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The Winston approach to stratigraphy

Sedimentary | Sediment™] - Dep Depositional
Structures Type F E
Crossbedded pebble quartzite Flood transport in -
Gravel 03 NI OGNS, braided channels. Mid-alluvial apron.
heetflood and channeled trans-|
Crossbedded Coarse- o fine-grained =
port and deposition in the upper
Sand crossbedded felspathic sand. | P of the lower flow regime. Sandy alluvial
. Medium- 1o fine-grained, ﬂal- Sheetflood transport and apron.
flatiamisted. famingted sand Wi occasio deposition in the upper
dlitbing ripples and mi flow regime.
Discontinuous Fme samnwsxh lenses inter- Deeelelalmg '°°d and Sandfiats at the toes
bedde: n ud | P flow transport and i
"""Lm, bedded wi snty mudlayers, | egm: o ransport and .| of allovial aprons.
Even Even, mudcracked graded fine Sheetfiood transport and Sandfiats
Couple sand and sit1o-mud layers. deposition.

graded, even, e ed Exposed pk
Even Couplet fine sand-to-mud layers. suspension settleout, & desiccation. mudflats.
Oscillation-rippled fine sand and | Wave transport of fine sand and’
Mudcracked i Submerged & exposed|
- les it lowed
Lenticular Couplet| ,5‘“ soirgpr st dhore ) it followed by clay setteout | ™ playa mudfiats.
'oad transport across}
Mudcracked Mud layers up to 2 cm thi e st Dry playa mudfiats.
Mud cutby mud-filed muderacks. | (i fradice and desiccation.
icrolami Interlayered and graded Alternating st and cay Lake margin wind
Microlamina silt and clay ansnao, suspension setlieout, ‘Setop fals,
Ows& 3 fno-gmmd Quanz and Transport of coarse grains. Beaches, shoals, and
Coae Sang and planar 351, coss- and scoured dlasts Iake margi coiic
o3 oo o 31 anois angies| makigg waves
Carbonate Micrite and dolomicite without Carbonate-saturated
Mud detectable siliciclastic laminations. "’Wna"m in plaoes perennial lake bottom.
lowed by dolo mzanon
Uncracked | e o e w’a i s (Olonad” | olara and perersial
Y hine sand and silt lenses, capy and silt into ripples, followe ayaa pefeﬂﬂ
Lonticular Couplet by clay laminae. by fon seticout marg
e Storm transport of fine sand
Hummocky Hummocky and plane-laminated n o Perennial lake botiom
d ¢ postion
Silt siit and fine sand layers. nd S, s conostio within reach of storms,

Pinch-and-Swell
Couplet

Graded, medium gray,

Pinch-and-Swell
Couple

fine sand vih undutaing |
scoured and loaded
o cork oray s yers”

pisodic scour and transport
ofrnesand silt and clay by
storm waves and deposition
illatory flow, followed
pension settieout.

Perennial lake bottom
rms and
turbidity flows.

Matrix-: supported angular to ‘Slump and debris flow
Boulderly e oriers lump as o
Sand and Mud prest- L pontdl) o transport and depostion.
Mudd, Graded stuctureless or plane~ Turbidity flow transport
Graded Sand | laminated dark muddy sand beds. and deposition.
Uncracked Even, uncracked graded Episodic suspension
Even Couplet silt-to-clay couy transport and settieout.
Plane-Laminated Even, sharply bounded silt Alternating silt and clay
Siltand Clay and clay interlaminations. transport and settleout.

Perennial lake bottom
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Defining the Appekunny argillite

Apikuni Mtn
Glacier National Park

Bailey
Willis

) g .very distinct between the yellow /imestone\ below and
", _the red argillites above.” Willis, 1902
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Granger . wikipedia
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Defining the Prichard and Burke

ank Calkins

Background

GEOLOGY AND ORE DEPOSITS

OFr THE

CEUR I) ALENE DISTRICT, IDAHO

_ & : Ransome and Calklns 1908 .

“Burke...sun cracks and ripple marks...in almost every
outcrop...frequently exposed to air” -Ransome, 1905

“reqularly banded argillite [of the Prichard] ...easily
recognized...can hardly be confused...with any other”

“gradual transition...causes difficulty in fixing the

Burke-Prichard boundary”
-Ransome and Calkins, 1908

Ransome, 1905;
Ransome and Calkins, 1908 Willis, 1902

Grinnell argillite

Appekunny argillite |

Altyn limestone

~6,000’ of section ? P N

Burke fm.

