UNIVERSITY OF LEEDS

This is a repository copy of Reply to Discussion on ‘Tectonic and environmental controls
on Palaeozoic fluvial environments: reassessing the impacts of early land plants on
sedimentation’ Journal of the Geological Society, London,
https://doi.org/10.1144/jgs2016-063.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/116377/

Version: Accepted Version

Article:

Santos, MGM, Mountney, NP orcid.org/0000-0002-8356-9889, Peakall, J et al. (3 more
authors) (2017) Reply to Discussion on ‘Tectonic and environmental controls on
Palaeozoic fluvial environments: reassessing the impacts of early land plants on
sedimentation’ Journal of the Geological Society, London,
https://doi.org/10.1144/jgs2016-063. Journal of the Geological Society, 174 (5). pp.
950-952. ISSN 0016-7649

https://doi.org/10.1144/jgs2017-031

© 2017 The Author(s). This is an author produced version of a paper published in Journal
of the Geological Society. Uploaded in accordance with the publisher's self-archiving

policy.

Reuse

Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of
the full text version. This is indicated by the licence information on the White Rose Research Online record
for the item.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Journal of the Geological Society

Reply to Discussion on 'Tectonic and environmental controls on Palaeozoic fluvial
environments: reassessing the impacts of early land plants on sedimentation'.

Manuscript Number:
Article Type:
Full Title:

Short Title:

Corresponding Author:

Corresponding Author E-Mail:
Other Authors:

Manuscript Classifications:
Additional Information:
Question

Are there any conflicting interests,
financial or otherwise?

Samples used for data or illustrations in
this article have been collected in a
responsible manner

Suggested Reviewers:

Opposed Reviewers:

--Manuscript Draft--

jgs2017-031
Discussion Reply

Reply to Discussion on 'Tectonic and environmental controls on Palaeozoic fluvial
environments: reassessing the impacts of early land plants on sedimentation'.

Reply to Discussion on Santos et al. (2017)

Mauricio G.M. Santos, Ph.D.
UFABC
Santo André, Sdo Paulo BRAZIL

mauriciogmsantos@gmail.com
Nigel P. Mountney

Jeff Peakall

Robert E. Thomas

Paul Wignall

David M. Hodgson

Palaeoenvironments; Palaeontology and geobiology; Sedimentology

Response

No

Confirmed

Greg Retallack, PhD
Professor, University of Oregon
gregr@uoregon.edu

Alessandro lelpi

Laurentian University

aielpi@laurentian.ca

Linked with many of the authors of the Discussion.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Article text

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

26
27

28
29

30
31
32
33
34
35
36
37
38
39
40
41
42

Click here to download Article text
Reply_Santos_et_al_JGS.docx

Reply to Discussion on ‘Tectonic and environmental controls on Palaecozoic
fluvial environments: reassessing the impacts of early land splant
sedimentation’.

Mauricio G.M. Santds Nigel P. Mountne¥ Jeff Peakafl Robert E. Thom&sPaul B. Wignaf, David
M. Hodgson

1_ CECS, Universidade Federal do ABC (UFABC), Santo André, Brazil.
2_ School of Earth and Environment, University of Leeds, Leeds, LS2&KIT,

I ntroduction

We thank Davies et al. (2017) for their Comments and welcome the oppottuhityher discuss the

role of early land plants on fluvial environments. Critically, Davieale(2017) note that although
testable hypotheses exist for the possible role of early land plants, they remain untested, and thus there
is correlation (between an increase in meandering systems and early plmis} amny mechanistic
causation. In Santos et al. (2017) we challenged this causation, offering an altereatia@iam for
increasing meandering channels based on a unique set of tectonic and environmental tastrol
important to be clear that Santos et al. (2017) focused on this meanderingtramsitthe possible

role of early land plants. Davies et al. (2017) conflate our comments regardimgpidets of early
land-plant evolution with the longer-term influence of vegetation; therdlésdibubt over the longer-

term role played by vegetation, particularly in stabilizing deeply rootdd. $duvial sedimentary
successions are strongly influenced by tectonics, climate, sediment flux and sea level, and we question
whether early land plants of limited size and restricted occurrence were alieninate over such
controls during terrestrialization (cf. Leeder 2007). We maintain our prirmigaiment that a series of

abiotic factors conspired to induce a worldwide increase in the proportion of meandering rivérs, whic

in turn favoued development of an environment appropriate for land-plant evolution and colonization

of the continents.

Davies et al. (2017) raised three main issues: 1) Palaeogeograinig; 2 Meandering without
vegetation; and, 3) Early terrestrial life. Here we address these successively.

