Appendix A- Graphic Stratigraphic Log of Unkar Creek Area (River Mile 73) as Measured by

Rose (2006)

Unkar
36°06'22" 111°53'55"

Height
in meters
from base
of section

271.6 ~Unconformity

(Redwall Limestone)

Blocky chareoal gray sparry imesiona forming massive cliff, with sharp lower contact and irreguiany shaped
calcite-filed vugs. Sharp basal contact.

Blocky clifi-forming steel-gray 1o powdery white porcelain-textured dolostone with fine low angle cross-bedded
and convolute laminae. 2-4 dm thick horizons of finar laminae form weak recesses. Upper 18-25 dm containg
glauconitic grains that impart a patchy pale g hue to the atherwise yellowish gray hering surface.
Sharp basal contact.
Blocky clifi-lorming faintly wavy laminar and mottled {index 4 or index 1, with ne gradation between)
p T+ with minor p gs of more finely-laminated siltstone and rare purplish-brown
/ shaly contaming vermiform bedding-plane fraces.
T T Purplish-gray to pale gray-grean imy micaceous sitstone in thin bads of <1 mm thickness or in blocky or

- nodular horizons 3-4 mm thick where bedding is faint or eryptic. Forms diiff with sharp basal contact and minor
P ———— recess al lop.

234.9 - Green fissile shale and green crumbly siltstone interbedded as couplets with pale pinkish tan fine sandstone
232'3 and rare glauconific greensand in beds laterally variable between 0.5-4 cm thick; also with rare blocky mottled
- 10 flat-pebble limestone 3-4 mm thick. Forms slope.

Finety crystalling steal gray 1o brownish-gray thin-bedced limestone in iregular to nodular beds 1-5 m thick,
mottied and with rare iregular interbeds of rusty orange to yellowish gray siltstone. Rare flat-pebble
conglometales dispersed throughout section, showing transitional forms with mottled layers and commonly
occurring in “clumps*” as thick as 3 dm within and among bedding planes. Forms slope with minor cliff at top of
saction that may be elsewhere axpressed as top of major ciiff.

Weakly laminar 1o Signtly mottied (Index 1) pale greanish-gray o rust orange siity dolostone, porcelaln-
i — — textured pale orange or greenish on fresh surface. Forms resistant tap of regionally prominent cliff.

I Green ligsile shale and green crumbly siltstone with interbecied pale pinkish tan micaceous line sandstone
i grading to interbedded limestone and limy siltstone between 158.1 and 162.1 m. Low bioturbation but with

= sbundant indeterminate vermdorm badding-plane traces and minor lineated Palsophycus. Upper 172 of
L section forms cliff where protecied by overlying more resistant limestone.

Thin-bedded limestone and fine pale pinkish tan mi: in g slightly wavy iregular to
nodular beds 1-5 cm thick, forming weak Iaﬁgn At 141.1 m is an inraformational cnngomm 1.6-2 dm thick
‘containing subrounded ir 1-2¢m, with a slightly rusty patina allowing traceability
o nearby outcrops. Gontact at top of ucﬂun is sharp and fainlly rippled.

Green fissile shale and green crumbly siitstone with interbedded pale pinkish-tan fine gtz sandme Inbeds
0.5-3 em thick, with biot'n and dominanca of green crumbly sitstone i ing up-section. and
runzelmarken common. Forms siope but the interval betwesn 1326-1348misa p‘omunenl resistant trough
cross-bedded M-ark/M-glauc bed with inegular paiches or rough horizons of less ferruginous pale lavendar
well-sorted fine quartz sandstone and glauconitic greensand.

Green crumbly silistone and rare green fissile shale with interbedded pale pinkish-tan to brown-spotted
medium sandstone in beds <1 dm thick. Sandsione bed contain rounded lithic clasts in a coarse subangular
sandstone matrix. Forms slope with minar resistant ledge 7 dm thick at top of section of pale lavender medium
ocoarse qtz. sandstone with scoured base, low-angle frough cross-bedding, and Arenicoiites at upper surface.
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Green fisslle shale and interbedded pale pinkish-tan 1o brown-spotted medium sandstone grading up into
biotd green crumbiy siltstone commonly capped by resistant M-ark beds. Prominent 4 dm thick M-ark bed
at 117.8 m is gradational over 25 cm with glauconitic silistone below and with low-angle cross-bedding on
upper 15 om with sharp upper contact. M-ark beds 5-15 cm thick occur more commonly up-section, roughly
every 1-3 m among centimeter-scale interbedded brown-spotted fine gz. sandstone. Forms slope with

*—-:ﬁ resistant 9-14 dm thick M-ark with scoured base and herringbone cross-beading with subangular feldspar
- clasts up to 7mm at top of section

Green crumbly siltstone and green fissile shale in centimeter-scale couplets with variably brown-spotted
to magenta-colored laminar {o low angle cross-bedded fine giz. sandstone, both in roughly equal
proportions for much of section, but with minor resistant planar-bedced sandstone ledge at 109.4 m.
Omerwise forms slope with runzelmarken and tool marks in ficat.

Bright Angel
Formation

117.8

y 100.4
i i 105.0

Partially covered slope with resistant high-angle cross-bedded wel-sorted medium-coarse qtz.
r e sandstone exposures as channel-and-fill archi Variable p of Arenicolites and
74.0 i, . Skoiithos burrows with some biot'n 100 great (o distinguish individual traces, Teichichnus and
: Cruziana (incl. C. grandeanyonensis) common to abundant as float.

Coarse to finely conglomeratic buff to very pale tan qtz. sandstone with miner partings of flaser
vedded to laminar dark green. pale ofive, or marocn fine sandsong or crumbly siltstone in laterally
discs izons up to 2 dm in thi ites presant on steeply inclined tabular
foresets. Top of section is transitional cliff- siope break.

‘ery coarse to conglomeratic horizental or channelized cross-becded sandstone with tangential
cress-bed dips up to 45° but mare commaniy ranging from 20-25°, and gravel lags of subrounded
qfz., mostly yellow, and minor angular ielchpar bath 1-7 mm, ruely as large as 20 mm in lower
part of section. Rare partings of fine dull t gray e, with coarse
sandstone or gravel Iags. in horizons 2 dm thick @xtending laterally 20-30 m are present balow 7.5
m. Partings of of pale o laminar si rarely as thick as 2 dm extend
laterally up to 20 m. Coarse conglomeratic fraction diminishes in modal grain size to 1-3 mm up
section in medium-coarse sand matrix. Bul tan with red-brown subhorizental bands overall, or
with red-brown patches with Forms cliff.

(P Dox Sandstone) F;?%e;ﬂbrownmie izontally-beddsd fine with pale tan band. Dips & low angle




Appendix B — Graphic Stratigraphic Log of Blacktail Canyon Area (River Mile 120.5) as Measured

by Rose (2006)
Blacktail Canyon
Height 36°14'25"N 112°26'21"W
in meters
from base
o section (Temple Butte Fm.)
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Interbedded laminar siltstone mottled with sugary-textured gray dolostone in oblong nadules or irregular horizons,
and a distinct flal-pebble conglomerate with finely crystalline gray-green internally faintly laminar clasts 1 cm by 4 cm
in silty sparry lighter gray matrix. Imp ble cliff at 282.6 m.

Thin-badded mottied and ir flat-pebble ‘with rare thin p gs of dark green
siitstone and laminar pale pinkish-tan fine sandstone at top of section. Flat-pebble clasts are commanly imbricated
and are herringbone cross-stratified at a horizon at 272.7 m. Top of section is ~1 m thick blocky mottled dolostone
(index 1-2) overlain in a sharp contact by a similar but fetid blocky mottled dolomite of ~1 m thickness, sugary
textured and medium gray on fresh surface, weathering with a patina |ike overlying Redwall Limestone and with faint
laminag exposed in patches.

Blocky laminar ight aray finely crystalling dolostone with dispersed fine-grained oblong ovate, globular, or
durnbell-shaped matties of contrasting darker gray color commonly 3-8 cm long but also consfituting thin bands 3

e mm thick and extending ~4 dm. Weathers rust-red and seen regionzally as small resistant ledge in slope or as a rusty
- 1oL band in upper prominent clifi

Partially covered slope of thin-bedded limestone and interbedded mottled dolostone and flat-pebble conglomerate.
Motlled dolostone component increases in frequency up section from 15 dm spacing fo 3 dm spacing. Lowest
flat-psbble conglomerate ocours at 232.6 m.

Thin-bedded limestone and interbedded mottied dolomite forming prominent clff. Motled dolostone component
(inclex 3-5) ncreases in frequency and thickness up-section from ~2 dm o ~10 dm or more. Mottles are charccal
gray and very finely crystalline on fresh surface, and increase up-section to dominate bulk lithology. Matrix is lighter
gray and sparry.

Partially covered slope exposed in lower and upper part of section: lower expasure is pale green crumbly biot'd
siltsione and fine laminar pale pinkish-tan fine sandstone couplets commonly 1-3 cm, rarely up to 3 dm. Upper
exposure is similar but also includes interbeds of thin-badded limestone and mottled dolomite (index 3-5). Indet,
ver miform bedding plane traces very comman, and paired holes on bedding planes also present.

M-ark of fine to medium subrounded gtz. herringbone cross-stratified with upper cross-set dominant in northeast dip
direction. Effervesces with HCI and inciudes sideritic or RBD (rusty brown dolomite) thin honzons of <2 cm
thickness and 1 m exient. Partially covered slope at base, of very pale green glauconitic siltstone and interbadded
laminar fine sandstcne in centimeter-scale couplets with gradational upper contact to overlying M-bed. Forms minor
resistant ledge with slope at base.

Fine laminar siltstone and mottied to laminar silty imestone in 3-8 cm thick horizons. Some mottles approach
Girvanefia-like sphericity cr are transitional in form 1o flat-pebble conglomerate that in one instance exhibits low-relief
truncation of underlying laminar siltstone.

Siity thin-bedded laminar imestone grading 10 increasing moting (index 4-5) and interbedded Girvanelia and silty
limestone nodules. Forms upper RBD {rusty brown dolomite) ledge.

Green glaucenitic siltstone and finely laminar to low angle trough c bedded fine sands in centir
couplets with rare interbedded low angle cross-bedded greensand. Forms slope at base of cliff.

Silty RBD {rusty brown dolomite) with fine laminae and sharp basal cortact, charcoal gray and fine sugary texture on
fresh surface, with fine to medium sand throughout and moderate motiling. Some mottiing approaches
Grivanella-like sghericity.

Fine trough cress-bedded to heringbone cross-bedded fine sandstone 5 dm thick with sharp basal contact, overlain
by 5 dm of glauconitic biot'd fine silistone, and with remaining upper part of section a finely laminar siltstone,
non-efiervescent with HCI and forming a blocky cliff commonly combined with overlying RBD (rusty brown dolomite).

Green crumbly siltstone and green fissile shale in centimeter-scale couplets with fine pale pinkish tan laminar to

low-angle trough cross-bedded fine sandstone and brown s; , and with jed with M-glauc and
M-ark in laterally discontinuous horizons up to 2 dm Ihlck with bases and brachiopod fr

At 105.1 m is uppermast M-ark also with i and rare gular ripup clasts of finer-grained
M-ark up to 4 mm. Top 1 cm of this M-ark bed is d overlain by Skolithos-bearing

lows-angle cross-stratified fine otz sandstone and interbedded gram crumbly siltstone. Glauconite and Skakthos
increase up-section above 105.1 m to conformable upper contact.

incer scale R 1,

/M»czanus green fissile shale and brown-spotted fine
indet. vermitorm bedding plane fraces and rare lineated Palecphycus. Increasing biotn and glauconite and wider

spacing of sandstone horizons up-section. Tap of section is 15 ¢m thick hemngbone cross-bedded M-ark/M-glauc
with rare tiny brachiopod and trilobite fragments

Brown-spotied fine sandstone and green fissile shale with ineated Paleophy and rare Dipl; seen as
fioat. At83.7 m Is variably sandy and hematitic trough cross-becded (dips 24°-34° toward ~320°) M-ark
minimally 3 dm thick with low-relief scoured base in channels up to 10 dm. Channels contain recognizable
cross-cut sub-herizons of M-ark, some with rippled surfaces (3 mm high slightly asymmetric ripple crests 7 cm
apart). This horizon is very fossiliferous in patches, mostly of brachioped fragments but with some vilobite
fragments and hyokthids.

Partially covered slope leading to uppermost high-angle cross-bedded medium qtz sandstone 3 dm
thick. Medium sandstone slabs dominate as float, commonly with interference ripples up to 4 mm high
Teichichnus and Diplichnites abundant

High-angle cross-bedded channelized medium subangular to subrounded qiz and sparsely glauconitic
sangsione in beds over 1 mthick. Forms laterally extensive horizontal ladge.

Fartially covered siope of ledge-lorming coarse to conglomeratic low-angle ¢ross-bedded sandstone 4-6
dm thick and recess or slope-forming 0.3-1.2 em thick flaser or wavy-bedded dark green fissile shala.
M-ark at 52.4 m is 4 dm thick and appears highly biot'd and very weathered, Above 650m
reddish-brown fissile shale becomes dominant lithology in sand-shale couplets of 1-2 cm alternating
thickness. Paired bedding plane holes and minar Cruziana, Diplichnites, Paleophycus, and altermate
perforations of Bicavichnites also present

Conglomerabe sandstone of subangular to subrounded white and yellow gtz, some chert and minor
felspar in granules up to pea-size. Weathers into reugh "pancake-layered" horizons with high-angle
foresets and tangential cross-bedding common between horizons. Lowest occurrence of dark green
fissila shale and siltstone a1 19,1 m in laminar horizons 5-30 em thick and extending Iaterally up to-20
m. Also above 19.1 m are Arenicoloides. Arenicolfites and Skolithos.