Prichard slate




Making the transition

“..informally subdivided [Appekunny] into five members...,on the
west side of park only parts of members 5, 4, and 3 are present.”
-Whipple, 1992

i ok ¢

“Transition member ...contact with overlying
Burke... is difficult to locate consistently.”
-Cressman, 1989
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PALEOZOIC AND MESOZOIC ROCKS

Earhart et al., 1983 |
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Rainbow (aka dog)
ontested contacts Lake section
greenish E
argilllite §
and siltite o
=2
o0
highest argillite
“Transition zone between lowest occurrence of rocks typical of =
5 v x c
the Burke and the highest occurrence of rocks typical of the 5 8| eryoruike
o and siltite
Prichard... §
lowest shallow-water featu;s
Ransome and Calkins assign the transition zone to the
Prichard Formation....
=
= ™
- S gray argilllite E
[Cressman] placed the top of the Prichard at the base...of the < z
transitional sequence.” = g
-Cressman, 1985
Cressman, 1985 Ransome and Calkins, 1908

——_—

“..one of the most troublesome stratigraphic problems in the Belt”
—Winston, 1989
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A ) Lake

What Don started

/. _AType Apikuni
anusa, ”¥st. Mary Lake

Marion Quérry

This St‘udy;~

Winston, 2016
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General description of Appekunny "
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Formation Group
cast

Flat-laminated to hummocky

MISSOULA \
GROUP

PIEGAN
GROUP

Above Prichard (deep, rift fill)

and Altyn (shallow, carbonate
bank)

RAVALLI
GROUP

" | Lower
BELT

J - Hummocky cross-stratified quartzite and siltite ‘,
q. I:] Cross-bedded quartzite
// Flat-laminated quartzite and argillitic quartzite v
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‘ - R : ¥ 4 ; - B Vicroiminaicd sl
b L Ry S N O LR L ; 2t n 14693 Ma B
RS , » * May record first complete filling, B s |

. [ Qutzite wrbidite
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E Quartzitic limestone

; Below Grinnell and Burke
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Lower Appekunny Sediment types

Type Apikuni Koocanusa
anusa*: Mary Lake 1920'(585 m)

Marion Quarry
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Basaontact, Type section




Basal contact, Type section
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3
B4

laminated dolo-mud

e

T

-~ laminat

mm-scale, even, laminae, alternatingsilt and dol

&
.

o-mud
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Basal contact, Type section

3 %
i

Iaminatéd dolo-mud‘

mm-scale, even, laminae, alternatingsilt and dolo-mud

swash zon Episodic suspension settle out in calm [shallow?] water,

5 9 o) ma . W. ; 1
S b . with or without carbonate prec:p{tatlon( inston, 1989)
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Laminated silt sub type

grading

%- v
A TR e
Sk A

iy s +

unc

even silt laminae,

ommon grading to clay

interlayered with silt-clay couplets
and hummocky cross-stratification (HCS)

o~
-

Suspension settle out of silt (+ clay),
* oscillatory storm waves

— S

on-




even/wavy continuoussilt/vf sand laminations,
low-angle truncations,
dm-scale hummocks and swales, rippled tops

\ . Ve

> o>~
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even/wavy continuoussilt/vf sand laminations,
low-angle truncations,
dm-scale hummocks and swales, rippled tops

Reworking of silt bedload
by oscillatory storm (and fair weather?) waves

v

gL 0.




Graded sand sub type

rare dolomite mudchips at base
~

> G




Graded sand sub type

- 4% > oy e B\

m-scale crossbedded, massive to graded muddy sand beds

rare dolomite mudchips at base
~

£

>> > . Sand bars separating wave-dominated silt ﬂq_\t_ fromiqUIet backwaters
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sedimenttype .
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Wavy, continuousto discontinuoussilt/vf sand - clay couple/ts i v
Scour, transport of vf sand/silt bedload by storm waves, Ly L
suspension settle out of silt and clay, compaction A
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Lower Appekunny summary

e i e o555
900 F e R
Marion Quarry “
‘ o e : ataldo \
« Hummocky cross-stratified (HCS) i \‘
e Laminated silt sub type e f'
| \ L
e Tabular sand ff \\
* Graded sand sub type | , :
002040 . 80 il A | |
* Pinch and swell couple/t A | \

y |
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1020'(310 m) |

- S . Dog Lake - = | Apikuni mtn.
925'(280 m) i . AFRHm
-Distinct and predictable basal contact —_
-lowest laminated silt .
NG
- = . P
-HCS is defining sediment type F:
-mostly silt bedforms, within storm wave base ; - F
~ A:‘{
\ Member 1 h
i o e ——
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/,;,efngﬁ,h_ /'}’PZZ,F"’- g,




Middle Appekunny transition

desiccation cracks mark the base of member 3
in most places

5

on-

0 2040 . 80
- —
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Type Apikuni
RIS St. Mary Lake
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A
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Thickness (ft)
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Type Apikuni Koocanusa
a""sf*’g. Mary Lake 1920'(585m)
Monn = == =)

Marion Quarry

Middle Appekunny transition
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desiccation cracks mark the base of member 3 .
in most places

widespread subaerial exposure
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- Upper Appekunny sediment types
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Cracked couplet sediment type

continuousfine sand to clay couplets,
mudchip base, asymmetric ripples, desiccation cracks
(distal) sheetflood across dry playa,
flow deceleration, settle out, desiccation

&
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Cross bedded sand sub type

!

