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Geochemical and related evidence for early 
Noah’s Flood year
Harry Dickens and Aaron Hutchison

Early Flood year geological activity included major vol-
canics, huge amounts of continental erosion, deposition 

of sheet sandstones, mass flows, banded iron formations with 
high phosphate content, high volumes of nutrients, and the 
burial of diverse marine invertebrates. Chemical parameters 
used in this study include 87Sr/86Sr ratios, oxygen levels, 
lithology types, carbon isotopes, carbonate formation, the 
order of precipitation of barium and iron, phosphorus levels, 
sulfur isotopes, organic matter burial, and molybdenum 
isotope ratios.

Explaining the cause-effect relationships of the rock 
record at the interface between the Precambrian and Pha-
nerozoic rocks is a complex task:

“Determining the geodynamic causes of extensive 
Neoproterozoic continental denudation followed by 
Phanerozoic sedimentation, and linking those dynam-
ics to the timing and spatial distribution of marine 
transgression and biogeochemical change, is now a 
challenge for geoscience.”1

This paper seeks to address this challenge by invoking 
a framework of the early stages of the Flood year based on 
correlating inferred common geochemical processes to the 
biblical and geological records. Therefore, geochemistry 
should help clarify events and processes operative during 
the early phase of Noah’s Flood year.

An anticreationist geologist said:
“Sedimentation in the past has often been very rapid 

indeed and very spasmodic. This may be called the 
Phenomenon of the Catastrophic Nature of the Strati-
graphical Record.”2

Many chemical reaction rates increase exponentially 
with increasing temperature.3 As such, chemical reactions 
can occur very rapidly under conditions such as hydrother-
mal activity. Even at room temperature, many chemical 
precipitation reactions necessary for mineral formation occur 
almost instantly.4 The rapidity of the basic chemical reac-
tions involved is consistent with a young-earth creationist 
understanding of Earth history.

This paper proposes a five-stage time sequence for the early part of Noah’s Flood year, with an emphasis on geochemistry. 
Early Flood year processes include the fountains bursting forth, enormous rain, and sea level rise. The Neoproterozoic to 
Cambrian stratigraphy of the Mackenzie Mountains of north-west Canada is well described in the literature. This location 
is used as a key example of strata inferred to have formed during the early Flood year. Neoproterozoic stratigraphy is 
subdivided upwards into Tonian, Cryogenian, and Ediacaran strata.

Broadly speaking, the initial Flood deluge would have 
caused enormous erosion of the land, and concurrently the sea 
level rose until eventually all the earth’s land was covered.5 
This initial enormous erosion of land is an important aspect 
of the Flood year that must be recognized in conjunction with 
the marine transgressions of the Flood year.6 The Cordilleran 
stratigraphy of North America, and particularly the Macken-
zie Mountains of Canada published by such researchers as 
Colpron et al.7 (figure 1) and Hoffman and Halverson8 (figure 
2), serve as a good illustration of how these processes could 
rapidly form Neoproterozoic to Cambrian strata during the 
early stages of the Flood year. The abundant published studies 
written on this region that have geochemical relevance make 
it an especially useful example for closer analysis.

Discussion

The following is a proposed Flood model for the Mack-
enzie Mountains (figure 1) in five stages in approximate time 
order for the early Noahic Flood year. We maintain that the 
generally accepted secular deep-time ‘radiometric ages’ used 
in this paper are not absolute ages. In addition, we assert 
that the events described occurred some thousands of years 
ago, but in similar order as the referenced radiometric dates.

Stage 1

A. Pre-Flood sediments

The stratigraphic section of the Tonian Mackenzie Moun-
tains Supergroup adapted from Hoffman and Halverson8 
(figure 2) illustrates how the supergroup likely represents 
pre-Flood deposition in a large epicratonic basin9 (Stage 
110). Detrital zircon provenance studies indicate that the 
Katherine Group quartz arenite was in part delivered by a 
continent-crossing early Neoproterozoic river system drain-
ing the mountains of Grenville Province in the south-east of 
North America.11 The Little Dal Group has giant microbial 
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carbonate reefs,9 and the presence of sulfate ‘evaporite’ 
indicates the action of hydrothermal springs. These features 
suggest the presence of a hydrothermal biome on the pre-
Flood continental shelf.12

B. Initial tectonism and volcanism

Consistent with Genesis 7:11 and Proverbs 3:20a, Noah’s 
Flood may have been initiated by God causing the mantle to 
heat in a cataclysmic global thermal-tectonic episode, crack-
ing open the earth’s crust and driving out water to the earth’s 
surface. Secular scientists have found evidence of episodic 
rifting events at the margins of North America between 0.8 
and about 0.6 Ga. These are thought to record the fragmenta-
tion of a Neoproterozoic supercontinent.13,14 This is consistent 

with the breaking open of the crust by the fountains of the 
great deep, followed by further continental extension and 
then ocean formation.