(0€ Vishnu
Metamorphic Complex)

Low relief contact with Brahma and Vishnu Schist 4 m as exposed in Stephen Aisle. Overlying ~70 m
of Tapeats Sandstone Is flexed to reflect contact relief. No clats in Tapeats appear 1o be derived from
local topographic highs.



Appendix C — Graphic Stratigraphic Log of Olo Canyon Area (River Mile 146) as Measured by
Rose (2006)

Wery pale gresnish gray bo el lowish gray o, stematheely, rusty punpie-brown
thintedded nodelar dolomiic sisions resemiing Sin-beddsd nodukar
dolosione and Imeshone expressed ower in section but difereing In color and
Ol Canmyon f=xture. Texture b5 paichy bend of dull very Ane-grained st and purpiish Tieety
rystaline fo sugary dolomie with no dsinct mobing or bedding. Carbonaies
(Mile 145.5; no GRS reading) pecome mors Hocky and massie up sechon, with Taint wavy minafions,
red-orange palica ke cverying Redwall Limssions or desert vaenish, s
wery pake lavender color with porcelain fevture. Gradstional lossr conlact

Mazsive blocky motlied Imestone {index 2-3) at base secion In bed 3-S5
dim, with tin-bedded bo nodular motisd (ndex 1] Imesions snd Inferbedded

pale greenish-gray o peliowish gray fainily laminar siistone commaon o
diominant up sechion In beds 2-7 om Sick. Commonty foms it

Lirmy dark gray-gresn sineciunsiess to fainty laminar orumitly sisione with
wany 1.5 o ick contiruous bead of Tinefy cryestaline by sugary dark gresnish
gray Imestone In mid-saclion. Foms prominent recess.

Bilocky, lamirar, or (raneiy) roduksr dull gray very finely orystaline o
crypincrysialine Imestone or dolosions with 1-2 om thick inerbeds (mothes of
Index 1) of very pale ollve 1o yelowish gray finely aminar sifsions. Sit-Sled
ernded bases of U-shaped bumows. (Arenicoioides) common o abundant on
exposed bedding planes. Commonly forms resistant Ciif,

Muay Farrmaion

Thirrbesdded o nodular mottied Imestione or dolossiones Inbeds 1-3 om hick st
base, mcreasing i thickness o 2-6 dm above 730 m, with inlerbedded Sat-
pebbie conglomarste decressing In ocoumencs wp-section. Motiing Increasss
up-saction ofrom index 2-3 with rare Intact lsminar sity horzons, b index £-C o
absent mofing In icker blocky beds above 73,0 m. Ripples on expased

730 | I - bedding piane at 5.2 appear 2-0 and reguiany spaced at § dm apart and 5
o In de, aiong a stike of 105", Forms siope i minor resistant

65.2 jedige of { o) blocky Rorzon ak 75.0 m.

SET

Thir-bedded to nodular imesions or dolosions, In beds -4 om Sick foming
broad “patics™ that sisswhere may be expressed a3 3 sieep slope. Top of
saclion Is a4 dm ik parting couplet of hinner bedded (2-15 mm)
Irierbecded nodelar motied Imestone and giauconiic laminar platy siistone

saparaied by & 1 dm hick Niat-pebble cong lomerabe.

By and thir-besdded motiied Imesfone or dokosione, dull, gray, and finefy
onysialine o aphanitic, foming sickrock porge Thist may efseshens be
expressed as 3 CIT. Nodular beds at top of section approsch Tat-pebbis
conglomarate In apEarancE,

By bedided fo Biocky amd ransly nodulsr mofed Imestone or dolosione
ndex 2-3], dull gray, finely crystaline and posderny when crushed, in Deds 3-
15om thick, decreasing In thickress b 3-S5 om and becoming slghily paler
gray aboye 38T mu Mofles are darker gray o yelowish-gray and sty Very
pals gresnlsh-gray dul chalky siisiores cocurs a5 maiis betwesn mesions
nodules, most prominenthy and rsceably at 257 moand 41.0 m. Forms upger
part of walerfal betsssn 21,2 m and 274 m and ledgy s ickmok goepe
betwesn 27 0 mand 357 m that may sisswhene be expressed as O and
sisap sope above rounded “bulnosed” oRT seen & base of Muay SopE near
mouin of O Canyon.

Thin-beddesd to nodular motted Imesione or dolosions In beds 2-5 om thick
and wavy. Dul gray, very Tinely crysialine fo aphaniic, with motties of darker
pray or rusi-selow and sify. Interbedd=d Aney lamirar dark greenlsh-gray
siiisions In wavy reguiar beds 0.5~ om ooour varously every 3-5 om and are
bsberaity disconbnucis oser =ns of melers. At 147 m s cif-slopes break
expressed in Do Cangon as the frst amphiihesber betaesn 14.7 m and 132
m wiere imestone Eddng Is 055 om {modalty 2-3 om]) Thick. A fow of e
maoitiied beds apmeoach flat-pebbie conglomeraie in appeaancos, but these are
rare and gradational ko other motted forms.

Plaky, forest-green glauconilic siksions with nferedded fine sandy Imestone
or dolostone grading up-s=chon o thin-bedded 1o nodelar motied dul gray
wery finely crysialine o aphanfic lmesiones, becaming dominant [hology at
bop ~3 m of secion. Indetemminate ws=mfom bedding plane traces at bas= of
section diminish in sase of recognibon up-seciion. Foms clff which s
ascended by 7.2 morome




Appendix D — Graphic Stratigraphic Log of Diamond Creek Area (River Mile 226) as Measured by
Rose (2006)
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Appendix E — Locations and Petrographic Descriptions of Muav Formation Samples

The thin sections of the rock samples for this study were all mounted on standard 1.5 inch (~38 mm) long
by 1.0 inch (~25 mm) wide glass microscope slides. Before the slices were cut from the rock samples
using a diamond saw, the rock samples were impregnated under confining pressure with epoxy resin that
contained a blue dye. This ensured that grains did not get dislocated or the rock fabrics get distorted
during the sawing of the slices. However, this process left the thin sections with a blue dye staining as the
surrounding background and in any holes or pores within the rock fabrics. Before cover slips were added,
the thin sections were stained so as to make the K-feldspar and calcite in the rock fabrics more easily
distinguished. Thus, the K-feldspar grains have a distinctive yellow color and the calcite is pinkish in

plane polarized light.

The high resolution digital images of the whole thin sections (reproduced below) were obtained using a
digital scanner that had been programmed accordingly. When the rock samples were collected in the field
the right sides up (tops) were carefully marked, so that the thin sections were cut perpendicular to the
bedding and stratigraphic upwards was marked on the thin sections. Consequently, all the images of the
whole thin sections below are oriented with stratigraphic upwards always being to the top of the pages.
Thus, most of the whole thin sections are reproduced lengthwise vertically, while some are oriented
lengthwise horizontally, so that always stratigraphic upwards is at the top of each image (as annotated
with an arrow). Carefully following this procedure allowed for observation of sedimentation features such
as bedding planes, cross-laminations and laminae, as well as the sorting and grading of grain sizes.
Furthermore, because the images were cropped to remove extraneous details (such a labels) and then
sized equally when placed with their respective petrographic descriptions below, a scale bar has been

annotated to each image.

Regional Samples

MLS-01  N36°23.543° W 112°37.581° (N 36.392° W 112.626°)

RM 143.5 —river left ledges just above Kanab Rapid.

Massive, bedded limestone of the Kanab Canyon Member.

At normal scale, this rock in the thin section is a mud-supported limestone in which there are a variety of
grains and grain sizes in sufficient quantity for the rock to be classified as a wackstone, a mud-supported
limestone with >10% clastic grains. While the quartz and K-feldspar grains and muscovite flakes within

this rock are not very visible at this scale they constitute about 4% of the rock, while mostly rounded



clasts composed of calcite or dolomite easily
constitute >6% of it, all set in a micrite
“groundmass”. Calcite constitutes 65% of the rock
and dolomite ~31%. The carbonate clasts vary in size
up to ~4 mm, many of which appear to be composed
of micrite (calcite mud) and most of them are
rounded. Many of the smaller micrite clasts are
elongated and would appear to be biogenic, largely
shell fragments derived from bivalves and
brachiopods, or micrite surrounding a nuclear shell
fragment. The biogenic clasts are generally rounded,
suggestive of transport before deposition. Partial
dolomitization of the micrite appears to have
occurred in three ways — dolomite totally replacing
some of the biogenic clasts, scattered dolomite

replacing the micrite between the clasts, and massive

dolomite replacement of an area of the micrite

between the clasts.

Under the microscope, the rock consists of a densely packed mosaic of very tiny (mud-sized) particles
(0.01-0.03 mm, ¢ =+6.72 - +5.01) of calcite (micrite) variably iron-oxides-stained in various patterns
(often circular or oval), with subordinate scattered tiny to very small (0.02-0.06 mm, ¢ = +5.71 - +4.05),
and some small (0.07-0.12 mm, ¢ =+3.77 - +3.06), small-medium (0.14-0.24 mm, ¢ = +2.84 - +2.06),
medium-large (0.26-0.32 mm, ¢ = +1.95 - +1.65) and large (0.39-0.56 mm, ¢ = +1.36 - +0.83), dolomite
sub-angular grains, fragments and rhombs (some “skeletal” with internal growth zones marked by iron
oxides), and scattered occasional tiny to small (0.01-0.20 mm, ¢ = +6.72 - +2.33, fine silt to fine sand
size) sub-angular to rounded quartz grains and fragments, even fewer tiny to very small (0.01-0.10 mm, ¢
=+46.72 - +3.32) sub-angular to sub-rounded K-feldspar grains, and rare very small-small (0.03-0.19 mm
long, ¢ =+5.01 - +2.40) edge-on muscovite flakes within the calcite mosaic. Some scattered specks and
tiny patches of iron oxides, and most dolomite grains and rhombs are outlined by iron oxides, with iron
oxide also delineating internal growth zones within rhombs. In places the dolomite grains, fragments and
rhombs are clumped together with tiny patches of the calcite matrix between them, often small and very
small ones clumped together separately, but all outlined by iron oxides and dusted with light iron oxides
streaks. Adjacent to and surrounding several such very large clumps (1-5 mm across) of very small and

small dolomite grains and rhombs are small and long, thin edge-on muscovite flakes at various angles



wedged between tiny-very small dolomite grains and rhombs within the calcite matrix with subsidiary
tiny quartz grains and fragments and even fewer tiny K-feldspar grains and fragments aligned with them
and amongst them closely scattered within the calcite matrix like a “halo”. Numerous very small edge-on
muscovite flakes and a few tiny subangular K-feldspar grains and fragments are wedged at various angles
between the mass of very small and small dolomite grains and rhombs jammed tightly together in the
interior of the very large clumps. Within the calcite matrix are medium and large blotchy and linear
patches of very small-small (0.04-0.23 mm, ¢ = +4.64 — 2.13) calcite crystals with no iron oxides staining
evident, all likely due to recrystallization. Some curved, linear, V-shaped and flattened ovoid zones within
the calcite matrix, sometimes enclosing iron-oxides-stained dense calcite matrix, that are free of iron
oxides staining and consist of very tiny to very small, recrystallized calcite crystals give the impression of
being edge-on slices through brachiopod, bivalve or some other fossil shells. There are also circular and
ovoid shaped patches of iron-oxides-stained dense calcite matrix surrounded by non-iron-oxides-stained,
tiny-very small, recrystallized calcite crystals. In one huge circular area are numerous large (0.39-0.56
mm, ¢ =+1.36 - +0.83) (and smaller near the curved edge) dolomite rhombs packed tightly together set in
the calcite matrix with nearby scattered tiny and small dolomite rhombs with internal growth zones
marked by iron oxides (sometimes known as skeletal rhombs), and a few very tiny quartz grains and rare
very tiny K-feldspar grains wedged between the rhombs. In several instances very small angular K-
feldspar grains and tabular laths, and tiny quartz fragments are included in medium dolomite rhombs.
Sometimes the larger dolomite rhombs appear to have the calcite matrix encroaching on their edges, while
others have the pinkish calcite stain, suggesting some partial calcite replacement of some dolomite grains
and rhombs. Even some of the quartz grains appear to have their edges coated with calcite, further
suggestive of some partial calcite replacement. In places some of the dolomite rhombs, particularly the
larger rhombs are broken with offset fragments still together. In another place there is a large, rounded
clump of tightly interlocking small to small-medium dolomite thombs dusted with, and cleavages marked
by, iron oxides, and with a touch of pink staining in spots perhaps indicative of some partial calcite
substitution, surrounded by the calcite matrix with a few tiny quartz and K-feldspar fragments, and more
dolomite rhombs, nearby. And some clumps of dolomite rhombs appear to have been somewhat broken
apart with, or due to, some calcite substitution or replacement. In yet another area there is a very large
circular zone within the dense iron-oxides-stained calcite matrix in which there are curvilinear and
irregular features of the same dense iron-oxides-stained calcite matrix but in between there is
recrystallized calcite as tiny non-iron-oxides-stained crystals, as well as several very small, medium and
large iron-oxides-stained dolomite rhombs. There are no pores apparent, but the sample was impregnated
accompanied by blue dye staining before the thin section was cut, so there is occasional blue dye staining

between and encroaching on some grains, sometimes covering grains and thus distorting their colors.