Tabularbeds of cross bedded sand,
mud chips and desiccation cracks

(proximal) sheetflood across dry playa,
scour and transport of mud chips, desiccation




Microcouplet sediment type

ripple laminae

e

Mud ch;
= 'Ds

i-..\
/
¢/

.

&
Even continuoussilt to clay microcouplets,
with mud chips, rare dessication cracks
and ripples

>4
-l
~

. %

Influxes of turbid water into calm,
protected water.
Suspension settle out,
minimal bedload transport.



- Upper Appekunny summary

¥

* - -various sediment types
-within storm wave base
-sporadically exposed
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Misleading colors

Lake
KOIOCEI"I'IE;-—’; ype Apikuni

Rainbow Lake

1000
100 m
I

-member distinctionis largely
based on color

based on
color/lithology {

-limits the usefulness of .
member distinction /

(on regional scale)

Grinnell
Member 5

8 Member4
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Predictable sediment types

N efo st ™ e Apiicuni
as Al : Rainbow Lake
-Appekunny formation, as 5 EI
defined by sediment types, is 1"
mappable unit et A
o lowest
— rnicrocouplet based on
-distinct and extensive contacts color/lithology
B Burke based on
- sed. typesg
_ci i vici Gradational
simple 2 (or 3)-part subdivision P
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Crinkle crack depositional model

Rock record

{

\,

g {

o > o
> y ’ 4
ke - !

.| subaqueous subaerial

Horodyskia
crinkle crack
‘ desiccation crack
i ripples

_— . -aligned to en-echelonin plane view, filled from above
- -crinkled in cross section (compaction)
-common in sediment types of intermediate depth (wave base)
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Crinkle crack depositional model | |

Rock record _ , Modern analog \ / P S E e
plane view ane Vi
— SRR e T Orbital Wave Solitary-Like Wavcé
i \-//\ |
v 3y o - OWater T |

B ) i : " el - h’enefg Q Column

hid
O

&

| 'Ten,sion' cracks formed by waves throu.gﬁ fl
- filled by sand bedload, crinkled by compact

(Winston and Smith, 2016) A‘:%




Paleoflow

~ E-W wave action,
throughout Appekunny Fm.

>

Dog Lake (

Bi-directional paleoflow
(ripples and crinkle cracks)

Nidi?

n=4) Koocanusa (n=177) Type (n=14)

SW-directed (offshore) flow ;
at Type section ol

P> synthesis =3

on-

(bedforms and ripples)

.\?"\-\_\.?' /

Type (n=21)

Uhidirectional paléoﬂowli
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Depositional model i i
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Conclusions

-Appekunnyfm is mappable unit, defined by sediment types
(hummocky silt)

-resolves competing models of the transition member
-draws attention to a basin-wide shift in depositional environments

...floodingof the carbonate bank, filling of the Prichard basin,
west-to-east wave-drivensilt bed load, transition to playa.
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lowest shallow-water featur

)
[%3

Rainbow (aka dog)

BURKE FM
Transition member

Lake section
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cracked
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BURKE FM
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Cressman, 1985

line rock

PRICHARD FM

Ransome and Calkins, 1908

This study
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Recommendations

-map based on sediment type, not color/lithology

-apply Appekunny name to units below Burke/Grinnell and
above Prichard/Altyn fms.

-place basal contact below lowest
flat-laminated/hummocky-cross-stratified silt
(or above highest line rock/laminated dolostone)

-place upper contact below lowest
| microcouplet
(or above highest flat-laminated/
hummocky-cross-stratified silt)

PS> Cor:iusiong

[owest

micrOcouplet

Gradational
(Burke)

1000
100 m

Upper
Appekunny

ammated

|
|owest flat ocky)silt

(or humm

Lower
Appekunny

Prichard
(line rock)

%o Ol

Ko

Lake
ocam;’;ype Apikuni l\

Rainbow Lake

based on
color/lithology

based on |
sed. types

Grinnell




Finishing what Don Winston started

-measure sections of potential Appekunny, across the basin X
-in Coeur d’Alene district and Helena Embayment -—-eég_
-test and refine stratigraphy
-upper and lower contacts
-develop internal members (if useful regionally)
-expand/refine sediment types/depo models

-map (1:100,000) using Appekunny stratigraphy

-make Winston Collection more accessible to public
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