Mafic volcanic rocks record widespread igneous activity 
during regional rifting along western North America10 and the 
Cryogenian breakup of the supercontinent. Researchers have 
inferred that large continental flood basalts were emplaced 
when the supercontinent began to break up. A major example 
of this volcanism is northern Canada’s Franklin Large Igne-
ous Province, which is over 2 million km2 in area.15

87Sr is a radiogenic daughter isotope of 87Rb and is found 
in silicate rocks such as granite, which are a significant part 
of continental crust. The abundance of radiogenic 87Sr rela-
tive to ‘common’ 86Sr in a sample of sediment is related to 
the amount of sediment that originated from the erosion of 
continental crust. Lowered 87Sr/86Sr values indicate hydro-
thermal and oceanic sources. In north-west Canada, a low 
87Sr/86Sr value in early Neoproterozoic strata (ca. 830 Ma) has 
been correlated with a large input of juvenile crust and the 
Pan-African event.16 The Pan-African event relates to mas-
sive rifting on the Cordilleran and Appalachian margins of 
North America, as well as immense continental erosion and 
enormous water flows.17 In north-west Canada, breaking open 
of the crust enabled extensive volcanism, which intruded as 
far as the top of the Mackenzie Mountains Supergroup, where 
it formed pillow basalt lavas8 (figure 2).

The Little Dal Group (at the top of the Mackenzie Moun-
tains Supergroup—figure 2) is inferred to be the highest 
pre-Flood formation in the Mackenzie Mountains (figure 1).

The basalt which intruded the Little Dal Group (figure 2) 
is inferred to have formed as part of an ongoing extensional 
regime while the early Flood year fountains were active. 
Extension and intracratonic basin deposition (Stage 1 of fig-
ure 2) is thought to have occurred contemporaneously with 
the intrusion of the Franklin and Gunbarrel large igneous 
province dike swarms of northern Canada.10

The Coates Lake Group (the lowest section within the 
Windermere Supergroup—figure 2) is inferred to have been 
deposited on top of the Little Dal Group at the very begin-
ning of the Flood year. The sandstone and siltstone-rich unit 
may have formed from sediments eroded from the land by 
the massive rainfall. A layer of sulfate18 within the Coates 
Lake Group formed when the heat from magma, welling up 
because of the igneous activity concurrent with the fountains 
erupting, led to CaSO4 precipitating from the waters. Along 
with the magma came hydrothermal fluids rich in CO2. 
Widespread and prolonged rain and fountains pouring forth 
(Genesis 7:11–12) caused enormous runoff. Dead organisms 
and other nutrients carried in the runoff provided food for 
microbes, which then helped convert the CO2 to carbonates 
(figure 2, Stage 2). The laminated, stromatolitic nature of the 
carbonate layer at the top of the Coates Lake Group supports 
this interpretation of its formation.19,20

Figure 1. Distribution of late Neoproterozoic strata in western North 
America, showing the location of the Mackenzie Mountains in north-west 
Canada (after Colpron et al.7)
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The Coates Lake Group likely represents deposition in 
embayments of a rift system.9 It hosts significant strata-
bound copper deposits in a series of half-grabens, which we 
suggest are related to the first stage of the supercontinent 
breakup.21 Chloride brines may have leached copper from 
the underlying Little Dal Basalt, and then passed through 
reducing sulfate-bearing strata of the Coates Lake Group, 
which triggered the precipitation of copper sulfides.21 This 
hypothesis is supported by the fetid, black carbonates of the 
Copper Cap Formation, which is the top part of the Coates 
Lake Group.8. The coarse-grained limestones have abundant 
sparry calcite cement with δC13 values near zero. These δC13 

values suggest that the source of the sparry calcite cement is 
at least in part from CO2 produced by methane fermentation 
of organic material in the substrata.22 The reducing nature 
of these carbonates could have enabled the precipitation of 
the copper sulfide.

Enormous rainfall impacted the North American continent 
at this stage, causing increased erosion and the mass-flow 
deposition of coarser sediments, forming diamictite along 
with sandstone, siltstone, and mudstone (figure 2, Stage 2). 
These sediments characterize the Rapitan through Icebrook 
formations of figure 2. The Rapitan and Icebrook forma-
tions have respectively been correlated worldwide with the 
supposedly ‘glacial’ Sturtian and Marinoan strata.23 The 
finer-grained shale, sandstone, siltstone, and limestone of the 
Twitya Formation and the Keele Formation, which overlay 
the diamictite of the Rapitan, suggest a rising sea level.

The basal Twitya Formation has a cap carbonate overlying 
the Rapitan Group (figure 2).18 δ13C values suggest somewhat 
higher input of inorganic carbon to the carbonates of the 
Keele and Ravensthroat formations compared to the carbon-
ate in the Coates Lake Group. This indicates a fresh input of 
inorganic carbon from volcanic hydrothermal fluids contain-
ing carbon dioxide, which led to oversaturation of carbonate 
and precipitation of calcite and aragonite, some of which 
later underwent diagenic dolomitization.24,25 However, the 
still increasing 87Sr/86Sr ratio indicates a significant amount 
of this carbon may be from continental carbonates that were 
eroded into the basin as well. It has been proposed that some 
cap carbonates formed both by microbially mediated pre-
cipitation during algal blooms under low salinity conditions 
and by direct precipitation of aragonite unto the seafloor.25 
The presence of flakestone provides additional evidence for 
extensive calcium carbonate precipitation.