MLS-02  N36°19.383° W 112°43.301° (N 36.322° W 112.722°)

RM 153.6 — river right just above Sinyella Rapid

Massive, bedded limestone of the Gateway Canyon Member. Maybe styolites in Muav Formation nearby.
At normal scale, this rock in the
thin section is also a mud-
supported limestone in which
there are a variety of grains and
grain sizes in sufficient quantity
for the rock to be classified as a
wackstone. While the quartz and
feldspar grains and muscovite
flakes within this rock are not
very visible at this scale, they

constitute about >25% of the

rock, while much of the rock
consists of calcite (~69%) predominantly as micrite “groundmass” but also as micrite in elongated and
subrounded biogenic clasts, probably bivalve and brachiopod shell fragments. Elongated irregular patches
within the rock, recognizable due to their different lighter color, appear to consist of coarser-grained
quartz, feldspar and muscovite with fewer calcite grains and thus may be a primary depositional feature.
Dolomite constitutes ~2% of the rock and may be secondary alteration of calcite, though some thin calcite
veins are visible in fractures suggesting some later calcite mobilization. Other fractures appear to be lined
by iron oxides and illite.

Under the microscope, scattered tiny to very small (0.02-0.18 mm, ¢ = +5.71 - +2.48) sub-angular to sub-
rounded K-feldspar and quartz grains and angular fragments, and occasional tiny-very small to long
(0.04-0.42 mm, ¢ = +4.64 - +1.25), thin edge-on muscovite flakes (at various angles but often parallel to
the bedding, sometimes broken, and sometimes with split and/or frayed ends) are set in an ultra-fine-
grained (0.03-0.12 mm, ¢ = +5.01 - +3.06, mud-fine silt particle size) calcite matrix with speckled iron
oxides dusting and small blotches and streaks of iron oxides, some of the streaks potentially being altered
edge-on muscovite flakes. Some quartz and K-feldspar grain edges are fuzzy due to the encroachment of
pink staining on them which may be due to calcite alteration or iron oxides linings. In some sections of
the rock fabric the density (or numbers) of tiny to very small K-feldspar and quartz grains and angular
fragments, with rare plagioclase grains (evident from the multiple twinning under crossed polars), is much
higher than in other sections, and with the occasional thin edge-on muscovite flakes and very small iron

oxides blotches make up more than 60% of the rock. Where the calcite matrix is less iron-oxides-stained



some scattered or clumped together tiny calcite crystals are evident and elsewhere there are large such
patches, some irregularly-shaped, or thick linear areas where the calcite matrix has recrystallized to form
small-medium (0.20-0.30 mm, ¢ =+2.33 -+1.75) bladed tabular calcite crystals at various angles grouped
together or medium and large (0.38-0.70 mm, ¢ = +1.39 -+0.52) interlocking platy and sub-euhedral
calcite crystals with different extinction angles grouped together, sometimes in unusual patterns enclosing
iron-oxides-stained blotches. It is possible that a few scattered tiny and very small carbonate thombs may
be dolomite, with or without iron oxides staining. Elsewhere very small or small recrystallized non-iron-
oxides-stained calcite crystals are either thinly scattered or regularly spaced densely through the ultra-
fine-grained iron-oxides-stained calcite matrix, with the scattered small iron oxides blotches still present,
and sometimes patches of the cleaner recrystallized calcite grains merge with the surrounding iron-
oxides-stained dense calcite matrix. The general iron oxides staining sometimes encroaches on the K-
feldspar and quartz grains, but in some instances may be accompanying possible illite alteration of the
edges of the K-feldspar grains and perhaps also of the edge-on muscovite flakes. In a fracture zone
parallel to the bedding the calcite matrix has been recrystallized into long linear patches that like the
edge-on muscovite flakes parallel the fracture zone and the bedding, while the illite alteration of K-
feldspar grains seems more pronounced and there appear to be some tiny iron-oxides-stained dolomite
rhombs. In some places very small, small and small-medium (0.06-0.24 mm, ¢ = +4.05 - +2.06)
“skeletal” dolomite rhombs (iron oxides coating the cores with “clean” outer growth zones) are randomly
disturbed in the calcite matrix, perhaps appearing to be the result of growth from altering the calcite in
which they are solidly wedged in continuum with the calcite matrix of very small-small crystals,
evidenced in some instances by what appears to the dense iron-oxides-stained calcite matrix in the cores
of the dolomite rhombs. Very scattered, very small and small grains which have a blotchy appearance due
to light iron oxides staining probably accompanying illite alteration may possibly be plagioclase. Some
large areas where the iron oxides staining of the calcite matrix and the scattered K-feldspar and quartz
grains included in it is very intense, though some grains and the thin edge-on muscovite flakes are still
visible. Several distinctive sharp-edged, thick linear, long and very long curvilinear, and “worm-like”,
non-iron-oxides-stained zones of recrystallized(?) calcite matrix shaped like the cross-sections of various
different fossil shells (bivalves and brachiopods) sit firmly wedged in the dense iron-oxides-stained
calcite matrix. Sometimes these possible cross-sections of fossils shells seem to be broken fragments.
Two relatively thick, what appear to be, “clean” calcite veins cross-cut the rock fabric almost
perpendicular to the bedding. There are no pores apparent, but the sample was impregnated accompanied
by blue dye staining before the thin section was cut, so there is occasional blue dye staining between and
encroaching on some grains, sometimes covering grains and thus distorting their colors, as well as along

hairline fractures and fracture zones.



MLS-03 N36°11.633° W 113°05.433° (N 36.194° 113.091°)
RM 180.2 — river left below Son of Lava Rapid, 1 foot (0.3 m) below the tuff bed sampled for the RATE
zircon fission-track ages study (Snelling 2005b). Top of the Peach Springs Member of the Muav

Formation.

At normal scale, this rock in the thin section
almost looks like a carbonate breccia, but
closer scrutiny indicates that it is also a micrite
(calcite mud) supported limestone that can best
be classified as a wackstone because of its
content of quartz, K-feldspar and muscovite
grains of ~25%, with remainder of being
calcite (~71%) and dolomite (~3%). The upper
part of the sample (left) shows the original
depositional laminated bedding. So, the

irregular patches in the remainder of the

: : sample are suggestive of lighter-colored calcite
recrystallized (most likely post—depdéiﬁon) omrthe dafker—colored micrite that constitutes the laminated
limestone in the upper part of the sample. Many of the pink curvilinear fragments appear to be fossil
shells fragments of bivalves and brachiopods, though other such biogenic clasts are rounded. The
scattered dolomite likely replaces calcite grains, and some pink streaks would appear to be calcite
veinlets, suggesting calcite remobilization also.

Under the microscope, scattered tiny to very small (0.02-0.15 mm, ¢ =+5.71 - +2.75) sub-angular to sub-
rounded and sub-euhedral K-feldspar grains (sometimes exhibiting cross-hatched twinning under crossed
polars) and tiny to very small-small (0.02-0.22 mm, ¢ =+5.71 - +2.19) sub-angular to sub-rounded quartz
grains and angular fragments (some quite elongated and long), with many scattered very small to very
long (0.04-0.76 mm, ¢ = +4.64 - +0.40), thin edge-on muscovite flakes (at various angles but often
parallel to the bedding, and are sometimes bent) and numerous evenly scattered very small blotches of
iron oxides, set in an ultra to fine-grained (0.02-0.12 mm, ¢ =+5.71 - +3.06, mud-coarse silt-very fine
sand particle size) densely packed calcite matrix which is variably stained with iron oxides, sometimes
lightly but otherwise heavily dusted. Long, thin streaks of iron oxides appear to be due to alteration of
some edge-on muscovite flakes. There are long and very long (up to 3 mm), sharply-defined, thick linear
and curvilinear areas where the micro-crystalline calcite matrix is clean of iron oxides staining that would
appear to represent the cross-sections through various different fossil shells (bivalves and brachiopods)

and sit firmly wedged in the otherwise variously iron-oxides-stained calcite matrix. One occurrence of an



ovoid area of tiny spots of clean micro-crystalline calcite matrix is also suggestive of representing the
cross-section through some micro-fossil. Some of the calcite matrix appears to be recrystallized as tiny
“clean” (non-iron-oxides-stained) calcite crystals, often scattered evenly through the calcite matrix. The
edges of some K-feldspar grains appear to be altered, probably to illite. Some areas of the calcite matrix
have been recrystallized to clean (non-iron-oxides-stained) interlocking small to medium (0.14-0.35 mm,
¢ =+2.84 - +1.50) and large (0.47-0.65 mm, ¢ = +1.09 - +0.58) calcite crystals at different extinction
angles, while other areas of the matrix are also recrystallized to calcite crystals, but they are small-
medium and variably lightly stained with iron oxides, sometimes with a stark sharp linear boundary with
the adjoining densely iron-oxides-stained ultra to fine-grained calcite matrix, and sometimes grading
gradually into the regular calcite matrix or the smaller-grained recrystallized calcite matrix. One area
consists of a very large platy calcite crystal with very few K-feldspar and quartz grains embedded in it,
but with remnants of the regular ultra-fine-grained calcite matrix (with more K-feldspar and quartz grains
set in it) from which it recrystallized. Several sharply defined areas of the densely iron-oxides-stained
ultra to fine-grained calcite matrix are ovoid in shape, surrounded by relatively “clean” recrystallized
matrix. Some areas of the densely iron-oxides-stained ultra to fine-grained calcite matrix contain a much
higher density (number) of tiny-very small K-feldspar and quartz grains and angular fragments so they
make up at least 60% of the rock fabric, but many of those grains have fuzzy edges due to illite alteration
or the calcite matric encroaching on them. Some small thin edge-on muscovite flakes transverse between
the densely iron- oxides-stained ultra-fine-grained calcite matrix and the areas recrystallized clean (non-
iron-oxides-stained) interlocking small to medium-large calcite crystals, and are included in the latter,
indicating the muscovite was not altered or impacted by the calcite recrystallization process. Several
medium and large recrystallized calcite crystals appear to be sub-angular to sub-rounded clasts that are
surrounded by a matrix consisting of small and very small calcite crystals (some of which also look like
clasts) with K-feldspar and quartz grains included and variable iron oxides staining and small blotches or
surrounded by the densely iron-oxides-stained ultra to fine-grained calcite matrix. A few areas of
recrystallized calcite matrix contain scattered and clumped tiny and very small (0.02-0.06 mm, ¢ =+5.71
- +4.05) dolomite rhombs, highlighted by blue dye staining from impregnation of the sample. Some of
these tiny and very small (blue-dye-stained) dolomite rhombs are clumped with tiny and very small,
recrystallized calcite grains around the inside perimeter within the circular cross-section of a fossil shell,
consisting of “clean” micro-crystalline calcite. There are no pores apparent, but the sample was
impregnated accompanied by blue dye staining before the thin section was cut, so there is occasional blue
dye staining between and encroaching on some grains, sometimes covering grains and thus distorting
their colors, as well as along hairline fractures and fracture zones.

Matkatamiba Fold (River Mile 148.8) Samples



N 36°23.553> W 112°37.558° (N 36.393° W 112.626°)
RM 148.8 — river right, near the base of the vertical cliff rising above the long, steep slope up from the

river-bank.

MFML-01 N 36°23.553° W 112°37.558" (N 36.392° W 112.626°)

Top of the Gateway Canyon Member of the Muav Formation, upstream away from the hinge zones of the
fold.

At normal scale, this rock in the thin section looks somewhat like are fine-grained carbonate siltstone
rather than a limestone, because its lighter color highlights its content dominated by quartz and K-feldspar
grains (~26 % each) accompanied by muscovite flakes (likely ~5%), the remainder being calcite (~22%)
and dolomite (~20%). As a limestone in outcrop and hand specimen this would be thus classified as a
wackestone, a mud-supported limestone with >10% clastic grains. There is a clear indication of the
original bedding in the sample, so the fairly equi-granular rock fabric is clearly due to the original
deposition. Since calcite exhibits a pinkish stain, the calcite grains appear to be scattered through the rock

likely as cement, though there is a concentration of them in a patch (upper right in the thin section). The



lighter color of the rock would suggest the subordinate dolomite is also scattered through the rock fabric
and thus is likely replacing the calcite cement. The greenish tinge in scattered grains, streaks and fractures
likely represents post-depositional illite alteration, probably of K-feldspar as glauconite.