1 Palaeogeogr aphic setting

Davies et al. (2017) argue that tectonic, sea-level and environmental aodit@cyclical, and thus
abiotic controls cannot account for the “unidirectional singularity” of the Mid-Palaeozoic Facies Shift
(PF9. This argument conflates the initiation of the PFS with the subsequent evalupants. We
argue for a two-phase process: first, tectonic and environmental influencédedrappropriate
conditions for the accumulation of extensive fine-grained sediments on low-gradient gla@ssa in
turn, this provided optimal conditions for increased river bank stabilitytlaeby the growth of
meandering channels. These conditions, in turn, aided plant terrestrialization bgingradeal
growing conditions. Later evolution of plants led to much deeper root®¢A8gScheckler 2010;
Kenrick & Strullu-Derrien 2014; Santos et al. 2017), which provided sigmifi@dditional bank
stability and led to a semi-permanence of this facies shift. Howeverseftnal major mass extinctions
there are abrupt shifts between meandering and braided states (Ward et al. 2000; Retll26k6;
De la Horra et al. 2012); thus the shift to meandering occurs muitigs and is bidirectional. Cyclical
abiotic controls may be responsible for examples of meandering river dgpmsit® thePFS though
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there could be no positive feedback encouraging greening of the continents and iawg éaclas shift.
Furthermore, the low percentage of rocks preserved in earlier successions mad@shamnsitions
difficult to assess (Blatt & Jones 1975).

We have highlighted the predominance of equatorial, orogenic, Euramerican stsdiegdrt the PFS,
and, to our knowledge, examples of muddy overbank fines in other regions are lintited bath of
which are marine-influenced and were assedatith high sea level (Hunter & Lomas 2003; Xue et
al. 2016), further supporting our model. Our decision to cite data that prehdaptate tectonics
paradigm was deliberate: the information from Weller (1898) relates toewelavariations not
tectonics, and demonstrates the long-recognised significance of the highest seat#tvel of the
Phanerozoic.

2) M eandering without vegetation

Davies et al. (2017) question our use of abiotic meandering experimelgsdinitting they form, and
change the question from what do experiments tell us about the key drivers on meairnkaring r
development, to what is the role of vegetation in flumes? Vegetation in fhesdseen shown to aid
the formation of single-thread rivers (Tal & Paola 2007; Braudrick @0809), though in the absence
of fines then these were at best wandering (Neill 1973) or irregularly sinbangsals (Desloges &
Church 1989). However, it is critical to note that the root depths in thgsriments exceeded the
depth of the channels (see Gran & Paola 2001), thus simulating riparian treeshaathearly land
plants These root networks provided incred®ank stability that was key to the development of these
single-thread channels (Tal & Paola 2007; Braudrick et al. 2009). Théostditds a meandering state
in the experiments confirms field observations and numerical modelling that stiygdsaiding-
meandering threshold is associated with rooting depths similar to the channe(Rkgthie et al.
2006; Eaton & Giles 2009). Additionally, Coulthard (2005) performed singilgeriments with
sparsely distributed shrub-like vegetation, and reported increased braidilogs. Thus, the
introduction of vegetation may not only cause the development of meandering balsmayacerbate
braiding (Coulthard 2005). Consequently, the vegetated meandering experiments averda
comparable with Late Devonian and younger systems where roots are deep andjgoificknt bank
stability. In contrast, early land plants with shallow and simple roctisg$e.g. Retallack 199%vould

not have contributed significantly to river bank strength, and may have actethfiorce braiding
Furthermore, we note that the only experiments which have successfully accumulatest inclin
heterolithic strata (IHS) did not use vegetation (Peakall et al. 2007; Van de Lagealeg014), thus
demonstrating that vegetation is not required for the formation of IHS.

Davies et al. (2017) raise a series of points about our analysis of magndéhout vegetation
Curiously, meandering planforms as observed on Mars, Titan, and in our satellite imladesgrt
channels, as well as early examples of IHS on Earth, are all consideredssiblgmas evidence to
support our argument for abiotic meandering at the Mid-Palaeozoic PFS. Thesg atadiismissed
in terms of differences in fluid dynamics (Titan); the absence of groundrguittum a rover (Mars);
the lack of sedimentary cross-sections (planforms of desert systems)ative aucity of preserved
early Earth examples ¢l S; and by changing the nature of the question to one focused on vegetation,
with regard to the experiments (see above). However, it remains théhatisdl of these examples
demonstrate that vegetation is not required for the formation of meandering chansiedgplcontrast
to this array of evidence for meandering in the absence of vegetation, no studgrtteensnstrated a
meandering channel that is primarily controlled and stabilised by plants withreottdts relative to
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89 channel depth. In facts discussed previously, the opposite is true, with field, experimental, an

90 numerical evidence that the braiding-meandering transition is associated with rootingsoheiiingo

91 the channel depth (Gran & Paola 2001; Beechie et al. 2006; Tal & Paola 2007; BratidticR009;

92  Eaton & Giles 2009).

93

94

95 3 Early terrestrial life:

96

97 Davies et al (2017) note that “it is presently uncertain exactly how primitive land plants, with

98 apparently only limited root-like organs, forced the PHSirthermore, Davies et al. (2017) suggest