Stage 2

A. Enormously powerful and destructive continental erosion

The Noahic rain event (Genesis 7:12) was the greatest 
rain event ever recorded in the history of the earth. Erosion 
was consequently immense and powerful enough to erode 

and peneplane hard crystalline basement rocks around the 
globe and wear mountains down.6,17 The modern-day canyon 
formed in the spillway of California’s Oroville Dam demon-
strates that water is powerful enough to rapidly erode even 
hard crystalline rock.26 We infer an enormous erosion of land 
associated with the early Flood year’s rain.5

The significant Neoproterozoic 87Sr/86Sr isotope ratio 
increase as reported by Peters and Gaines1 and reproduced 
in figure 3 is consistent with enormous erosion of notably 
radiogenic continental crust1,5,6,24,27,28 during the Pan-Afri-
can event.29 The ‘radiometric timespan’ for this increase in 
87Sr/86Sr ratio is approximately 0.4 Gyr (between 0.9 Ga and 
0.5 Ga, i.e. early Neoproterozoic to mid-Cambrian—figure 
3), but in the biblical framework the actual time elapsed 
would have been of the order of weeks to months. This 
‘radiometric timespan’ likely represents the time from the 
initiation of Noah’s Flood (associated with fountains hydro-
thermal activity) and massive continental erosion caused by 
rain, to a time of greater oceanic influence with accumulation 
of sediments on the continents as the Sauk sequence began 
to be deposited.5,17 87Sr/86Sr ratios in Cambrian sedimentary 
carbonates are the highest of Phanerozoic strata.30,31 High 
crustal erosion rates have been inferred from Cambrian 
87Sr/86Sr values in north-west Canada.16 The large supplies 
of clastic sediments that flooded into basins imply high rates 
of erosion of the basin hinterlands, which in turn can explain 
the progressive rise in 87Sr/86Sr (figure 3).

Detritus resulting from continental erosion was entrained 
in flowing water, which produced Neoproterozoic sedimen-
tary cover sequences.17 This included thick sedimentary suc-
cessions found in North America’s Cordilleran region. Zircon 
grains of Grenvillian age (1.0–0.9 Ga) were recovered from 
lower Neoproterozoic sedimentary basins in north-western 
Canada, more than 3,000 km away from the nearest source 
in the Grenville Province on the other side of the continent.11

The pre-Flood earth and its people were destroyed during 
the Flood year (Genesis 6:13) in the sense of its topography 
and people being totally wiped away (Matthew 24:39). This 
drastic transformation began with an enormous erosional 
event from the early Flood year’s prolonged and globally 
extensive rain. Early in Noah’s Flood year, even high moun-
tains were eroded down and peneplaned. Today’s Grenville, 
Mazatzal, and Yavapai provinces in south-eastern North 
America are considered to be examples of the roots of eroded 
mountains.6,32

B. Cryogenian mass flows

Enormous torrential rain is inferred to be responsible for 
initial massive subaerial sheet erosion of the continental 
landmasses. This was followed by huge submarine mass 
flows, depositing immense volumes of sediments, as the 
Flood advanced.17 In contrast to lower Neoproterozoic sheet 
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sandstones, mid-Neoproterozoic (Cryogenian) sequences 
contain poorly sorted diamictites, so-called ‘glacial’ depos-
its,14 especially on continental margins such as North Amer-
ica’s Cordilleran.33–35 These ‘glacials’ are instead considered 
to represent submarine landslide deposits33–35 along active 
tectonic zones as the marine transgression of the Flood year 
progressed. Cryogenian deposits are mainly poorly sorted 
immature clastic sediments, with lesser volcanic rocks.

Cryogenian ‘glacials’ have a close association with sedi-
mentary rocks formed in warm climates.36 Warm, not cold 

conditions have been interpreted from associated kaolinite, 
diaspore, redbeds, dolomite, and limestone with phytolites,37 
as well as abundant carbonates with stromatolites and car-
bonate ooids.38 Flakestone, a very distinctive fine-grained 
carbonate facies with its characteristic broken-up clasts, is an 
indicator of the action of stormy seas39 and not an ice-covered 
sea. Structures interpreted as giant wave ripples (generated 
by sea surface waves) have been observed in cap carbonate 
rocks from the Mackenzie Mountains, as well as Australia, 
Brazil, Namibia, and Svalbard.40 Waves would not have been 

Figure 2. Composite stratigraphic section of Neoproterozoic to Cambrian strata in the Mackenzie Mountains, Canadian Cordillera (section based on 
Hoffman and Halverson;8 Stages in the North American Cordilleran margin from Yonkee et al.10), together with an interpreted early Flood year process model.
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possible in an ice-covered ocean. The ubiquitous association 
of Neoproterozoic iron formations with thick successions 
containing numerous levels of rounded dropstones in Canada, 
Australia, Brazil, and Namibia indicates that mixing across 
a redoxcline occurred repeatedly during a sustained interval 
of energetic hydrological cycling, which is incompatible 
with a globally static ice cover.25 We regard the Cryogenian 
Snowball Earth hypothesis as seriously flawed.