Under the microscope, scattered and sometimes
interlocking tiny to very small (0.03-0.14 mm, ¢ =
+5.01 - +2.84) and small (0.17-0.27 mm, ¢ = +2.57
- +1.90), angular and sub-angular to sub-rounded
quartz grains and fragments (often irregularly
shaped, sometimes even elongated, with fuzzy
and/or jagged edges) and tiny to very small (0.03-
0.15 mm ¢ =+5.01 - +2.75), sub-euhedral, angular
and sub-angular to sub-rounded K-feldspar grains
(some exhibiting striping under crossed polars),
former laths and fragments, with numerous tiny to
small in length (0.04-0.21 mm, ¢ = +4.64 - +2.25),
thin edge-on muscovite flakes at various angles

including some parallel to the bedding (sometimes

thicker with frayed ends or are bent) wedged
between other grains, are set in a dolomite matrix of tiny to very small (0.03-0.09 mm, ¢ =+5.01 - +3.47)
densely-packed grains that are stained with iron oxides, which is minor in some areas but is a major part
of the rock fabric in other areas, and occasionally in those areas where the dolomite matrix is major it has
been recrystallized into very small to large (0.11-0.76 mm, ¢ =+3.19 - +0.40) irregularly-shaped and
raggedly-shaped or sub-euhedral to sub-angular crystalline patches (or sometimes micro-crystalline
patches that have included other mosaic grains in them) or crystals that still cement some of the mosaic,
or has been recrystallized into tiny, very small and small (0.03-0.23 mm, ¢ =+5.01 - +2.13) rthombs
outlined by iron oxides. Additionally, there are occasional scattered tiny and very small (0.04-0.12 mm, ¢
=+4.64 - +3.06), sub-angular calcite grains that appear to be detrital and/or cement/matrix and dominate
in some areas instead of the dolomite cement, and occasionally there are small to medium (0.14-0.48 mm,
¢ =+2.84 - +1.06), elongated and thick micro-crystalline calcite grains that are at various angles and
appear to be cross-sections through fossil shells (bivalves and brachiopods). In some cases, what is likely
recrystallized calcite matrix occurs as long and thick, ragged-edged, or round irregular-edged (framboid-
like with possible sieve-like texture), micro-crystalline masses that are also iron-oxides-stained,
particularly around their edges and sometimes weave their way between other mosaic grains. Some of the

K-feldspar grains are stained green, possibly indicating some illite alteration to glauconite (0.04-0.22 mm,



¢ =+4.64 - +2.19), while several tiny-very small (0.04 mm, ¢ = +4.64) rounded heavily iron-oxides-
stained grains with high relief and high birefringence are likely zircon. Occasional very small irregular
heavy iron oxides blotches are scattered within the rock fabric between and encroaching on various
mosaic grains. Sometimes the dolomite matrix and/or the recrystallized dolomite rhombs encroach on the
edges of other mosaic grains. Where the quartz and K-feldspar grains are interlocking, including quartz
grains with other quartz grains and K-feldspar grains with other K-feldspar grains, the edges often meet at
triple points. In some places the calcite grains between the other mosaic grains are more numerous and
become the dominant though still minor matrix/cement. Some quartz grains have internal “ghost” outlines
of faint iron oxides suggesting some overgrowths in optical continuity have cemented adjoining quartz
and K-feldspar grains, which do occur in clumps, which means some silica cementing has occurred along
with, likely prior to, the carbonate cementing. Sometimes the large (0.47-0.76 mm, ¢ =+1.09 - +0.40)
crystals probably produced by recrystallization of the dolomite matrix have portions on their fringes or
their centers (cores) that are calcite (as evidenced by the pink stain), which possibly suggests that the
dolomite may have replaced the calcite or the calcite has replaced the dolomite, possibly the former. In
several places the dolomite matrix of tiny densely-packed grains occur in thick bands between the other
mosaic grains that are heavily stained with iron oxides, but within the bands are numerous tiny to small
(0.04-0.21 mm long, ¢ = +4.64 - +2.25), thin edge-on muscovite flakes parallel to them. In other places
the long and thick micro-crystalline grains that appear to be cross-sections through fossil shells consist of
iron-oxide-stained microcrystalline dolomite which must have replaced the original microcrystalline
calcite. Finally, one area of the rock fabric is dominated by carbonate, with a few scattered quartz, and K-
feldspar grains (some greenish from illite alteration) and rare edge-on muscovite flakes embedded in a
dominant mass of recrystallized calcite (generally micro-crystalline) cement, with several large dolomite
rhombs, some incompletely grown with the appearance of having grown to replace the massive area of
calcite cement (one with an apparent microcrystalline calcite core), as some of the scattered quartz and K-
feldspar grains are also embedded in the rhombs. There are no pores apparent, but the sample was
impregnated accompanied by blue dye staining before the thin section was cut, so there is occasional blue
dye staining between and encroaching on some grains, sometimes covering grains and thus distorting

their colors, as well as along hairline fractures.

MFML-02 N 36°20.5577 W 112°40.701° (N 36.343° W 112.678°)

Top of the Gateway Canyon Member of the Muav Formation 47.5 m (156 feet) along the bed
west/downstream of sample MFML-01.

At normal scale, this rock in the thin section again looks somewhat like are fine-grained carbonate

siltstone rather than a limestone, which is to be expected because it is from the same stratigraphic interval,



47.5 m laterally from the previous sample. Its
lighter color highlights its content dominated by
quartz (~28%) and K-feldspar (~25 %) grains
accompanied by muscovite flakes (likely <1%),
the remainder being calcite (~20%) and dolomite
(~27%). As a limestone in outcrop and hand
specimen this would be thus classified as a
wackestone. The original bedding is clearly
evident in the sample as parallel laminations, so
the fairly equi-granular rock fabric is clearly due
to the original deposition. Since the calcite

exhibits a dark pinkish stain, the calcite grains

appear to be scattered through the rock likely as
cement, though there are concentrations of them in streaks that appear to follow the laminations. The
lighter color of the rock would suggest the more dominant dolomite is also scattered through the rock
fabric and thus is likely replacing the calcite cement. The greenish tinge in scattered grains and streaks
likely represents post-depositional illite alteration, probably of K-feldspar as glauconite.

Under the microscope, scattered and sometimes interlocking tiny to very small (0.03-0.14 mm, ¢ = +5.01
- +2.84), angular and sub-angular to sub-rounded quartz grains and fragments (often irregularly-shaped or
even elongated), and tiny to very small (0.03-0.15 mm, ¢ = +5.01 - +2.75), angular and sub-angular to
sub-rounded K-feldspar grains, with occasional tiny to small (0.04-0.20 mm long, ¢ = +4.64 - +2.33), thin
or sometimes thick, edge-on muscovite flakes at various angles (but often parallel to the bedding,
sometimes degraded and sometimes with frayed ends and/or are bent) wedged between the other grains,
are set in a dolomite matrix of very small (0.09-0.12 mm, ¢ =+3.47 - +3.06) densely-packed grains, or
sometimes scattered very small rhombs, or sometimes patches consisting of several grains or rhombs, that
in each case are stained with iron oxides, but also with occasional minimally iron-oxides-stained small
(0.15-0.20 mm, ¢ = +2.75 - +2.33), medium (0.26-0.36 mm, ¢ =+1.95 - +1.46) and large (0.44-0.63 mm,
¢ =+1.15 - +0.67) recrystallized dolomite sub-euhedral to irregular patches that have mosaic quartz and
K-feldspar grains embedded in them, and then also some iron-oxides-stained very small to small-medium
(0.04-0.20 mm, ¢ = +4.64 - +2.33), irregular sub-round calcite grains, some of which look like framboids
and have their perimeters surrounded by dolomite suggesting dolomite replacement of calcite. Indeed,
some of the dolomite patches also have pink-stained calcite cores. In some places, medium to large
clumps of the very small densely-packed dolomite matrix grains have cores areas with the pink stain

indicative of calcite, so this is also evidence that dolomite has replaced calcite. Iron oxides not only stain



the dolomite matrix heavily, but also occurs as tiny, small and medium blotches between grains and
covering other grains. Where the quartz and K-feldspar grains are clumped together and interlocking,
sometimes in bands across the rock fabric, the grains have irregular shapes, so their edges often meet at
triple points. This indicates that the original quartz grains have been overgrown in optical continuity,
sometimes with “ghost” outlines but often without leaving any, thus cementing the adjoining quartz and
K-feldspar grains, which means some silica cementing occurred along with, and likely prior to, the
carbonate cementing. Some areas are dominated by the mosaic of quartz and K-feldspar grains with
scattered, similar-sized calcite (pink-stained) and dolomite (iron-oxides-stained though with some
retained pink staining) between them, whereas adjoining areas are dominated by densely-packed very
small dolomite grains and occasional rhombs (all iron-oxides-stained though with some retained pink
staining indicative of some calcite content) with only a few scattered tiny to very small quartz and K-
feldspar grains, though both areas contain occasional tiny to small, thin edge-on muscovite flakes parallel
to the bedding. Other areas of both scattered and clumped quartz and K-feldspar grains are dominantly
cemented by tiny to very small calcite grains and irregularly interstitial small patches, or larger patches of
adjoining grains, that are heavily iron-oxides-stained, though some dolomite grains are also present
(heavily iron-oxides-stained too). Several huge patches or bands of recrystallized dolomite consist of
large, minimally iron-oxides-stained, sub-euhedral “platy” crystals adjoining one another and generally
meeting at triple points with minimal inclusion of other mosaic grains which peripherally abut and
impinge on the bands/patches — quartz, K-feldspar and heavily iron-oxides-stained calcite grains. In
another area the rock fabric is dominated by carbonate grains/crystals as cement — small and medium
recrystallized minimally iron-oxides-stained dolomite crystals, small “rosettes” consisting of pink-stained
calcite cores surrounded by overgrown “clean” dolomite, and very small iron-oxides-stained, pink-stained
calcite grains, with only scattered very small quartz and K-feldspar grains. Occasional heavily but
uniformly spread dark brown iron-oxides-stained large irregularly shaped dolomite patches between
medium “clean” dolomite patches and crystals, and surrounding quartz, K-feldspar and calcite grains.
Calcite replaces or coats several small or long, thick, bent or broken edge-on muscovite flakes with frayed
ends, and also in the same areas is scattered as interstitial cement in grains and elongated irregular patches
weaving between other mosaic grains. There are no pores apparent, but the sample was impregnated
accompanied by blue dye staining before the thin section was cut, so there is occasional blue dye staining
between and encroaching on some grains, sometimes covering grains and thus distorting their colors, as

well as along hairline fractures.



MFML-03 N 36°20.408 W 112°40.497° (N 36.340° W 112.675°)

Top of the Gateway Canyon Member of the Muav Formation 13.5 m (44 feet) along the bed

west/downstream of sample MFML-02.

At normal scale, this rock in the thin
section again looks somewhat like are fine-
grained carbonate siltstone rather than a
limestone, which is to be expected because
it is from the same stratigraphic interval,
13.5 m laterally from the previous sample.
Its lighter color highlights its content
dominated by quartz (~39%) and K-
feldspar (~26 %) grains accompanied by
muscovite flakes (likely <1%), the
remainder being calcite (~31%) and

dolomite (~3%). As a limestone in outcrop

and hand specimen this would be thus classified as a wackestone, a mud-supported limestone with >10%
clastic grains. The original bedding is very clearly evident in this sample as parallel laminations, some
closely-spaced, while there is also a hint of some cross-laminations, so the fairly equi-granular rock fabric
is clearly due to the original deposition. Since the calcite exhibits a dark pinkish stain, the calcite grains
appear to be scattered through the rock likely as cement, though there may be concentrations of them
following the laminations. The lighter color of the rock reflects the high quartz grain content but would
also suggest the very subordinate dolomite is also scattered through the rock fabric and thus is likely
replacing some of the calcite cement. The minor greenish tinge in scattered grains and streaks likely
represents post-depositional illite alteration, probably of K-feldspar as glauconite.

Under the microscope, an interlocking mosaic dominated by tiny to very small (0.02-0.12 mm, ¢ = +5.71
- +3.06), angular and sub-angular to sub-rounded quartz grains and fragments, and subordinate tiny to
very small (0.02-0.11 mm, ¢ =+5.71 - +3.19), angular and sub-angular to subrounded K-feldspar grains
and laths (occasionally exhibiting cross-hatched twinning under crossed polars), with many tiny to small-
medium in length (0.03-0.33 mm, ¢ =+5.01 - +1.60), thin or thicker, edge-on muscovite flakes at various
angles (but often parallel to the bedding, sometimes several stacked on top of one another, and sometimes
bent or broken, and/or with frayed ends) wedged between the other grains, and numerous scattered tiny to
very small (0.03-0.13 mm, ¢ =+5.01 - +2.95) interstitial calcite grains and occasional rhombs, pink-
stained and often iron oxides stained (sometimes heavily), usually isolated between other mosaic grains

but sometimes connected to one another in small to very large patches (the latter with tiny quartz grains



embedded in them), all acting as cement. Where the quartz and K-feldspar grains are usually interlocking,
and sometimes clumped together, the grains have irregular shapes, so their edges often meet at triple
points. This indicates that the original quartz grains have been overgrown in optical continuity without
leaving any “ghost” outlines, thus cementing the adjoining quartz and K-feldspar grains, which means
some silica cementing occurred along with, and likely prior to, the carbonate cementing. Occasional
scattered very small (0.04-0.12 mm, ¢ = +4.64 - +3.06), sub-angular to rounded, often irregularly-shaped,
“clean” or lightly to heavily iron-oxides-stained dolomite grains and rhombs (some large enough to show
“skeletal” zoning of growth zones), and sometimes in clumps, are wedged between the other mosaic
grains adding to the carbonate cement, sometimes with pink stains within them indicating possible partial
replacement of original calcite. Otherwise, some calcite grains have tiny spots of dolomite replacement
around some of their edges, while sometimes the calcite and particularly dolomite cement appears to
encroach on mosaic grains such as quartz. Occasional scattered very tiny-tiny irregularly-shaped iron
oxide blotches are between mosaic grains but sometimes encroach on them. Rare greenish-stained, tiny to
very small (0.03-0.06 mm, ¢ =+5.01 - +4.05), subrounded K-feldspar(?) grains and fragments may be
partially altered to illite or glauconite. A large irregularly-shaped patch of recrystallized calcite engulfs
several mosaic quartz and K-feldspar grains as well as including some “clean” dolomite grains, so
perhaps this recrystallization happened after dolomitization of some of the calcite. The rock fabric has a
general lamination/layering parallel to the bedding marked by lineations with lined up edge-on muscovite
flakes, quartz grains and other mosaic grains, and the interstitial calcite and dolomite cement. There also
appears to be some subtle variations in the sizes of the mosaic grains, particularly quartz, with some
bands/areas/laminae having generally slightly larger grains, dominantly very small quartz and K-feldspar
grains and “cleaner” calcite and dolomite cement grains, whereas other bands/areas/laminae are
dominated by tiny mosaic grains and iron-stained carbonate cement grains. There are no pores apparent,
but the sample was impregnated accompanied by blue dye staining before the thin section was cut, so
there is abundant blue dye staining between and encroaching on many grains, sometimes covering grains

and thus distorting their colors, as well as along hairline fractures.

