Common Depositional Sequences

Sequences that represent geologically instantaneous events, lasting a few hours to a few days

Point Bar
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S | Sand |Gr
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cross beds

- mud
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= Large trough I
0 cross laminations - lag gravel
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=0 — y Mud pebble gutter
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Channel scour
L-Bar/T-Bar Bouma
(Braided River) (Turbidity Current: Submarine Fan)
C |S | Sand |Gr C |S | Sand |Gr
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Submarine Fan Depositional Models

FEEDER CHANNEL
DEBRIS D-B SLUMPS
l FLOWS CGLS
>,

=50 o ’D)
l l l L_J __________ L
SLOPE INTO BASIN _J

THIN BEDDED TURBIDITES
ON LEVEE

CONGLOMERATES : N, VrreR o
INVERSE - TO-NORMALLY |3 - A\ -
GRADED -7 _-" T PEBBLY SSTS.
TERRACE —#=
GRADED-BED |-, s ol
- ~ - // -
GRADED- LT
STRATIFIED P
- / peo :
2 MID -FAN ’

SUPRAFAN LOBES
SMOOTH

INCISED
CHANNEL

PROXIMAL

CLASSICAL TURBIDITES

NEW SUPRAFAN

LOBE
v LOWER FAN
BASIN o
PLAIN )
THIN BEDDED " NO RELATIVE SCALE IMPLIED

B Coarse-grained Medium-grained
turbidite turbidite
(classic Bouma

sequence)

Fine-grained

turbidite
/ \“:“:-:\\\
////// S5 ) s E
IR

Slope trough
__—Slope trough levee

_-Filled trough

- Distal slope
¢ " sands

A

A

e/ ACTIVE

LL______M igrating slope — y
troughs /7

Migrating
Fan plain slope troughs _ Active fan
L PE -

= Bed load transport

No scale

Extreme vertical DISTAL SLOPE WEDGE c

exaggeration

Fig. 12.45. Carboniferous-Permian Sweetwater Slope Group of the
Midland Basin Texas (after Galloway and Brown, 1973).
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Depositional Systems in Two Stages
In the Development of a Terrestrial Rift System

(a) Early footwall catchments develop
Migration and deposition of Shallow lake i aasily eloded Iincloay

aeolian sands controlled by in hangingwall
interplay of regional winds and ~depocentre /7
local structural topography &

Early syn-rift depocentre in
growth syncline, bounded
by fault tip monocline

Lateral propagation and A
interaction between fault
segments leads to

along-strke onlap
L

==y Fault scarp with
' incipient drainage
catchments

sourced from incipient
footwall catchments

Fluvial channels bells/ /

preferentially stacked in
D Fluvial plan/playa centre of early growth syncline

Aggradational alluvial tans /

@ Antecedent drainage incising
into uplifting footwalls

/ Drainage diverted around
propagating fault tips
a Pre-rift regional palaeoslope

a - Early Fault Stage: Initiation stage: numerous isolated fluvio-lacustrine sub-basins.

(b) River channel incision and
terrace formation (high

-—

7
Large catchment
at segment bou

-

&

Ly

Tdin

-
i

Axial delta sourced
'orm segment bounda
and axial catchments

pluvial lake highstand
(high runoffilow
sediment supply)

Fault zone with l
high run offflow
sediment supply

. ; pluvial lake

\

Deep highstand¥
luvial lake with
basinal turbidites

footwall-sourced
fan delta‘s

Fault zone with
high run off/high
sediment supply

Fluvial plan/playa

Alluvial fans/fan deltas

E] Lake Turbidites

Rift initiation stratigraphy (Fig. 6a)

@ Antecedent drainage incising
into uplifting footwalls

@ Diversion of antecedent river
through segment boundary

~  Lake shoreline terraces -¥=  Abandonded river course

b - Interaction and Linkage Stage; abandonment of smaller grabens.
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thickness in DM »

-«

€= — Flooding Surface ------------------
Shallow, proximal, near shore ) A
> Thick, amalgamated sand beds with large

planar and/or trough cross beds; small
ripples common.

 \

Very thick amalgamated sandstone beds
with reactivation surfaces; thickening and
thinning, intersecting lamination bundles,
} or undulating lamination bundles,

sometimes with "" (hummocky) upper
surface, and/or small ripples.

Text book hummocky sequence

c | s| sandlcr

==
SEEE X

AN

Thicker beds that may swell and pinch
laterally, sometimes disappearing
altogether; laminations may truncate at top
} or bottom of bed; some beds with more
than one lamination bundle; overlying
bundles scour into underlying bundles;
may have rippled upper surfaces.