Transfer of atmospheric carbon dioxide to the ocean dur-
ing rifting would enable rapid precipitation of calcium car-
bonate in warm surface waters, producing the cap carbonate 
rocks over Cryogenian diamictites which are observed glob-
ally.25 Carbon dioxide build-up from active Flood fountains 
is believed to have contributed to the rapid precipitation of 
calcium carbonate discussed earlier.

Massive erosion and deposition due to early Flood year 
rain is inferred to have rapidly laid down Cryogenian stra-
ta. Submarine landslides are indicated by diamictites in 
the Rapitan Group and Ice Brook Formation. The Rapitan 
Group (figure 2) consists of diamictite, debris flow depos-
its, turbidites, siltstone, shale, sandstone (including arkosic 
sandstone), and volcanics, as well as banded iron forma-
tion.17,41–43 Rapitan iron formations are found in extensional 
grabens that are associated with the initial breakup of the 
supercontinent, and are commonly found in association with 
mafic volcanics. Geochemical data indicates that Rapitan iron 
formations resulted from mixing between hydrothermal and 
detrital components, while rare earth element data indicates 
substantial interaction with seawater.43

Overlying the Rapitan Group is more Cryogenian strata, 
including shallower-water carbonate and siliciclastic strata 
of the Keele Formation, and the “glacial-related” Ice Brook 
Formation (figure 2).21 The Ice Brook Formation has ‘hotel-
size’ megabreccia (figure 2). These so-called ‘glacials’ may 
represent a second phase of mass flows early in Noah’s 
Flood year.

The geochemistry of cap carbonates around the world 
carries a strong hydrothermal signal.36 Consistent with this, 
Canadian Neoproterozoic diamictites are marked by negative 
δ13C carbonate and correspondingly depleted δ13C organic and 
lower 87Sr/86Sr.44 Dissolved CO2 from hydrothermal fluids and 
volcanic activity would have provided a significant source 
of inorganic carbon, overshadowing even the effect of mas-
sive burial of organic carbon that was occurring throughout 
the Flood year. The 87Sr/86Sr ratio of hydrothermal fluid is 
lower than that of seawater and continental crust.45,46 There 
is an overall Neoproterozoic to Cambrian trend of rising 
87Sr/86Sr values due to enormous continental erosion (figure 
3). However, at times the hydrothermal input caused some 
dips in the overall trend of increasing 87Sr/86Sr values for 
Neoproterozoic strata.

C. Cryogenian barium, iron, and phosphorus occurrence

The most specific and typical feature of Cryogenian strata 
globally is the occurrence of so-called ‘glaciogene’ rocks 
from two stratigraphic levels. The upper or Marinoan ‘glacial’ 
is usually overlain by sediments with a higher concentration 
of barium. In the Mackenzie Mountains example (figure 1), 
Ravensthroat dolostone caps the Ice Brook Formation (figure 
2) and contains a layer of BaSO4 .

18 The lower or Sturtian 
‘glacial’ (such as the Rapitan in figure 2) is commonly asso-
ciated with sheet deposits of iron ores and basic volcanics.44

This appearance of a barium layer several levels above an 
iron formation is common.44 We believe this indicates that 
all the Cryogenian sedimentary layers (between the iron and 
the barium) must have been deposited rapidly. Hydrothermal 
fluids characteristically contain iron, barium, and sulfide. If 
these mixed with seawater above wave base, atmospheric 
oxygen could oxidize iron and sulfide. Iron oxide deposi-
tion in the form of hematite in both Sturtian and Marinoan 
strata implies a build-up of ferrous (Fe2+) iron in seawater 
and subsequent mixing of deeper, suboxic water with shal-
lower, more oxidizing water.25

Fe2O3 is significantly less soluble than BaSO4. However, 
both are highly insoluble and would be expected to pre-
cipitate from the water almost as quickly as they formed.4,47 
The presence of the iron oxides stratigraphically beneath the 
barium sulfate suggests bacterial action increased the rate of 
Fe oxidation. The oxidation rate of both Fe(II) and sulfide 
is variable based on pH and bacterial action.48,49 Despite the 
lower solubility of Fe2O3, if the BaSO4 formed first it would 
precipitate first. In this specific environment, the presence 
of Fe(III) oxides below BaSO4 indicates that the oxidation 
of the iron was concurrent with or preceded the oxidation of 
the sulfide, suggesting bacterial action may have encouraged 
the conversion of Fe(II) to Fe(III). However, it is unlikely 
that the sulfate took significantly longer to form than the iron 
oxides. This suggests that the layers between the Rapitan and 
Ravensthroat were deposited very quickly.