MFML-04 N 36°20.462° W 112°40.655° (N 36.341° W 112.678°)

Top of the Gateway Canyon Member of the Muav Formation 7.5 m (24 feet) along the bed
west/downstream of sample MFML-03. Area of most intense folding.

At normal scale, this rock in the thin section is different to the previous samples at the same stratigraphic
interval, even though this sample is only 7.5 m away from neighboring sample MFML-03. While there
are laminae of the same fine-grained carbonate siltstone, there are alternating laminae of micrite (calcite

mud). And within these laminae are even finer thin laminae, sometimes also alternating between



carbonate siltstone and micrite.
It is also immediately apparent
that very soon after deposition
these laminae were disturbed,
as some of the fine-grained silt
has moved through breaks in
the micrite laminae, intruding
like diapirs and veins, or
injectites. The dark pinkish
color through the rock is
indicative of its dominant

calcite content (~51%) with

subordinate dolomite (~17%),
the calcite grains not just being concentrated in the micrite laminae but are also scattered through the
finer-grained siltstone laminae, which also contain quartz (~12%) and K-feldspar (~15%) grains and
muscovite (>2%) flakes. Even so, as a limestone in outcrop and hand specimen due to its dominant
carbonate content, this rock essentially would still be thus classified as a wackestone due to its many
quartz and K-feldspar grains. An in it the primary depositional alternating laminae have been preserved,
along with the immediate post-depositional disturbance of some of the laminae.
Under the microscope, subordinate tiny (0.02-0.06 mm, ¢ =+5.71 - +4.05) K-feldspar and quartz grains
with irregular edges and shapes in an interlocking mosaic with dominant tiny (0.03-0.06 mm, ¢ =+5.01 -
+4.05) calcite grains as the cement, variably stained by iron oxides, which also occurs as scattered specks
between and mostly on grains. Occasional scattered tiny (0.03-0.06 mm long, ¢ = +5.01 - +4.05) thin
edge-on muscovite flakes are generally parallel the bedding. Laminae are evident in the rock fabric, the
main difference between some adjoining laminae appearing to be the intensity of the iron oxides staining,
because otherwise the make-up of the rock, including the scattered edge-on muscovite flakes, seems to be
essentially the same, although there often also appears to be some graded bedding, with slightly coarser
grains in the less iron-oxides-stained laminae compared with the slightly finer-grained mosaic in the more
intensely iron-oxides-stained laminae. In stark contrast, elsewhere some laminae consist of a much
coarser-grained mosaic of about equally dominant very small to small (0.07-0.14 mm, ¢ = +3.77 - +2.84)
sub-angular K-feldspar and quartz grains, and occasional very small to small (0.07-0.19 mm long, ¢ =
+3.77 - +2.40) thin edge-on muscovite flakes at various angles, with about equally dominant very small to
small (0.07-0.14 mm, ¢ = +3.77 - +2.84) interstitial calcite, and some tiny to very small (0.02-0.07 mm, ¢

=+45.71 - + 3.77) dolomite, grains as cement and variably iron-oxide-stained with scattered iron oxides



specks, although adjoining areas have dominantly interstitial carbonate cement (including some large
patches of it) or dominantly other mosaic grains. In adjacent areas the coarser-grained mosaic rock
material appears to have been “injected” between segments of the finer-grained mosaic laminae on either
side of them (both containing tiny edge-on muscovite flakes), which would thus have had to occur while
the rock was still soft and the carbonate cement not fully hardened. In the coarser-grained mosaic the tiny
to very small K-feldspar grains and laths and quartz grains and fragments are sub-angular to sub-rounded,
and with the occasional tiny to very small thin edge-on muscovite flakes at various angles and occasional
tiny iron oxides specks and blotches “float” in the dominant interstitial pink-stained calcite cement,
though some dolomite grains and rhombs (both “clean” and iron-oxides-stained) are also part of the
mosaic and may partially replace some tiny to very small (0.02-0.06 mm, ¢ =+5.71 - + 4.05) K-feldspar
grains, which rarely may instead be partially altered to (greenish stained) illite or glauconite. Variably
wide bands of recrystallized calcite, consisting of very small to small crystals (0.07-0.14 mm, ¢ = +3.77 -
+2.84), with very tiny quartz grains embedded in them sit parallel to and between the variably iron-
oxides-stained laminae, except where a mushroom-shaped “lobe” has “upwelled” into the adjoining
heavily iron-oxides-stained band/area. In one area the banded laminae of the rock fabric have been
disrupted at a steep angle, with the bands (which still include tiny thin edge-on muscovite flakes parallel
to the laminae) delineated by the variable intensity of iron oxides staining and the different grains sizes of
the mosaic and cement grains (very tiny versus very small), the latter including small, recrystallized
grains in some bands. Often within the bands/laminae the iron oxides staining, and the iron oxides specks
and coated grains help define the lineations parallel to the laminae boundaries. In another apparently
disrupted zone perpendicular to the bedding there is a large vein-like area of recrystallized small to
medium (0.16-0.23 mm, ¢ =+2.66 -+2.13) calcite crystals with different extinction angles and some tiny
quartz grains embedded in them changing laterally into the regular mosaic grains and interstitial calcite
cement, all between iron-oxide-stained “fractures” on either side. Similarly, there are two adjacent huge
circular areas of recrystallized small to medium crystals with different extinction angles with irregular
edges that merge with the surrounding regular mosaic grains and very small interstitial calcite and
dolomite cement grains. There are no pores apparent, but the sample was impregnated accompanied by
blue dye staining before the thin section was cut, so there is some blue dye staining between and
encroaching on some grains, occasionally covering grains and thus distorting their colors, as well as

associated with hairline fractures.



MFML-05 N 36°20.470° W 112°40.630° (N 36.341° W 112.677°)

Top of the Gateway Canyon Member of the Muav Formation 4 m (13 feet) along the bed
west/downstream of sample MFML-04. Area of most intense folding.

At normal scale, this rock in the thin section is
similar to the first three samples (MFML-01
through MFML-03) laterally nearby at the same
stratigraphic interval, but different from the
neighboring sample MFML-04 only 4 m away. It
looks somewhat like are fine-grained carbonate
siltstone rather than a limestone. Its lighter color
highlights its content dominated by quartz (~35%)
and K-feldspar (~17%) grains and muscovite
(<0.5%) flakes, but calcite (~44%) grains still
dominate with subordinate dolomite (~4%). As a
limestone in outcrop and hand specimen this would

be thus classified as a wackestone. The original

bedding is very clearly evident in this sample as
parallel laminations and bands, a few closely-spaced, while there is also a hint of some cross-laminations,
so the fairly equi-granular rock fabric is clearly due to the original deposition. Since the calcite exhibits a
dark pinkish stain, the calcite grains appear to be scattered through the rock likely as cement, though there
may be concentrations of them following the laminations. Dark pinkish calcite also fills thin post-
depositional fractures as veinlets cross-cutting the laminations and bands. The lighter overall color of the
rock reflects the high quartz grain content but would also suggest the very subordinate dolomite is also
scattered through the rock fabric and thus is likely replacing some of the calcite cement. The minor
greenish tinge in scattered grains and streaks likely represents post-depositional illite alteration, probably
of K-feldspar as glauconite.
Under the microscope, a tightly-fitting, interlocking mosaic of predominant tiny to very small (0.03-0.17
mm, ¢ =+5.01 - +2.57), angular and sub-angular to sub-rounded (some irregularly-shaped) quartz grains
and subordinate tiny to very small (0.03-0.15 mm, ¢ =+5.01 - +2.75), often irregularly-shaped, sub-
angular to sub-rounded K-feldspar grains and laths with occasional very small (0.04-0.17 mm, ¢ = +4.64 -
+2.57), and rare small (0.20-0.22 mm, ¢ = +2.33 - +2.19), thin edge-on muscovite flakes at various angles
but generally parallel to the bedding, scattered tiny to very small (0.03-0.18 mm, ¢ =+5.01 - +2.48), and
occasionally small (0.21-0.29 mm, ¢ = +2.25 - +1.80), irregularly-shaped grains in patches and stringers

of interstitial calcite cement (some variably iron-oxides-stained or sometimes recrystallized), the amount



of which varies through the rock, and occasional very tiny-tiny iron oxides specks. Often many of the
quartz grains are tightly clumped together with faint edges so the clumps look like single large grains, and
the junctions of their edges, and with the edges of adjacent K-feldspar grains, often meet at triple points.
With no pores this is indicative of quartz overgrowths to bind the grains together, even if there are no
“ghost” outlines of the original detrital grains. Similarly, some K-feldspar grains can be clumped together
with edges meeting at triple points, and with quartz grains and calcite cement too, some of the latter being
partially sub-euhedral. In some areas the mosaic quartz and K-feldspar grains are much smaller (tiny) and
are accompanied by likely dolomite alteration compared to general mosaic of very small grains. in
adjoining areas. Occasional very small (0.04-0.14 mm, ¢ = +4.64 - +2.84), sub-euhedral and sub-angular
to sub-rounded dolomite grains are wedged within the mosaic between quartz and K-feldspar grains,
possibly replacing the interstitial calcite cement and sometimes possibly mosaic K-feldspar grains. Some
very small (0.04-0.11 mm, ¢ =+4.23 - + 3.19) K-feldspar grains may be partially altered to greenish-
stained illite or glauconite. Thin parallel stringers and veins of calcite, sometimes accompanied by
elongated blotches and stringers of iron oxides, cross-cut the rock fabric approximately perpendicular to
the bedding and appear to fill fracture zones, sometimes close together or even anastomosing, in which
the adjacent quartz and K-feldspar grains are tiny and angular. Sometimes within these calcite veins
and/or accompanying them within the same vein or as a separate veinlet are what appear to be very small
sub-euhedral grains of dolomite that may either be replacing calcite or mosaic K-feldspar grains, so could
indicate minor dolomitization as a late effect. Sometimes this dolomite alteration accompanying a calcite
vein network also spreads into the adjoining mosaic (which may also be smaller-grained zones parallel to
the bedding than the adjoining regular mosaic, potentially due to being crushed) to alter the mosaic grains
and particularly replace the calcite cement. In one instance one of these thin veins of calcite cross-cuts the
rock fabric at a lower oblique angle to the bedding with the calcite generally iron-oxides-stained at the
vein edges which were at a fairly consistent width apart. In all these instances there does not appear to
have been any fracturing, crushing or dislocation of mosaic grains during the introduction of the veins
along the fracture planes and zones. In some other parts of the rock fabric though the interlocking mosaic
of quartz and K-feldspar grains appears to be fractured at an oblique angle across the field of view by a
network zone of fractures so that the mosaic grains are tinier and angular, and some are elongated
fragments, being aligned parallel to the fracturing, with many tiny thin edge-on muscovite similarly
aligned. Thin stringers of iron oxide and thicker veins of iron oxides (or possibly iron-oxides-coated
calcite) cross-cut the mosaic parallel to the bedding (following other possible fractures or bedding
planes?) and also cross-cut calcite veins or veinlets perpendicular to the bedding. There are no pores
apparent, but the sample was impregnated accompanied by blue dye staining before the thin section was

cut, so there is some blue dye staining between and encroaching on some grains, occasionally covering



grains and thus distorting their colors, as well as associated with hairline fractures, some of which were

likely induced during sample impregnation.

MFML-06 N 36°20.368" W 112°40.643° (N 36.339° W 112.677°)

Folded limestone bed at the top of the Gateway Canyon Member of the Muav Formation. Sample taken
from the bend in the top of the monocline, about 3 m (10 feet) below the contact, about 6 m (19.5 feet)

west/downstream from sample MFML-05.

At normal scale, this rock in the thin section is
different again from the preceding samples from the
same stratigraphic interval even though it has some
similarities, yet this sample is laterally only about 6
m from the neighboring sample. It consists of quartz
(~7%) and K-feldspar (~9%) grains and muscovite
(<1%) flakes embedded in a dominant, pink-stained
calcite (~75%) matrix with some subordinate
dolomite (~8%). Because the silicate grains are so
prevalent and large enough to be visible this rock is
a silty carbonate, even though in outcrop it appears
to be a limestone. It is best classified as a
wackestone. It has suffered from soft-sediment

deformation because the original layers have been

disturbed after their deposition, as evidenced by the
“blobs” and “swirls” made up similarly to the regular layering in the rock. While the silicate grains appear
to “float” in the calcite matrix, there are more dense accumulations. Several large curvilinear solid calcite
features appear to be cross-sections of fossilized bivalve shells. Other areas in the rock show “swirling”
layers and disconnected “blobs” that are greenish, likely due to post-depositional illite alteration of K-
feldspar grains to glauconite, plus possible iron oxides staining.