99 that there are several hypotheses for the influence of early land plantsgdmiaire all untested. Here
100  we examine the three hypotheses: 1) plants acted to bind floodplains, potentiatlydesetvation of
101 dead roots as floodplains aggrade; 2) plants acted as baffles trappingffjngs plants aided the
102  production of fine-grained sediment. Interestingly, all of these hypotheses revoled athe
103  construction of fine-grained floodplains with the accumulation of dead rotite asly possible direct
104 role of early land plants in providing bank stability. On this latter paintdver, in modern rivers, bank
105  stability is highly dependent on the ratio between rooting depth and bank henglet,asemaller
106  proportion of any bank failure plane is affected by roots where there al@shadts and high banks
107  (Abernethy & Rutherfurd 1998; Beechie et al. 2006; Eaton & Giles 200@nFeankhead et al. 2013;
108  Konsoer et al. 2016 onsequently, river bank stability models do not recognize DaviessgRal 7)
109 proposed process of aggradational accumulation of short roots (Thomas & RuildmeBd 2010;
110  Pollen-Bankhead et al. 2013). Similarly, palaeosols from this period inlisitiy do not support the
111  development of rapidly aggrading soils that build up thick rootleted horizons sedleof channel
112  depths (Kenrick & Crane 1997; Retallack 198%eo & Scheckler 2010; Mintz et al. 201T hus,it
113 appears unlikely that the binding effect of plants on floodplains was subktHiotivever, even if these
114  hypotheses are proven they would be allied to the unigue set of circumstances recorded ley &antos
115 (2017) that were ideal for the accumulation of fines. Consequently, any bindipging, and
116  production of fines by early land plants was likely only an additional component tdatbes
117  tectonically and environmentally driven signal. Our analysis of root-detliten is claimed to be
118  ‘selective’ and ‘inaccurate’, yet no evidence is provided to support this ‘critique’. We assume that the
119  well understood and accepted increase in root depths intrinsic to our compiled idatasdieing
120 challenged. Furthermore, our key point that root depths were very small iteeariglants is directly
121 supported by Davies et al. (2017); these plaads‘only limited root-like organs”. So we are unclear
122 what aspect of our study is being challenged; rather the key point is staffirghed by these authors.

123 Regarding what Davies et.&2017) consider as “numerous errors and contradictions” of our data on

124  palaeobotany, we make five points: for obvious reasons we focus on plant fossils that have been
125 linked to the rise of meandering deposits, rather than on palynology of non-preservedreents, or

126  intramontane floras; (ii) our assertion that the earliest vegetation may have exertdisfiuénce to

127  pre-<existing microbial mats is claimed to be “unfounded” yet the only evidence offered is that these are

128  mechanically different(iii) Wellman et al. (2013) show that early land plants spread from Gondwana,
129  (iv) we did not question vegetation cover by the Early Devonian, but rtivapact on sedimentation,

130 a different point; and {\the megabias against Palaeozoic dryland plants discussed by Falcon-Lang et
131 al. (2011) considers Pennsylvanian strata, not Ordovician-Devonian strateettta¢ subject of our

132 manuscript. Finally, the claim of Davies et al. (2017) that the widadpdevelopment of favourable
133 terrestrial environments would be expected to trigger a polyphyletic plaatioads unfounded. We
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contend that the difficult challenge for plants, of making the transitiogrtestrial habitats, makes it
unsurprising that it was only achieved once.

Conclusions

In their summary statement, Davies et(2017) argue that a “singular and unidirectional facies shift
occurs in the global rock record in close stratigraphic alliance witlugwohry developments in the
palaeobotanic record”. However, we show that the meandering facies shift occurs multiple times and is
bidirectional. We also show herein that the correlation between the initiagtohthis facies shift and
palaeobotany does not imply causation. We argue that the limited size, root-depth and env&onm
range of early plants were too small to influence river bank stability @rdtive the change to
meandering. Furthermore, we argue for a two-phase process: firstly, tectonic authreental
influences provided a unique set of conditions for the accumulation of largeifihdsw-gradient
coastal plains that provided optimal conditions for river bank stgb#ditd thus the growth of
meandering channels. In turn, these aided plant terrestrialization by pgpuidial environmental
conditions for land plant growth and subsequent evolution, leading to deepsasstenissthat provided
significant bank stability and led to a semi-permanence of this facies shift, with théi@xoémnajor
mass extinctions. In support of these arguments, we provide an array of evidence foretieeprés
abiotic meandering channels. In contrast, there remains no mechanistic evideheedte of early
land plants in generating meandering planforms, and in fact, experimental, field, andcalumer
evidence all suggest that the braided-meandering transition is linked to muten gyetadepths, that
scale with channel depth. In summary, we maintain our argument that tectoreenarmhmental
conditions were key for the initial facies shift, and not early land plantghandater plant evolution
reinforced this initial shift.
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