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ABSTRACT 

Paleoflood data are restrictive reflections of climatic 

conditions, representing one component of a region's 

climate; high rainfall intensity storms. In regions with a 

fairly simplistic, uniform hydroclimatological setting 

(floods above a given magnitude threshold are caused by 

predominantly one type of atmospheric circulation pattern), 

the temporal distribution of floods reflects that of the 

causal circulation pattern. 

Slackwater-deposit-based paleoflood reconstructions for 

three rivers in northern Australia cover an aggregate of 

1200 years. Slackwater deposits (SWD) are fine-grained 

sediments which settle from suspension in low velocity areas 

during floods. These deposits approximate the flood's high 

water level, and allow reasonably accurate estimation of 

discharge. Radiocarbon dating of associated organics, and 

thermoluminescence (TL) dating of the 90-125 ~m quartz 

fraction of the sediments, produce a paleoflood chronology. 

In this study, radiocarbon ages on SWD ranged from 1200 yr 

8P to modern, while TL ages on SWD and other fluvial 

sediments ranged from 2.6 to 60 ka. TL dating appears to 

have a large temporal range (1-100 ka) and a restricted 

spatial range (the lower reaches of a basin), while 

radiocarbon dating has a more restricted temporal range (0-



35,000 yr BP) and a large spatial range (anywhere in the 

basin). 

19 

The northern Australian paleoflood data formed clusters 

at 300-440 yr BP and 160 yr BP - present. This distribution 

is attributed to variations in the intensity of the EI 

Nino/Southern Oscillation (ENSO) circulation (which prevents 

floods from occurring in northern Australia), and the anti

ENSO circulation (which is associated with large floods). 
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I. INTRODUCTION 

The paleoflood reconstructions in this study are based 

on slackwater deposits (SWD). Slackwater deposits are fine 

grained sediments which settle from suspension in low 

velocity areas produced by channel margin irregularities 

during floods. In stable-boundary systems, these deposits 

approximate the flood's high water level, and allow 

reasonably accurate estimation of discharge. Radiocarbon 

and thermoluminescence (TL) dating of the deposits produce a 

paleoflood chronology useful in extending flood frequency 

records. 

The technique of SWD-based paleoflood reconstruction is 

now well-established, having been successfully applied to 

rivers in both the southwestern United States and Australia 

(Baker and others, 1979; Patton and others, 1979; Kochel and 

Baker, 1982; Ely and Baker, 1985; Webb, 1985; O'Connor and 

others, 1986; Baker and Pickup, 1987; Partridge and Baker, 

1987). However, past studies have involved mainly a 

statistical approach to the extension of flood frequency 

records and risk analysis using paleoflood data, and the 

determination of controlling factors on the morphology of 

bedrock fluvial systems (Baker, 1977). This study 

represents a different emphasis of approach. 

The purpose of this research is to investigate the 

applicability of paleoflood reconstruction using SWD to the 



understanding of paleoclimatic conditions. It is an 21 

approach to the problem of climatic variability in relation 

to the hydrologic cycle, focusing on the extreme events 

which produce low frequency, high magnitude floods. 

Standard hydroclimatological stUdies relate average, longer

span climatic data, such as annual/seasonal rainfall, to 

average, longer-span hydrological characteristics, such as 

annual/seasonal flow. This study concentrates instead on 

the unusual events operating within the framework of average 

conditions. 

Paleoflood data are restricted reflections of climatic 

conditions, representing one component of a region's 

climate; high-intensity-precipitation-producing storms. 

This component sometimes has a consistent relationship with 

the other components of overall climate, however, such as 

seasonal mean atmospheric flow patterns, or the distribution 

of average seasonal precipitation. Thus, paleoflood data 

may indirectly reflect a broader spectrum of climatic 

conditions. 

