure 19. Deterioration by splitting and corrosion. Lignite seams are indicated.
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Concrete bridges and accessory structures containin:} coarse aggregate from
Blue Mountain pit have recently been examined for this report. Concrete struc-
tures placed from one to fifteen years were noted to have extensive staining
and popouts resulting from the deleterious effects of lignite and pyrite. Typi-
cally, the extent ranged from only slight on those structures 1-2 years old to
extreme on those over 8-10 years old. The following figures illustrate the ef-

fects these two reactive components have on concrete structures.

Figure 20. Typical cavity and stain
caused by the chemical alteration of
- —pyrite to limonite {rust).
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.
:
4
;)
,
3
= ‘a
= |
2 3
e b
X
:l
i
i
A
1
H
|
!
1
|
A

21 :

The woitteir Linrs _
Midwestern State Lniversity
Wichita Falls, Texas



]

E.

e it i it ]

WS o R e A T S TR R A P 555 3 )
Lo Sl o RIS TSR TR
& iy
et R 0y
"

1

—

Arr———

e S, BTN

Popouts and staining on bridge side.

Figure 25.

ng along bridge riprap.

- :
int

a

st

ve

i

Extens

Figure 26.



YT

B
B

e 3 e Y
SERARIE S WA e PEN 5 R,

e T

N

o4 P
et TR I D ey
et
vl

w

Figure 27.

Close-up of stained area and corrosion of concrete.
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The following figures show the eifects of lignite and

having the subject crushed sandstone as an aggregate.
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gure 31. Close-up of surface showing popouts.
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Figure 5Z.

Pyrite popouts and staining of intersection median.

Pigure 53. Close-up of pyrite popout
Note pecpout occuring under pel
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