Venting of hot fluids into cold neutral seawater causes 
rapid quenching and supersaturation, enabling the immediate 
precipitation of colloidal particles of ferrous hydroxide and 
hydrous ferrous silicate. The episodic character and rapid 
deposition of turbidity and density currents, lasting a few 
hours to days, is in direct contrast to the slow deposition of 
annual micro-laminations over millions of years inferred by 
earlier models for the origin of banded iron formations.50

During and immediately after the older, Sturtian ‘glacial’, 
the deeper parts of the ocean are inferred to be anoxic and 
with sufficient ferrous iron to sequester very large amounts 
of sulfur derived from bacterial reduction of sulfate. A huge 
shift in the sulfur isotopic composition was global, and this 
is inferred to have been accompanied by the reduction of as 
much as half the sulfate in the anoxic parts of the oceans.44
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A pouring out of volcanics and associated hydrother-
mally formed banded iron formations in the Neoproterozoic 
occurred catastrophically in the early Flood year. The main 
iron oxide mineral in Rapitan-type BIF is hematite (Fe2O3) 
and this may have appeared blood-coloured.17,37,51

The rift-related Rapitan Group (figure 2) hosts billions of 
tonnes of phosphatic stratiform iron formations21 and associ-
ated diamictite. Rapitan Group iron formation, in common 
with other Cryogenian iron formations, has much higher 
phosphate contents than Paleoproterozoic and Archean iron 
formations.8 This indicates unusually high dissolved phos-
phate concentrations and is related to high rates of primary 
productivity and organic carbon burial.52

The greatest global phosphogenic episode in geologic his-
tory occurred in Late Precambrian and Cambrian time.53 It is 
noteworthy that all continents except Antarctica, to date, are 
known to have Precambrian-Cambrian transition sedimen-
tary phosphate. These phosphorite deposits are generally 
found stratigraphically above Cryogenian diamictites, as 
well as generally below shelly fossils.37 Precambrian-Cam-
brian transition phosphorite is associated with catastrophic 
ocean water mixing (deep anoxic and shallow oxic oce-
anic waters), as inferred from sulfur isotopes.54,55 Upwelling 

of hydrogen sulfide-rich deep ocean 
water to become surface waters at the 
Precambrian-Cambrian transition is 
indicated by the basal Cambrian black 
shale molybdenum isotope signal.56 
Upwelling currents are inferred to have 
supplied phosphate-rich waters to con-
tinental shelves where phosphorites 
were deposited around the world.39 The 
very active Flood fountains of the great 
deep would have caused catastrophic 
mixing of deep and shallow waters.27,57

Stage 3: Ediacaran: oxidation/reduction

It has been claimed that there was a 
rise in atmospheric oxygen in the Edia-
caran (late Neoproterozoic), and that 
this was related to tectonism.58 This 
inferred episode of increased atmo-
spheric oxygen is called in the secular 
literature the “Neoproterozoic Oxy-
genation Event” (NOE).17 However, 
in a YEC model of Earth history, the 
atmosphere already had to have oxy-
gen levels comparable to modern times 
since the earth was full of human and 
animal life.

We do not believe the so-called 
NOE interval represents a massive 

increase in atmospheric oxygen. Rather, the increase in oxi-
dized species in the stratigraphic record may simply indicate 
the movement of elements in a reduced state (such as S-2, 
Fe2+, and CH4), from deeper water to above wave base where 
they underwent oxidation by atmospheric oxygen. The very 
active Flood fountains of the great deep could have caused 
catastrophic mixing of deep and shallow waters.27 Across the 
globe, it is likely that anoxic seafloor sediment was brought to 
the surface while near-surface material was suddenly buried. 
We infer that the resulting near surface oxidation of reduced 
sediments was the source of the supposed NOE.

Simultaneously, buried organic carbon would have under-
gone decay, depleting waters of oxygen and creating localized 
reducing conditions in some areas and at some time periods. 
Careful study of the redox proxies used to support the NOE, 
such as δ82/76Se values,59 redox-sensitive element enrichment 
and sulfur isotope ratios,60 cerium-anomaly values,61 and 
δ238U62 all reveal just such a pattern. Rather than one dramatic 
and steady oxygenation event, the evidence shows multiple 
cycles of both oxidation and reduction, with a general pat-
tern of oxygenated surface waters overlaying anoxic waters 
characterized by organic decay.60 This pattern is consistent 
with trends in δ13C for these sediments.62 Rather than a single 