= Lag
=l Gravel

Scours, flutes

~
Parasequence
Filling Accommodation

AN

Thin, flat-laminated beds of uniform
thickness, or that begin to undulate - over
} meters horizontally - laminations follow top

and bottom of bed; coarse silt to very fine
sand.

Deep, dark, distal shelf J

Flooding Surface ================--
Top of underlying parasequence

_J




Upper Martinsburg (Cub Sandstone), Catherine Furnace.
Measured by Rick Diecchio and Lynn Fichter, August, 2012

C/S| Sand Gr C/S| Sand Gr

Parasequence
brach/crinoid Boundary 2 mudstone

thin amalgamated
7 thin fine wackes 15— sands w/ clay drapes

(not to scale)

laminated, clean

Parasequence
............... Boundary 3
e ——___Parasequence
Boundary 1 | _jgmw—————
thin§ 3.{)—2.0; 14
laminations ] thinning; dipping

thin amalgamated

laminati I k
sands w/ clay drapes aminations (hummocky)

thin, fine, wackes
(not to scale)

5 thinning; dipping
laminations (hummocky);
abndt. brachiopods

convolute bedding
s -] fossil lag; clams/brachs/ (spheroidal weathering?)
4 crinoid/snail/nautiloid;

peaty

laminations

convolute bedding

thins; laminations;

===———""—"1 crinoids

9 laminations

3 19 L) brachiopods
[
pinches to
zero
crinoids/brachs/bryozoan
2 10 18
5 g £
L
S 5 5
©
IS wavy top; £ E
O 1 . . o O
D aminations © (3]
Bl o o
] Bl Ll
1% 4] o
3} D o
<o = =
] . ] ©
=] pinches to zero IS £
cm scale,fine,
9 17 wacke sand beds
9 dm may be present
8 dm-
7 dm
6 dm
undulating 5dm 5 dm
laminations 4 dm
3.dm L 3.dm
2dm dlpp.lng. 2.dm
> laminations
1 dm - 1dm
------ 9
0 scour (gutter?) 8 16

lower outcrop too deteriorated
to measure accurately




Upper Martinsburg (Cub Sandstone), Catherine Furnace.
Measured by Rick Diecchio and Lynn Fichter, August, 2012

~nNo

9 meters & decimenters

~no

/S| Sand |G 18 ¢/s| sand  |Gr
- : | spheroidal : ol
weathering
scour
Wacke; fining upward?
e dipping, wavy
E====>""""{ laminations
X (hummocky?)
brachiopods

——————————1 laminations
38 L )
(flaky weathering)
L
)
= dipping e .
— omg - e
[Eee—=—————] laminations laminated
e throughout
37 45 (patchy
expression)
P thinning & thickening
— S = w/X-laminations;
I e — scour bottom; hummocky | @ e
b )
| scour
i (gutter?)
— clay drape where
36 two sands touch 44
L ————————
L )
L] m scour amalgamated
ER T ripples
N slight thinning
& w/ laminations;
ﬁ hummocky
e . .
(spheroidal weathering)
35 43

brachiopods

Parasequence
Boundary 4 whisps of sand
(wavy bedding?)
34— 4
N
L )
S spheroidal
£ weathering Hummocky
O
[}
<
>
f
L
©
£ -
laminations
33 41
Hummocky
32 40
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55

54
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49

Upper Martinsburg (Cub Sandstone), Catherine Furnace.
Measured by Rick Diecchio and Lynn Fichter, August, 2012

¢/s| sand |Gr

Undulating top;

clay drape between

likely

reactivation

surfaces

possible

laminations

scour

laminations

throughout

4 Spheroidal

weathering

Thins;
laminated
(hummocky)

Wacke
(flaky bedding)
(graded bedding)

Graded ?

Reactivation
surface

64

C/S| Sand

Gr
_ Parasequence

Wacke

Wacke

59

(€]

Boundary 6
Gently
dipping
lamination
bundles
(hummocky)

(flaky bedding;
may grade from
lower sandstone)

Graded?

Spheroidal
weathering

Clay drape (sand amalg.)
Scour (reactivation surface)
Dipping lamin. (hummocky)

(punky, flaggy

weathering)
~~(graded bedding?)

Scour

-.| Dipping lamin.
5 (hummocky)

Silt

Faint laminations

Starved fossil

> meters & decimenters

(&

megaripple

4

Starved fossil megaripples

Clam surface (exposed
on flatiron)
Reactivation Surface

rippled top

Probably amalgamated
showing little distinct
internal structures

Numerous cm scale
sandstones, some with
ripples; not drawn to
scale

Thins to zero

Covered




¢/s| Sand

Upper Martinsburg (Cub Sandstone), Catherine Furnace.
Measured by Rick Diecchio and Lynn Fichter, August, 2012

80

75

~
N

meters & decimenters

Amalgamated, laminated
sand beds, 0.5 to couple
dm thick; thinning and
pinching (hummocky)

Wacke with
lenticular
bedding

(not to scale)

Hummocky (laminations
in thinning bundles)

Thin, flaky
bedding
Graded bedding?