Under the microscope, variably scattered tiny to very small (0.03-0.17 mm, ¢ =+5.01 - +2.57) and small
(0.19-0.26 mm, ¢ =+2.40 - +1.95), angular and sub-angular to subrounded and rounded K-feldspar clasts
and former laths and quartz clasts and fragments (some with cracks and some with ragged or obscured
edges) set in a predominant tiny-grained (0.03-0.05 mm, ¢ =+5.01 - +4.23) calcite matrix or sometimes
very small to small (0.07-23 mm, ¢ =+3.77 - +2.13) interstitial calcite grains (recrystallized?), all
variably stained by iron oxides (sometimes heavily stained), with occasional very small (0.04-0.18 mm, ¢

=44.64 - +2.48) and small (0.19-0.33 mm, ¢ =+2.40 - +1.60) in length, thin edge-on muscovite flakes at



various angles (even when several are in proximity to one another), and some scattered tiny to very small
iron oxides blotches and what appear to be iron-oxides-replaced edge-on muscovite flakes. Some K-
feldspar grains and laths exhibit multiple twinning under crossed polars, sometimes even suggesting those
grains may be plagioclase. Some thin edge-on muscovite flakes are bent around quartz and K-feldspar
grains or simply within the calcite matrix, and/or are broken, sometimes have frayed and/or split ends,
and sometimes several are stacked on top of one another. Also present are thin/narrow and some thicker
edge-on cross-sections of fossil shells (bivalves and brachiopods) of various sizes and shapes (usually
linear but also curvilinear) composed of relatively iron-oxides-free micro-crystalline calcite, though
occasionally some are outlined by iron oxide or are quite iron-oxides-stained. Occasional tiny to very
small (0.02-0.15 mm, ¢ = +5.71 - +2.75) dolomite rhombs are also set in the calcite matrix and are
variably iron-oxides-stained. In some areas of the rock fabric the calcite matrix has been heavily altered
to, and replaced by, heavily iron-oxides-stained, tiny to very small (0.02-0.15 mm, ¢ =+5.71 - +2.75) and
even small (0.18-0.31 mm, ¢ =+2.48 - +1.70) dolomite sub-euhedral grains and rhombs (the larger
rhombs with the characteristic internal skeletal growth zones) that are both scattered and clumped. Some
of the dolomite may also be replacing K-feldspar grains. Sometimes patches of the calcite matrix of
various shapes from thin and thick linear to irregular ovoids have been recrystallized to relatively iron
oxide free microcrystalline calcite, large patches consisting of very small (0.15-0.23 mm, ¢ =+2.75 -
+2.13) to small-medium (0.30-0.62 mm, ¢ =+1.75 - +0.69), recrystallized platy calcite crystals and
rhombs at different extinction angles (sometimes with quartz and K-feldspar grains still embedded in
them), and even to scattered very small recrystallized calcite rhombs. The iron oxides staining of the
dominant tiny/fine-grained calcite matrix (micrite) varies, and some swaths are lined either side of them
with heavy iron oxides staining as border stringers (sometimes appearing to follow either fractures or
bedding planes accompanied by thin edge-on muscovite flakes paralleling them) demarcating the
boundaries from the adjoining matrix which is recrystallized to very small-small calcite crystals. In some
areas the long thin edge-on muscovite flakes are at the same oblique angle with the elongated quartz and
K-feldspar grains aligned parallel at the same angle within the calcite matrix. A few very small (0.04-0.09
mm, ¢ =+4.23 - + 3.47) K-feldspar grains may be partially altered to greenish-stained illite or glauconite.
There are no pores apparent, but the sample was impregnated accompanied by blue dye staining before
the thin section was cut, so there is some blue dye staining between and encroaching on some grains,
occasionally covering grains and thus distorting their colors, as well as associated with hairline fractures,

some of which were likely induced during sample impregnation.



MFTB-01 N 36°23.553> W 112°37.558 (N 36.392° W 112.626°)

Bottom of the Havasu Member of the Muav Formation. sample taken from just above the boundary
opposite sample MFML-01 from the top of the Gateway Member.

At normal scale, this rock in the thin section is
dominated by pink-stained calcite (~71%), but there
is subordinate dolomite (~17%) that appears to
occur in unstained lighter-colored patches. In
outcrop this is a limestone, but the presence of
scattered fine quartz (~5%) and K-feldspar (~6%)
grains with occasional muscovite (<0.5%) flakes
classifies this rock as a wackestone, a mud-
supported limestone with >10% clastic grains.
There is a hint of fine laminations that may be at an
angle to the bedding, but there has clearly been
some disturbance of the rock fabric after
deposition, as evidenced the lighter, pink-stained
calcite veins filling cross-fractures and the wavy

and irregular laminations that thicken and thin

through disrupted laminations and that are marked
by a greenish tinge, likely due to post-depositional illite alteration of K-feldspar grains and sometimes
accompanying iron oxides staining. The lighter dolomite patches and streaks appear to be associated with
these disrupted laminations and the illite alteration, and with cross-cutting iron oxides in thin fractures.
Under the microscope, scattered tiny to very small (0.02-0.12 mm, ¢ =+5.71 - +3.06), angular to sub-
rounded K-feldspar and quartz grains (some with ragged or obscured edges), occasional tiny to very small
(0.03-0.17 mm, ¢ =+5.01 - +2.57), thin edge-on muscovite flakes, and many tiny to very small (0.02-0.09
mm, ¢ =+5.71 - +3.47), often heavily iron-oxides-stained dolomite rhombs, set in a dominant, very-fine-
grained (0.01-0.04 mm, ¢ = +6.72 - +4.64) calcite matrix (micrite) which is variably iron-oxides-stained
with iron oxides outlining many tiny calcite grains and rhombs, and with scattered iron oxides speckles,
tiny blotches and thin long streaks (which may be replacing edge-on muscovite flakes). In several areas
the few tiny quartz and K-feldspar grains, tiny dolomite rhombs and tiny thin edge-on muscovite flakes
(and iron oxides streaks probably replacing them) are aligned in “streaks” within the calcite matrix at
oblique angles to the bedding. Sometimes medium and large-huge sized patches (some elongated) of the
calcite matrix have been recrystallized to very small to small (0.05-0.18 mm, ¢ = +4.23 - +2.40) and

medium (0.36 mm, ¢ =+1.46) platy calcite crystals at different extinction angles. The larger dolomite



rhombs (which are very small to small, 0.12-0.14 mm, ¢ = +3.06 - +2.84 and 0.24 mm, ¢ = +2.06) have
internal growth zones with heavily iron-oxides-stained cores and “clean” outer rims giving the thombs a
typical skeletal structure. Some very small thin edge-on muscovite flakes may be stacked on top of one
another, and some are bent around the scattered grains and rhombs set in the matrix or wedged tightly
between where grains and rhombs are clumped. Throughout the rock fabric some of the K-feldspar grains
may be partially or fully altered to or replaced by dolomite. There are also large-huge patches and bands
of larger, more densely-scattered or sometimes clumped, very small, angular to sub-rounded quartz and
K-feldspar grains (with ragged or obscured edges, and where clumped sometimes meet at triple points),
and similar-sized iron oxides blotches, with fine-grained calcite matrix and sometimes some tiny and very
small dolomite thombs between them. In some areas of the fine-grained calcite matrix, fine-grained
dolomite grains and rhombs have replaced the calcite grains in patches, and there are also many tiny
dolomite rhombs scattered throughout the nearby calcite matrix. There are also medium, large-huge and
huge patches and wide bands of the matrix where it has been moderately to largely replaced by tiny to
very small, lightly or heavily iron-oxides-stained dolomite grains and rhombs (sometimes densely packed
together) with a few to many recrystallized tiny to very small calcite matrix grains and rhombs (and a few
tiny to very small quartz and K-feldspar grains and tiny thin edge-on muscovite flakes) scattered between
them. Alternately the dolomite replacement of the calcite matrix consists of small, only lightly iron-
oxides-stained dolomite rhombs and grains, clumped and intergrown together. What appears to be a
fracture cross-cutting the rock fabric roughly perpendicular to the bedding is filled with several adjoining
elongated, medium-sized “clean” dolomite crystals and elongated heavy iron oxides patches and streaks.
Elsewhere along another possible fracture at an oblique angle almost perpendicular to the bedding the
calcite matrix has been recrystallized to adjoining, very small, almost non-iron-oxides-stained calcite
crystals (similar to those scattered through the matrix). And in another place a similar apparent fracture is
marked by strings of tiny heavily iron-oxides-stained dolomite rhombs and elongated iron oxides blotches
and stringers. Elsewhere a thick double small-medium-sized crystal width calcite vein cross-cuts the
regular fine-grained calcite matrix at an angle almost perpendicular to the bedding. There are no pores
apparent, but the sample was impregnated accompanied by blue dye staining before the thin section was
cut, so there is some blue dye staining between and encroaching on some grains (particularly dolomite
rhombs), occasionally covering grains and thus distorting their colors, as well as associated with hairline

fractures, some of which were likely induced during sample impregnation.



MFTB-02 N 36°20.557° W 112°40.701° (N 36.343° W 112.678°)
Bottom of the Havasu Member of the Muav Formation 47.5 m (156 feet) along the bed west/downstream

of sample MFTB-01.

At normal scale, this rock in the thin section looks
totally different to the neighboring sample at the
same stratigraphic level only 47.5 m away laterally.
While in outcrop it is a limestone, in thin section it
appears to be a carbonate siltstone, due to abundance
in it of quartz (~56%) and K-feldspar (~18%) grains
with scattered muscovite (~4%) flakes. Yet
abundant scattered, pink-stained calcite mud or
micrite (~18%) with minor subordinate dolomite
(~4%) is still very evident. Rather than being
classified as a wackestone, with mud-supported
silicate grains, this is a more like a packstone
because of instead being grain-supported. Fine

laminations are evident, often being marked by

either calcite and/or silicate grains. The rock fabric
looks fairly uniform and undisturbed. Quite a few small curvilinear calcite patches scattered through the
rock are at various low angles but still sub-parallel to the laminations and bedding and are likely the
cross-sections of fossilized shells (bivalves and brachiopods). There are also a few scattered grains with a
greenish tinge that are likely due to illite alteration of K-feldspar grains to glauconite.

Under the microscope, scattered but very dominant tiny to very small (0.04-0.12 mm, ¢ = +4.64 - +3.06)
and small (0.13-0.20 mm, ¢ = +2.95 - +2.33), very angular-angular and sub-angular to sub-rounded quartz
grains and elongated fragments, subordinate tiny to very small (0.04-0.12 mm, ¢ = +4.64 - +3.06) and
small ( 0.13-0.23 mm, ¢ =+2.95 - +2.13), angular and sub-angular to sub-rounded K-feldspar grains, and
former laths, occasional very small to small (0.05-0.18 mm, ¢ = +4.23 - +2.48), small (0.20-0.26 mm, ¢ =
+2.33 - +1.95), medium (0.30-0.42 mm, ¢ = +1.75 - +1.25) and large/long (0.82 mm, ¢ = +0.29) (and one
very long, 1.18 mm, ¢ = -0.23), thin edge-on muscovite flakes at various angles but generally parallel to
the bedding, and scattered iron oxides specks and very tiny to small blotches, are all set in a subordinate
matrix of calcite consisting of very small (0.05-0.11 mm, ¢ =+4.23 - +3.19), small (0.13-0.17 mm, ¢ =
+3.06 - +2.57) and small-medium (0.20-0.47 mm, ¢ =+2.33 - +1.09) crystals (many of which are due to
recrystallization, particularly the larger crystals, and thus are set at different extinction angles) which are

variably iron-oxides-stained, including along cleavage planes. The density of the scattering of the quartz



and K-feldspar grains varies through the rock fabric from a generally wide spacing to places where many
grains touch one another and there are occasional small clumps of grains where those grain edges often
meet at triple points. Sometimes the edges of the quartz and K-feldspar grains are ragged, being obscured
by the calcite matrix encroaching on them. A few of the K-feldspar grains exhibit multiple twinning under
crossed polars that could suggests they may instead be plagioclase. Often the edge-on muscovite flakes
have one end frayed, some flakes are bent, and sometimes two are stacked on top of one another. The
scattered minor, tiny to very small (0.02-0.09 mm, ¢ = +5.71 - +3.47) and very small to small (0.12-0.20
mm, ¢ =+3.06 - +2.33) dolomite grains sometimes appear to be partially replacing some K-feldspar
grains and even some edge-on muscovite flakes, while other very small (0.06-0.12 mm, ¢ = +4.05 -
+3.06) K-feldspar grains and a few muscovite flakes may have been replaced by illite or glauconite
(evident from greenish stain). Within the calcite matrix there are occasional curvilinear and sometimes
bent (some completely bent over) cross-sections of fossil shells (bivalves, brachiopods) of varying lengths
and thicknesses (one is quite a large rectangular shape), even two possible shell fragments and one
medium-large ovoid fossil shell cross-section, that consist of micro-crystalline calcite outlined or
sometimes speckled or coated by iron oxide staining. One large elongated ovoid area within the calcite
matrix is heavily speckled and outlined by iron oxides staining and contains very few quartz and K-
feldspar clasts in stark contrast to their dominating presence in the adjoining calcite matrix, but still
contains many very small recrystallized platy calcite crystals. Sometimes large-huge patches of the calcite
matrix have been recrystallized into one or several larger calcite crystals (as evident from the distinctive
single “rhomboidal” cleavage and each being at different extinction angles) that fully or only peripherally
include quartz and K-feldspar grains and fragments (including some illite-altered K-feldspar grains). A
tiny high relief, high birefringent, iron-oxides-stained tabular crystal may be zircon. There are no pores
apparent, but the sample was impregnated accompanied by blue dye staining before the thin section was
cut, so there is some blue dye staining between and encroaching on some grains (particularly dolomite

rhombs), occasionally covering grains and thus distorting their colors.