Figure 3. Summary of major geochemical and sedimentary patterns derived from Neoproterozoic 
to Ordovician strata. There is a shift from widespread continental denudation to widespread 
sedimentation on the continents (after Peters and Gaines1). We infer that:
• The observed increase in the Neoproterozoic strontium isotope ratio 87Sr/86Sr can be explained 

by accelerated rates of denudation due to the impact of the early Flood’s rain on the supercon-
tinent and to associated Pan-African event tectonism. The Sturtian (S) and Marinoan (M) sup-
posed ‘glaciations’ are instead times of massive mass flows due to enormous runoff caused 
by the colossal rain of the early Flood year.5,6,17

• The subsequent decline in 87Sr/86Sr ratio in post-Cambrian strata is associated with the first 
continental-scale marine transgression of the Phanerozoic.1 The supercontinent was covered 
with ocean so that the Flood’s rain no longer had a direct impact on the land.5,6,17



84

JOURNAL OF CREATION 35(1) 2021 ||  PAPERS

oxygenation event, the Neoproterozoic waters were charac-
terized by a complex and fluctuating redox chemistry, while 
the atmosphere maintained a relatively high oxygen content, 
similar to today.

Stage 3 (Ediacaran) (figure 2) is considered to represent 
lithospheric cooling following Cryogenian rifting.10 Edia-
caran strata in the Mackenzie Mountains include shale and 
turbidites of the Sheepbed Formation, carbonate strata of the 
Gametrail Formation, thick terrigenous, clastic strata of the 
Blueflower Formation, and carbonate dominated rocks of 
the Risky Formation.21 Based on sedimentary facies, these 
Ediacaran formations are thought to have formed in marine 
environments with water depths ranging from deep (conti-
nental-slope) to shallow (areas of wave action).9

Mass mortality and a sudden decrease in biological pro-
ductivity prior to the ‘Cambrian explosion’ (the lowermost 
appearance of shelly fossils in the stratigraphic record) 
has been inferred from a negative δ13C global geochemical 
anomaly in carbonate-containing black shale at the Precam-
brian-Cambrian transition. Kimura and Watanabe63 claimed 
that this corresponds to the widespread development of an 
oxygen-deficient (anoxic) shallow marine environment—a 
“Strangelove ocean”.64 We suggest that this relates to the 
consumption of oxygen in shallow waters due to the presence 
of dissolved organic material undergoing decomposition. 
This dissolved organic material has been inferred to include 
that derived from pre-Flood animals and some shelly inver-
tebrates.27 Vertebrate decomposition uses oxygen from the 
surroundings,65 creating anoxic conditions.

Stage 4: Immature siliclastics and volcanics

This stage is characterised by continuing erosion as evi-
dent by the increasing 87Sr/86Sr ratio trend for North America 
which reached a peak within Cambrian strata1 (figure 3). As 
mentioned in Stage 1, the abundance of radiogenic 87Sr rela-
tive to ‘common’ 86Sr in a sample of sediment is related to 
the amount of sediment that originated from erosion of con-
tinental crust as opposed to that originating from the ocean. 
In other words, the strontium isotope ratio 87Sr/86Sr is linked 
to runoff caused by erosion. This runoff in turn is related to 
the amount of rainfall and to tectonism. At times of lower 
rainfall there is less runoff, and conversely with more rain-
fall more runoff occurs.66 “Tectonic setting is the principal 
controlling factor of lithology, chemistry, and preservation of 
sediment accumulations in their depocenters, the sedimentary 
basins.”67 In summary, the greater the topographic relief due 
to tectonism, and with more rain, the more the runoff and 
greater volume and thickness of sediment deposited.

In the Mackenzie Mountains the Neoproterozoic strata is 
over 10 km thick (figure 2). This huge thickness of strata is 
consistent with the effects of Pan-African event break-up tec-
tonism, active fountains of the great deep and enormous rain 

in the early Flood year, commencing with Stage 1. Water and 
entrained detritus flowed downward towards the continental 
margins where there is now thick Neoproterozoic strata. Sea 
level in the pre-Flood seas would have risen at the same time 
as the adjacent land was being massively eroded, until even-
tually the whole globe was covered with water and the rain 
no longer directly impacted the land. Sea level rise indicated 
by North America’s Sauk Megasequence is inferred to follow 
the initial break-up of the supercontinent.68

The continuity of the basal Sauk sandstone layer across 
North America is a testimony to the extent and uniformity 
of the first great marine transgression of the Phanerozoic.69 
In the Mackenzie Mountains of Cordilleran Canada this 
sandstone is represented by the Backbone Ranges Forma-
tion9 (figure 2). Lower Cambrian strata correspond to the 
onset of the first major Phanerozoic marine transgression 
preserved extensively in North America at the base of the 
transgressive Sauk Megasequence, which culminated in the 
Great American Carbonate Bank.70

Marine transgressive deposits can be recognised through 
an upward deepening of facies.71 In addition to North Ameri-
ca, evidence of sea level rise is provided by a universal fining 
upward sequence that has been observed in other Cambrian 
and Lower Ordovician (Sauk Megasequence) strata around 
the world including Greenland, UK, Russia, Australia, Boliv-
ia, and Ghana.72 A classic fining upward succession occurs 
in Grand Canyon Cambrian strata (Tapeats Sandstone then 
Bright Angel Shale). Similarly, in Stage 4 of the Cambrian of 
the Mackenzie Mountains, the Backbone Ranges Formation 
sandstone is succeeded by the Vampire Formation mudstone 
(figure 2). “Global or worldwide marine transgression” is the 
descriptor in the secular literature.55 This is another way of 
saying global flooding!