Reactivation
surface

Reactivation
surface

Reactivation
surface

Reactivation
surface

Reactivation
surface

Probably amalgamated
showing little distinct
internal structures

Gr

Undulating top

Probably amalgamated
showing little distinct
internal structures

Scour

Wacke
(thin, flaky bedding)

- Large trough
= cross bedding

84

Wacke
(thin, flaky bedding)
.| Graded bedding?

. o0
meters & decimenters ™

o]

8dm

: Large planar
.| cross bedded

Interbedded
sandstones/shales;
generally thickening
upward

(not to scale)

E————1 Amalgamated, laminated

7 dn— =]
6 —— sand beds, 0.5 to couple
5 E=——————1 dm thick; thinning and
" E————"— pinching (hummocky)
4 dmf’é
————
34
In——
|
2 dm*é
1 dm—]
80 7—§§

9

C/S| Sand Gr

Covered

94—

lenticular

92

91

Scour (clay
filled)

Silty; perhaps

Laminations

No clear internal
structures; probably
amalgamated



Upper Martinsburg (Cub Sandstone), Catherine Furnace.
Measured by Rick Diecchio and Lynn Fichter, August, 2012

Massanutten
Sandstone

116.5

Outcrop completely
weathered and covered

Partial outcrop;
weathering gaps

about 16.5 meters
of covered
section

Mostly
vine covered

Partly exposed;
not measured

O
(=)

10 amalgamated
sands with possible
clay drapes

O
[¢~)

Thin, flaky
weathering

__ May be graded

> meters & decimenters

O

Thinly laminated,
flakey, weathered
sand

State of the Outcrop and Measured Section

The Catherine's Furnace section of the "Cub sandstone" or upper
Martinsburg is badly deteriorated by weathering, masking many of the
sedimentologic and stratigraphic signatures. Some relatively clean arenite
beds do stand out, but wacke beds are more common and often have diffuse
boundaries, especially at the top where they may grade or fine upward into

flaky weathered units looking superficially like weathered silt or shale but on

close examination are sand rich. Many parts of the outcrop that look to be
dominated by weathered shale/silt have sand rich zones that may be lenticular,
wavy, or flaser-type bedding, but without distinct bed contacts to identify them.
Sand rich zones were not mapped as beds unless distinct contacts were visible.
We frequently used the cleavage to distinguish shale layers because the shale
cleavage differs by a few degrees from the bedding fissility of weathered wacke
or silt beds.

Many of the sand beds change thickness laterally, thickening and/or
thinning, or pinching to zero, but it is easy to miss these changes. The
thickening/thinning may occur on both the top and bottom of the bed; or on
one or the other, often it is not possible to tell. Some sandstones shows internal
layering (laminations or cross bedding), and were indicated as such, but many
do not, or have only a faint hint of internal layering. We assume that all the
sandstone beds were deposited by flow regime conditions that would result in
laminations, beds, or bedsets (as opposed to mass transport mechanisms),
consistent with the beds for which we do have flow regime structures

Many of the thicker sandstone beds are almost certainly amalgamated
(composed of more than one deposition event separated by reactivation
surfaces, such as scours, clay drapes, or pebble lags). In some cases the
reactivation surfaces were visible, but often they were not. Flow regime and
environmental interpretations are based on a composite of all the information
in the section and extrapolated to parts of the section where evidence was
sketchy or missing. Our interpretation is most consistent with storm shelf
parasequence models.

1t is difficult to be entirely objective when measure a section like this.
We strove to be consistent in the accuracy and precision of the data collected,
especially across the coarsening/thickening upward changes in the section, but
someone else might make different judgements about what is significant or not,
and therefore what patterns are present. We welcome discussion and debate on
these differences of observation and opinion.
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fall = shallower

> <€

= deeper

rise

Composite Sea Level Curves and Sequences

2nd order

\ 3rd going up

3rd and 4th both going
going up; exaggerated rise

--------------------------- sequence thinnger
than average

3rd and 4th both going
going down; exaggerated fall

4th going down;
muted rise



The QFL Distribution
Of Sedimentary Rocks
In Various Tectonic Regimes

StABLE CONTINENTAL CRATON Quartz

RecycLeD OROGEN
B Continent-continent collision, or
Continent-volcanic arc collision
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