MFTB-03 N 36°20.408 W 112°40.497° (N 36.340° W 112.675°)

Bottom of the Havasu Member of the Muav Formation 13.5 m (44 feet) along the bed west/downstream
of sample MFTB-02.

At normal scale, this rock in the thin section is almost identical to the neighboring sample MFTB-02 from
the same stratigraphic interval only 13.5 m away laterally. While in outcrop this rock is again a limestone,
in thin section it looks more like a carbonate siltstone because of its high content of quartz (~20%) and K-
feldspar (~16%) grains with scattered muscovite (~1%) flakes set in a pink-stained calcite (~61%) matrix

with subordinate dolomite (~2%) and siderite (<1%). Even with a lower abundance of silicate grains this



rock would probably still be classified as a grain-
supported packstone instead of a mud-supported
wackestone as there are no contiguous bands or
laminae of only micrite (calcite mud). Fine
laminations are very evident, often being marked by
either calcite and/or silicate grains. The rock fabric
looks fairly uniform and undisturbed, except in one
section (top left) where the laminations seem to
build into a “wave” or ripple in cross-section.
Numerous small curvilinear calcite patches
scattered through the rock are at various low angles
but still sub-parallel to the laminations and bedding
and are likely the cross-sections of fossilized shells

(bivalves and brachiopods). There are also a few

scattered grains with a greenish tinge that are likely due to illite alteration of K-feldspar grains to
glauconite.

Under the microscope, scattered tiny to very small (0.03-0.18 mm, ¢ =+5.01 - +2.48), irregularly-shaped
angular to sub-rounded and rounded quartz grains and elongated angular fragments and slivers,
subordinate tiny to very small (0.03-0.20 mm, ¢ =+5.01 - +2.33), irregularly-shaped angular to sub-
rounded K-feldspar grains and former laths, numerous very small to small (0.04-0.21 mm, ¢ = +4.64),
small-medium (0.23-0.30 mm, ¢ =+2.13 - +1.75) or long (0.45-0.47, ¢ =+1.15- +1.09) and very long
(1.23 mm, ¢ = -0.30), thin (or sometimes thick) edge-on muscovite flakes at various angles but generally
parallel to the bedding, and occasional tiny to very small scattered iron oxides blotches, are all set in a
predominant pervasive recrystallized calcite matrix consisting of micrite and very small (0.06-0.12 mm, ¢
=44.05 - +3.06) and small (0.15-0.20 mm, ¢ =+2.75 - +2.33) to larger (0.27-0.42 mm, ¢ =+1.90 - +1.25)
platy calcite crystals at different extinction angles (and sometimes with characteristic cleavage evident),
which are lightly iron oxides speckled and stained (or sometimes heavily stained or with iron oxides
streaks). The density of the scattering of the quartz and K-feldspar grains varies through the rock fabric
from a usual wide spacing to places where there are occasional small clumps of grains, some of whose
grain edges meet at triple points. Sometimes the edges of the quartz and K-feldspar grains are ragged,
being obscured by the calcite matrix encroaching on them. A few of the K-feldspar grains exhibit multiple
twinning under crossed polars that could suggests they may instead be plagioclase. Often the edge-on
muscovite flakes have one end frayed, some flakes are bent, some are wedged between quartz and K-

feldspar grains, and sometimes two are stacked on top of one another. Dolomite (0.05-0.09 mm, ¢ =



+4.23 - +3.47) and/or calcite (both with characteristic carbonate cleavage) appears to be partially
replacing some K-feldspar grains, while other K-feldspar grains (0.04-0.12 mm, ¢ = +4.64 - +3.06) and a
few muscovite flakes (0.18-0.21 mm, ¢ =+2.48 - +2.25) may have been replaced by illite (glauconite,
evident from greenish stain), or some edge-on muscovite flakes have been replaced by iron oxides (+
illite). It would also appear that occasionally a few K-feldspar grains have been replaced by siderite (0.09
mm, ¢ =+3.47) (rather than dolomite or calcite). Within the calcite matrix there are occasional linear and
curvilinear cross-sections of fossil shells of varying lengths and thicknesses, and even a possible shell
fragment, that consist of micro-crystalline or perhaps even recrystallized calcite outlined or often
speckled, dotted or heavily coated by iron oxides staining. Two unusual possible elongated and rounded
clasts, or possible elongated (ovoid or squashed) fossil cross-sections that has been infilled), which
consist of iron oxides outlined recrystallized calcite matrix with tiny to very small, sub-angular to sub-
rounded quartz, K-feldspar, illite- and/or siderite-replaced K-feldspar grains and very small thin edge-on
muscovite flakes crammed together, surrounded by even thicknesses of recrystallized calcite matrix clear
of any other embedded grains forming “borders” that are either the fossil shell cross-sections or coatings
around the rounded clasts. There are no pores apparent, but the sample was impregnated accompanied by
blue dye staining before the thin section was cut, so there is some blue dye staining between and
encroaching on some grains (particularly dolomite rhombs), occasionally covering grains and thus

distorting their colors.

MFTB-04 N 36°20.462° W 112°40.655° (N 36.341° W 112.678°)

Bottom of the Havasu Member of the Muav Formation 7.5 m (24 feet) along the bed west/downstream of
sample MFTB-03. Area of most intense folding, syncline in the sample.

At normal scale, this rock in the thin
section appears to be somewhat
different to neighboring sample MFTB-
03 from the same stratigraphic level
only 7.5 m away laterally. Yet even
though it has a similar abundance of
quartz (~23%) and K-feldspar (~19%)
grains with occasional muscovite (<1%)
flakes the rock fabric is dominated by
glauconite (~6%) grains that give it an

overall greenish tinge. Even though

pink-stained calcite (~50%) is the



matrix with subordinate dolomite (<3%) it seems concentrated into laminae that are not dominated by
glauconite grains. Even though this is a limestone in outcrop it appears more like a carbonate siltstone and
would be classified as a grain-supported packstone rather than a mud-supported wackestone because the
coarser-grained silicate minerals dominate the rock’s texture. Laminations are very evident, both parallel
to the bedding and at a low angle suggestive of cross-laminations. Some scattered larger curvilinear and
rounded calcite patches would be cross-sections of fossilized shells (probably bivalves and brachiopods).
A long thin calcite vein filing a fracture cross-cuts the cross-laminations. Some larger darker grains may
be iron-oxides-stained dolomite rhombs.

Under the microscope, the rock fabric consists of two different dominant grain combinations. One
combination is a tightly-fitting interlocking mosaic dominated by scattered very small to small (0.06-0.18
mm, ¢ =+4.05 - +2.48) and small-medium (0.20-0.45 mm, ¢ =+2.33 - +1.15), rounded and often
elongated, greenish grains of glauconite (illite) finely speckled and streaked with iron oxides staining
(some with embayed edges), interspersed between with subordinate tiny to very small (0.02-0.15 mm, ¢ =
+5.71 - +2.75), small-medium (0.20-0.38 mm, ¢ = +2.33 - +1.39) and medium (0.42-0.50 mm, ¢ = +1.25
- +1.00), angular to sub-rounded quartz grains, and fewer tiny to very small (0.02-0.13 mm, ¢ =+5.71 -
+2.95) and small (0.15-0.29 mm, ¢ =+2.75 - +1.80), angular to sub-rounded K-feldspar grains (a few
exhibit cross-hatched twinning under crossed polars), with occasional very small (0.05-0.10 mm, ¢ =
+4.23 - +3.32), small (0.12-0.17 mm, ¢ = +3.06 - +2.57) or longer (0.21-0.28 mm, ¢ = +2.25 - +1.85),
thin or thick, edge-on muscovite flakes (at various angles but often parallel to the bedding) wedged
between glauconite, quartz and K-feldspar grains, all set in a crystallized interstitial calcite matrix
(micrite) of tiny to very small (0.04-0.13 mm, ¢ = +4.64 - +2.95) and small (0.15-0.30 mm, ¢ = +2.75 -
+1.75) grains dispersed as infilling between the various grains, though in places appearing to replace or
coat some K-feldspar mosaic grains, either wholly, partially or along internal cracks. Several very large,
elongated and flattened pores (or they could be dissolution holes as they are much larger than any of the
mosaic grains) are lined thickly with calcite heavily stained by iron oxides, with crystals grown inwards
to infill the remaining spaces. Some of the greenish glauconite grains have broken off ends suggesting
they are detrital clasts, while others are cracked and others have internal inclusions of tiny quartz and/or
K-feldspar grains (or one with an iron oxides grain), some of which are larger fragments and internally
peripheral to the glauconite grains, and two also have an internal ribbed scaffolding structure (due to later
dissolution? one has calcite infilling between the ribbed scaffolding), which suggests the glauconite
(illite) grew around those grains as pellets, although most of the glauconite grains have no hint of any
internal structure reflecting the sequential growth zones that would thus be expected. While nearly all
quartz grains show no evidence of any “ghost” outlines of the original detrital grains, the edges of the

quartz, K-feldspar and many of the glauconite grains, and often the interstitial calcite cement, meet at



triple points, particularly where the quartz and K-feldspar grains are clustered, which suggests the
possibility of some quartz cementation prior to or concomitant with the carbonate cementing. Many
mosaic quartz grains are cracked into sub-grains, while other quartz grains are irregularly-shaped to infill
“spaces” within the mosaic. Often the edge-on muscovite flakes have one end frayed, some flakes are
bent around mosaic grains such as glauconite, wedged between them and quartz grains, and sometimes
two are stacked on top of one another. The calcite cement grains are variably stained by iron oxides and
sometimes have been recrystallized to form large and even huge (0.42-0.77 mm, ¢ =+1.25 - +0.38) platy
crystals (with characteristic cleavage evident), or sometimes have formed large patches of recrystallized
calcite, that in either instance engulf some of the mosaic quartz and K-feldspar grains and are often
partially outlined by iron oxides. Some glauconite grains are grossly elongated, yet still rounded with the
quartz and K-feldspar mosaic grains tightly packed around them so they likely had to be primary
deposited grains. Other glauconite grains are partially altered and/or replaced by calcite stained with iron
oxides especially heavily along internal cleavage cracks, giving the grains a variable brownish tinge.
Some of the K-feldspar grains are replaced by carbonate, probably dolomite (because the pink stain
delineating calcite is not on them). Some tiny to very small (0.03-0.09 mm, ¢ =+5.01 - +3.47), small
(0.14-0.30 mm, ¢ =+2.84 - +1.75) and larger-sized (0.58 mm, ¢ = +0.78 and 1.33 mm, ¢ = -0.40)
dolomite thombs, and a partial dolomite rhomb, lightly iron-oxides-stained with characteristic cleavages
or even coated heavily by iron oxides, sit within the mosaic touching nearby rounded glauconite grains
with interstitial calcite cement/matrix between them. There are also indications that some dolomite is in
places partly replacing the calcite matrix. Also, occasionally present are thin or thick, variably elongated
rectangular grains, sometimes bent, or elongated curvilinear patches, that consist of iron-oxides-stained
calcite (giving these grains a brownish tinge) or are calcite outlined by iron oxide, or are illite replacing
calcite, that possibly represent the cross-sections through fossil shells (bivalves and brachiopods), which
are sometimes broken into segments. In some areas the small-medium-sized rounded glauconite grains
dwarf the tiny quartz and K-feldspar grains with tiny edge-on muscovite flakes, very small interstitial
calcite cement patches and clumps of very tiny, heavily iron-oxides-stained dolomite rhombs that form
the mosaic between them. In other places the glauconite grains are clumped together, often with few or no
tiny mosaic grains between them, or in several instances are clumped with the larger than usual small and
small-medium subangular-subrounded quartz grains with tiny mosaic grains tightly fitted against their
embayed edges on their sides not touching glauconite grains. Tiny to very small iron oxides blotches are
occasionally scattered through the mosaic. Several very large ovoid patches consist of a mosaic of
scattered very tiny quartz and K-feldspar grains with tiny edge-on muscovite flakes overwhelmingly
dominated by the calcite matrix between them made up of variably iron-oxides-stained tiny to very small

grains, all quartz, K-feldspar and calcite grain boundaries being irregular and blurred. A very short calcite



“vein” cuts from a calcite-infilled pore across and offsets an elongated rounded glauconite grain and ends
in a medium interstitial calcite grain between tiny mosaic quartz and K-feldspar grains. In the second
dominant grain combination in the rock fabric there are much fewer of the same rounded glauconite
grains, so the same mosaic of quartz and K-feldspar grains dominates, often in clusters, with the same
interstitial calcite cement, occasional edge-on muscovite flakes, and the same other features such as larger
calcite cement patches variably iron oxides stained, and long curvilinear iron-oxides-outlined calcite
cross-sections of fossil shells. Two larger rounded and ovoid patches of calcite matrix, one is spattered
heavily with iron oxides and both consisting of recrystallized calcite, are outlined by heavy iron oxides
staining and also appear to be almost like “pellets” or rounded clasts. Two thick veins consisting of small
calcite crystals of various shapes at different extinction angles cross-cut the rock fabric almost
perpendicular to the bedding, meandering around glauconite grains but cutting through quartz and K-
feldspar grains and separating their pieces. Sometimes the edges of the quartz and K-feldspar grains are
ragged, being obscured by the calcite matrix encroaching on them. Where the edge-on muscovite flakes
are parallel to the bedding the mosaic quartz and K-feldspar grains and the interstitial calcite cement also
appear elongated parallel to the bedding, likely being a depositional feature. In several places several
close-spaced parallel hairline fractures cross-cut the rock fabric almost parallel to the bedding but with
little disruption of the rock fabric except for the fracture lines being sporadically marked by alteration
(illite + calcite) or iron oxides. Elsewhere a low angle, iron-oxides-filled hairline fracture appears to be
lined by calcite matrix. A small-medium-sized sub-rounded quartz grain is fractured but not displaced,
with recrystallization healing through the fracture zone which parallels at the same angle a nearby edge-
on muscovite flake and the fractures elsewhere through the rock fabric mentioned above. Some edge-on
muscovite flakes lie along and within a fracture, probably facilitating the location of the fracture that is at
the same low angle to the bedding as are other fractures, and which separates a paralleling zone of a
higher proportion of calcite matrix with a reduced number of mosaic grains from the regular mosaic with
scattered interstitial calcite matrix, all with paralleling edge-on muscovite flakes. There are no remaining
pores apparent, but the sample was impregnated accompanied by blue dye staining before the thin section
was cut, so there is some blue dye staining between and encroaching on some grains (particularly
dolomite rhombs), occasionally covering grains and thus distorting their colors, as well as associated with

hairline fractures, some of which were likely induced during sample impregnation.