Fluctuations in carbon dioxide levels during Stage 4 are 
considered to be related to the fluctuating opposing influences 
of volcanic release73 versus consumption with the weathering 
process.1 It has been inferred that, during Stage 4, rifting of 
the supercontinent and associated volcanism led to separation 
and transition to drift with the opening of an ocean basin in 
the west of Cordilleran North America.10

Stage 5: Early Paleozoic sea and carbonates

Subsidence histories of passive margins are a key indicator 
of worldwide continental extension and then ocean formation 
beginning at 0.6 Ga.13 Cambrian (through Devonian) strata 
of the Mackenzie Mountains were deposited on Neoprotero-
zoic strata in a developing passive margin which underwent 
thermal subsidence.10 An expansive Paleozoic siliciclastic-
carbonate passive margin was established,9 beginning with 
Stages 4 and 5 (figure 2).

We acknowledge and commend the great amount of work 
that fellow creationists Tim Clarey and co-workers have 
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done in mapping the thickness and extent of megasequences 
on several continents.74 This data compilation was used to 
infer a sea level curve based on the assertion that the lateral 
extent, volume, and thickness of the megasequences relates 
to the height of sea level.75 For instance, they inferred that 
the lesser lateral extent and volume of sediment in the Sauk 
Megasequence indicates minimal flooding.76 However, these 
assertions regarding height of sea level and amount of flood-
ing are refuted by numerous lines of evidence. 87Sr/86Sr ratio 
and sedimentary thickness curves correlate77 because both 
curves are a function of runoff. As mentioned in Stage 4, 
runoff and therefore the thickness and volume of sediment, 
is related to tectonism and rainfall.

The great thickness of Neoproterozoic strata (over 10 km 
in Stages 1–3) (figure 2) due to rain and powerful tectonism 
was followed by much thinner Cambrian strata (Stages 4 
and 5) (figure 2). During marine transgression, such as in 
the Cambrian, the coastline moved landwards and the marine 
area enlarged. This is accompanied by a reduced sediment 
influx to the basin.71 Water rising in Stage 4 meant less area 
with direct impact by rain and so less sediment influx and 
less powerful erosion. Times of sea level rise over land are 
marked by an excess of carbonates over siliclastics.66 This can 
be seen in Stage 5 with the Great American Carbonate Bank.

Major oil companies find sea level curves to be invaluable 
in petroleum exploration since they provide useful models 
to help predict the location of reservoir rocks and petroleum 
source rocks. Researchers at Exxon were among the first to 
develop global sea level curves using seismic stratigraphy, 
based on oil exploration seismic and well data from around 
the world.78 The Exxon sea level curve rises in the Cambrian 
to a peak at the end Cambrian. Subsequently, others refined 
Exxon’s curve and interpreted global sea level to have risen 
in the Cambrian to an Ordovician peak.79,80

Haq and Shutter used reference geological sections from 
North America, Australia, northern and southern Africa, 
north-western Europe, and China to develop their curve for 
the Paleozoic. This augmented earlier results from subsurface 
data and the stratigraphic interpretation method of Exxon. 
Quantitative data from paleontology demonstrated increased 
diversity of plankton and pelagic organisms with higher 
sea level.81 The global Cambrian to Ordovician increase in 
marine invertebrate genera has been related to increased 
habitat area as the rising sea level transgressed the land.66,82 
During sea level rise and maximum flooding of continental 
shelves, increased biological productivity, combined with 
greater preservational potential for organic matter in the 
expanded and deeper lower oxygen zone, make such sedi-
ments most likely locations for petroleum source rocks.81 
In addition to seismic stratigraphy, Hallam used additional 
techniques such as paleogeographic mapping, occurrence of 
depth-related invertebrate and algal groups, glauconite con-
centration and facies correlation to develop sea level curves 
for the Phanerozoic.79

Drowning of cratons has been inferred from lithofa-
cies changes in uppermost Proterozoic and Cambrian stra-
ta around the world. Peritidal carbonate platforms were 
drowned, to be followed in places by phosphorites and then 
black shales which form in deeper water.83 This drowning of 
cratons has been inferred to correlate with the time Noah’s 
Ark rose and floated on the waters.27

Consistent with the above-discussed independent lines 
of evidence (seismic stratigraphy, fossils, and sedimentary 
facies), the decline in 87Sr/86Sr ratio after the peak in Cam-
brian strata1 (figure 3) is inferred to be due to ocean forma-
tion,13 such that the enormous rain of Noah’s Flood no longer 
directly impacted the land.5,17 In other words, by Stage 5 ris-
ing water in the early Flood year covered the land.

Deposition of the Sauk Megasequence of north-western 
Canada occurred along a complex segment of the rifted 
western margin of North America.84 The Great American 
Carbonate Bank comprises the carbonates (and related silici-
clastics) of the Sauk Megasequence, which were deposited 
on and around the North American continent during Cam-
brian through earliest Middle Ordovician, forming one of 
the largest carbonate-dominated platforms of the Phanero-
zoic.85 Although the term ‘Great American Carbonate Bank’ 
is understood to have originally just been used for the North 
American continent, the term has also been used elsewhere, 
such as in western South America,86 as well as Scotland and 
Greenland.87 Cambrian carbonate-rich strata, such as the 
Sekwi Formation of the Mackenzie Mountains (figure 2), 
accumulated in an extensive shallow epicontinental sea as 
siliciclastic sources were covered during the Sauk marine 
transgression.10

While carbonates were forming throughout the Flood, 
precipitation of carbonate sediments reached a peak in the 
Cambrian-Lower Ordovician strata of the Sauk sequence of 
North America.88 Petrographic textures (displasive growth 
of calcite crystals within the claystone matrix) and depleted 
δ13C values provide evidence of rapid direct precipitation of 
carbonate at the sediment-water interface.1 The ‘Cambrian 
explosion’ of organisms with carbonate skeletons and the 
proliferation of bioturbating organisms are coincident with 
the onset of a carbon cycle with isotopic fluctuations damped 
in both frequency and amplitude.44

The Cambrian-Lower Ordovician peak in carbonate for-
mation may possibly have been enhanced by input of fresh 
rainwater along with high concentrations of carbon dioxide. 
Although we infer that Flood waters had completely covered 
the land, continuing rain may have contributed a significant 
amount of freshwater, which is more favourable for carbonate 
precipitation than seawater. Simultaneously, CO2 input may 
have peaked as the Cambrian has been inferred to have the 
highest modelled atmospheric carbon dioxide concentrations 
of the Phanerozoic.89
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Conclusions

Geochemical processes played a significant role early in 
Noah’s Flood year. We have proposed a time sequence of 
early Noah’s Flood year including various items of evidence, 
with an emphasis on geochemistry of North America. Early 
Flood year processes discussed include fountains bursting 
forth, enormous rain, and the timing of sea level rise.

The Neoproterozoic to Cambrian stratigraphy of the 
Mackenzie Mountains of north-west Canada is used as an 
example (figure 1). Early Flood year geological products 
are inferred to include volcanics, huge continental erosion, 
sheet sandstones, mass flows, banded iron formations with 
high phosphate content, nutrients, and marine invertebrate 
diversity.

Backed up by evidence, we infer key differences to current 
common secular views of Neoproterozoic geological history:
• So-called ‘evaporites’ in Little Dal Group and Coates Lake 

Group formed by hydrothermal means, rather than by sub-
aerial evaporation.

• Cryogenian diamictites formed by mass flows rather than 
by ‘glaciation’ and a ‘Snowball Earth’.

• Neoproterozoic oxidation of sediments due to vigorous 
upwelling and mixing of suboxic sediments associated 
with energetic Flood fountains, rather than the ‘Neopro-
terozoic Oxygenation’ of the atmosphere.

• Deep-time is unnecessary and unrealistic for geochemical 
reactions (such as formation of BIF and copper sulfide 
orebodies), particularly under hydrothermal conditions.

Key inferences in time order:
1. The Mackenzie Mountains Supergroup represents pre-

Flood deposition in a large epicratonic basin. Katherine 
Group quartz arenite was in part delivered by a continent-
crossing early Neoproterozoic river system draining the 
mountains in the south-east of North America. Sulfate 
‘evaporites’ of the Little Dal Group indicate the action of 
hydrothermal springs in a hydrothermal biome on the pre-
Flood continental shelf.

2. The bursting forth of Flood fountains is indicated by exten-
sional tectonism and associated large igneous province 
activity and intrusives into the Mackenzie Mountains 
Group.

3. Early Flood year’s enormous rain caused huge continental 
erosion, consistent with the Sr ratio trend upwards from 
the Neoproterozoic to Cambrian. This erosion was power-
ful enough to wear down crystalline basement rocks.

4. Supposed ‘glacials’ in the Cryogenian strata (Rapitan 
Group and Ice Brook Formation) are considered to have 
formed as mass flow deposits associated with downslope 
water movement in early Noahic Flood times.

5. Rapitan phosphatic BIF formed hydrothermally in asso-
ciation with volcanic activity.

6. Carbonate-rich marine Cambrian strata formed in North 
America and some other continents as the sea transgressed 
the land.

7. Sr ratio decreased post-Cambrian as the land was covered 
by water and the rain was not directly impacting the land.

8. Cambrian to Ordovician increasing sea level and increase 
in marine invertebrate diversity.

A possible application for further investigation is to use 
geochemistry to help distinguish other phases of the Flood 
event year, such as marine regression and drying phases.
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