MFTB-05 N 36°20.470° W 112°40.630° (N 36.341° W 112.677°)

Bottom of the Havasu Member of the Muav Formation 4 m (13 feet) along the bed west/downstream of

sample MFTB-04. Area of most intense folding.

At normal scale, this rock in
the thin section appears
totally different from the
neighboring sample MFTB-
04 from the same
stratigraphic level only 4 m
away laterally. It is
definitely a limestone in
outcrop and in thin section,
being dominated by pink-

stained calcite (~93%) as

micrite (mud). There are
very few quartz (3%) and K-
feldspar (~4%) grains scattered unevenly though the calcite matrix and muscovite flakes are not evident.
With <10% silicate grains in it this rock would be classified as a carbonate mudstone (totally calcite mud-
supported). The rock texture is uniformly massive with little variation apart from scattered elongated
blotches (perhaps visible due to iron oxides staining) that appear that appear to crisscross the rock fabric
interspersed with lighter calcite curvilinear and rounded patches that may be cross-sections of fossilized
shells (bivalves and brachiopods). A thick and long dark streak (the color perhaps again due to iron oxides
staining cuts obliquely across the rock and then flattens into anastomosing stringers. There appear to be
some scattered glauconite grains due to illite alteration of some K-feldspar grains.

Under the microscope, sparsely scattered tiny to very small (0.02-0.16 mm, ¢ =+5.71 - +2.66) K-feldspar
grains (often with diffuse edges), and subordinate tiny to very small (0.01-0.15 mm, ¢ =+6.72 - +2.75),
and small (0.23 mm, ¢ = +2.13) irregularly-shaped, angular and sub-angular to sub-rounded quartz grains
and angular fragments (often with diffuse edges), set in a pervasive dominating massive recrystallized
calcite matrix consisting of tiny to very small (0.02-0.07mm, ¢ =+5.71 - +3.77), very small (0.10-0.14
mm, ¢ =+3.32 - +2.84), and small-medium (0.16-0.30 mm, ¢ =+2.66 - +1.75) calcite crystals, which is
variably iron oxides stained, sometimes have cleavages lined by iron oxides, sometimes are spotted and
heavily stained with tiny iron oxides specks, and which are at different extinction angles. Within the
calcite matrix are numerous elongated, thin and thick, linear, curvilinear and ovoid shapes outlined and

sometimes stained or speckled or “ribbed” by iron oxides that are possible cross-sections and fragments



of fossil shells (bivalves and brachiopods), sometimes with apparent internal divisions reminiscent of
internal chambers, and are often quite distinctive, even sometimes with quartz and K-feldspar grains and
edge-on muscovite flakes within them, as well as “lenses” with iron-oxide-stained edges that contain
more tiny K-feldspar grains. Sometimes there is incomplete pink staining of the calcite matrix so very
small to small and small calcite rhombs are evident. Occasional very small (0.03-0.11 mm, ¢ = +5.01 -
+3.19), small (0.14-0.20 mm, ¢ = +2.84 - +2.33) or long (0.33-0.47 mm, ¢ = +1.60 - +1.09), thin edge-on
muscovite flakes at various angles sit within the calcite matrix, and sometimes are bent against adjoining
clumps of K-feldspar, glauconite and quartz grains with alteration and iron oxides staining, and even one
end frayed. Some very small to small and small-medium rounded greenish grains (possibly
glauconite/illite replacing K-feldspar), speckled with iron oxides staining and sometimes iron-oxides-
lined internal cracks, are occasionally scattered among the other grains in the calcite matrix. In some
places the K-feldspar and quartz grains are clustered together in lensoid and ovoid shapes within the
calcite matrix, sometimes clearly outlined as distinctive features (maybe former clasts?), sometimes with
the immediately adjoining calcite matrix at the same crystallographic orientation as a thin “halo”, and
sometimes as a much larger selvage, along with subangular to subrounded greenish glauconite grains,
occasional long, iron-oxides-stained or fresh thin edge-on muscovite flakes (parallel to the axes of the
lensoids or bent around the clumped grains), and very small iron oxides blotches or stringers of iron
oxides with alteration (illite?), but the grains barely touch one another even though they are clustered
closely with the regular calcite matric between them, or if they do clump their edges often meet at triple
points. Larger (0.19-0.20 mm, ¢ =+2.40 - +2.33), probably former sub-euhedral K-feldspar laths that has
been altered to greenish glauconite (illite) are seen broken apart into some very small and small angular
and sub-angular fragments that are dislocated but not disconnected within the surrounding calcite matrix.
Several the larger former sub-rounded or sub-euhedral K-feldspar grains or laths have been altered to
illite (glauconite) and surrounding them and a few adjoining tiny altered K-feldspar grains and tiny quartz
grains in the calcite matrix are “halos” of iron oxides staining. There are no pores apparent, but the
sample was impregnated accompanied by blue dye staining before the thin section was cut, so there is
some blue dye staining between and encroaching on some grains, occasionally covering grains and thus

distorting their colors.

MFTB-06 N 36°20.399° W 112°40.578 (N 36.340° W 112.676°)

Bottom of the Havasu Member of the Muav Formation about 6 m (19.5 feet) west/downstream from
sample MFTB-05. Difficult to get to the bend in the fold. This sample is not bent much.

At normal scale, this rock in the thin section appears totally different from the neighboring sample

MFTB-05 from the same stratigraphic level only 6 m away laterally through the fold. Its greenish tinge



suggests the presence of illite alteration, which is
confirmed by the x-ray diffraction analysis of ~2%
glauconite in this sample, which also contains
quartz (~5%) and K-feldspar (~6%) grains and
muscovite (<1%) flakes. Thus, the glauconite is
likely due to illite alteration of K-feldspar grains.
Otherwise, in outcrop this appears to be a limestone,
but it is actually dominated by dolomite (~82%)
with subordinate calcite (~4%), the latter being
evident as rounded and irregular visible patches in
the rock fabric, marked by their pinkish stain. One
such rounded calcite patch is surrounded by iron
oxides and then dolomite (right hand side of photo).
The dolomite is otherwise only visible as scattered
somewhat coarser grains, as selvages surrounding
iron oxides selvages, and in a thick concentrated

band of somewhat coarser grains running vertically

through the rock fabric. Since the bedding is perpendicular to that band, being left to right in the photo of
the thin section, this suggests that the dolomite is later alteration of an initially calcite-dominated rock,
which is supported by the visible somewhat coarser dolomite grains. Thus, the scattered calcite patches
may well be unaltered remnants. Since dolomite grains now dominate the rock, it might be regarded as a
dolostone, though initially it was likely a limestone. However, the added presence of >10% silicate grains
defines this rock as a silty carbonate, or more technically as a mud-supported wackestone.

Under the microscope, sparsely-scattered occasional tiny to very small (0.01-0.5 mm, ¢ = +6.72 -+4.23)
sub-angular K-feldspar grains, and tiny to very small (0.01-0.09 mm, ¢ = +6.72 - +3.47) sub-angular to
sub-rounded quartz grains (all with fuzzy edges due to encroachment of the carbonate matrix on them)
and angular fragments, set dispersed within a mosaic matrix of predominant tiny to very small (0.02-0.08
mm, ¢ =+5.71 - +3.64) dolomite rhombs and grains that are heavily iron-oxides-stained (heavily around
their edges) with subordinate occasional tiny to very small (0.01-0.08 mm, ¢ = +6.72 - +3.64) calcite
grains and rhombs (pink-stained), scattered tiny and very small blotches and streaks of iron oxides, and a
few very small (0.04-0.12 mm, ¢ = +4.64 - +3.06), thin edge-on muscovite flakes at various angles. A
large thick linear section or band of the rock fabric consists of many more tiny to very small sub-euhedral
and sub-angular K-feldspar grains and former laths, and many more subordinate tiny sub-angular quartz

grains, often touching one another and/or clumped together, with variously dominating (~65%) or



subordinate (~35%) interstitial tiny to very small calcite grains and occasional scattered tiny iron-oxides-
stained dolomite rhombs, possibly representing an original limestone remnant, and with a huge patch of
iron oxides partly covering this band, or elsewhere a few scattered tiny to very small iron oxides blotches
and streaks. There are often sharp lines of demarcation between this band and the regular dolomite-
dominated-matrix that predominates the rock’s fabric. A few occasional very small (0.03-0.06 mm, ¢ =
+5.01 - +4.05) sub-angular and sub-rounded greenish glauconite grains and fragments (illite-altered K-
feldspar former laths?) are evident between quartz and K-feldspar grains where the interstitial calcite
matrix dominates. In many places though the boundaries between the subordinate calcite-dominated
matrix and dominant dolomite-dominated matrix textures and compositions are blurred and gradational as
dolomite grains and rhombs are scattered among the calcite interstitial to the K-feldspar and quartz grains,
suggesting variable incomplete dolomitization. In many other places, there are indistinct areas of the rock
fabric, adjoining the dominant areas of dolomite-dominant matrix with only a few scattered K-feldspar
and quartz grains, where the interstitial matrix is about equally calcite and dolomite grains and rhombs
between the more numerous (larger) K-feldspar and quartz grains, perhaps suggesting complete
dolomitization has not occurred. Sometimes there are a few very small “clean” (iron-oxides-“free”’) and
“skeletal” structured dolomite rhombs (larger than the iron-oxides-stained rhombs in the “normal”
matrixes) scattered within both the calcite and dolomite dominated matrixes, which may suggests some
recrystallization of dolomite has occurred, though these dolomite rhombs are often partially outlined by
iron oxides. Numerous very small (0.04-0.12 mm, ¢ = +4.64 - +3.06), or longer (014-0.17 mm, ¢ = +2.84
- +2.57), thin edge-on muscovite flakes are scattered throughout the rock fabric (sometimes wedged
between and bent around mosaic grains) without regard to whether dolomite or calcite is the dominant
cement, at various angles often only (but not exclusively) in the calcite-dominated-matrix areas, though
everywhere else they are usually parallel to one another and parallel to apparent fractures and other
lineations which are all perpendicular to the denoted bedding, while a few very small edge-on muscovite
flakes may be iron-oxides-coated or even replaced by iron oxides. Sometimes there are medium and large,
irregularly ovoid patches or “lenses” consisting of almost only tiny calcite grains/crystals, which may
have been due to recrystallization, with the adjoining rock fabric dominated by scattered K-feldspar and
quartz grains with interstitial calcite more dominant than dolomite suggestive of incomplete
dolomitization, and sometimes the irregular edges display progressively increasing dolomite grains and
rhombs between calcite grains and rhombs away from the patches suggesting progressive dolomitization
has “eaten” into the calcite patches. Occasional very long anastomosing and branching iron oxides streaks
wind across the rock fabric similarly to hairline fractures generally and approximately perpendicular to
the denoted bedding. A huge ovoid patch of recrystallized calcite with widely-spaced characteristic

cleavage surrounded by a thick iron oxides border occurs within a slightly larger ovoid area of coarser-



grained K-feldspar-quartz- ~65% interstitial calcite with an edge-on muscovite flake, in turn surrounded
by the predominant dolomite-dominant-matrix rock fabric, but adjoining the thick linear band of coarser-
grained K-feldspar-quartz-interstitial calcite (mentioned above) with numerous small-longer very thin
edge-on muscovite flakes parallel to the long axis of the band which is perpendicular to the denoted
bedding. There are no remaining pores apparent, but the sample was impregnated accompanied by blue
dye staining before the thin section was cut, so there is some blue dye staining between and encroaching
on some grains (particularly dolomite thombs), occasionally covering grains and thus distorting their
colors, as well as associated with hairline fractures, some of which were likely induced during sample

impregnation.