The paleoflood records of three rivers in northern 

Australia, covering an aggregate of 1200 years, are used to 

test the hypothesis that paleoflood data are applicable to 

the interpretation of paleoclimate. In a region with a 

fairly simplistic, uniform hydroclimatological setting - one 

in which floods above a given magnitude threshold are caused 

by predominantly one type of atmospheric circulation pattern 



- the temporal distribution of floods should reflect the 

temporal distribution of the causal circulation pattern. 
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If 

the intensity of flooding has waxed and waned through time, 

producing flood clusters and gaps, then presumably the 

intensity/frequency of the causal circulation pattern has 

also varied. 

The three study rivers, the Burdekin, Herbert, and East 

Alligator Rivers, were chosen for their geographic location 

and climatic controls. They lie within the seasonal 

tropics~ a region with a monsoonal rainfall regime of wet 

summers (Nov-Mar) and dry winters (May-Sep). The principal 

control on precipitation is the seasonal movement of the 

Intertropical Convergence Zone (ITCZ). a zonal convective 

region of high cloudiness and rainfall. Fluctuations in the 

position and intensity of the IrCZ are associated with the 

Southern Oscillation (SO), an out-of-phase oscillation 

between sea-level pressure over the eastern tropical Pacific 

and that over the western tropical Pacific and Indian 

Oceans. Rainfall in northern Australia occurs in four basic 

forms; (1) local convection, (2) equatorial or monsoonal 

troughs, (3) easterly disturbances, and (4) tropical 

cyclones. The first three forms all produce widespread 

precipitation, while tropical cyclones produce intense. 

spatially restricted rains. Cyclonic rainfall is 

responsible for the majority of the largest historic floods 

on the study rivers; thus flood frequency reflects cyclone 



frequency. Variations in cyclone frequency are associated 23 

with variations in the ITCZ/50 system, so that the 

occurrence of floods can be used as a proxy indicator of 

large-scale circulation patterns. 

Paleoflood records from northern Australia show flood 

clusters at 300-440 yr BP and 160 yr BP-present, with an 

absence of floods at 160-300 yr BP. These data may be 

approached in two ways: (1) By assuming that the 160-300 yr 

BP period represents anomalous climatic conditions (relative 

to the present), or (2) by assuming that the 300-440 yr BP 

and 120-160 yr BP periods are anomalous. In either case, 

the anomalous periods may be interpreted within the 

frameworks of variations in the intensity or pattern of 

convective circulation in the ITCZ~ or fluctuations in the 

intensity of SO circulations. Because of the convergent 

results of these paleoclimatic scenarios, the paleoflood 

data do not provide the basis far a final choice. Rather, 

they help to constrain the choices - constraints which 

should prove useful to other methods of paleoclimatic 

research. 

§~QE~_Qf_~bi§_I~§~~[~b 

A series of questions must be addressed when 

determining the importance of paleoflood records in 

paleoclimatic studies. These include the following: 

(1) How regionally representative is the paleoflood record 

from a single river? That is, how far is one justified in 
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applying the conclusions derived from a single river over 

an area larger than the river's drainage basin? 

(2) How many rivers does one need a paleoflood record from 

in order to characterize accurately the paleoclimatic 

conditions of a region? How well do the records from 

adjacent river systems correlate? 

(3) What type of temporal resolution does this technique 

provide? For example, for several thousand years of record, 

can one determine flood periodicity to an interval of 50 

years, 100 years, or a longer interval? Is the primary 

control on resolution produced by the dating methods used, 

or by the geomorphic situation? 

(4) How selective is the preservation of deposits of floods 

above a given discharge threshold, and how will this 

selectivity affect the conclusions? 

(5) Is the paleoclimatic information contained in these 

deposits significant enough to warrant the effort necessary 

to understand it? Will knowledge of the periodicity of 

flood-generating events be of use in paleoclimatic 

reconstructions? 

This study addresses these questions of the geographic 

relevancy of paleoflood records via the working model of a 

flood hydroclimatic region. Historical meteorological data 

and river discharge data are used to define a flood 

hydroclimatic region for each river, where a flood 



hydroclimatic region is a continuous geographic area in 

which major flood-generating precipitation is produced by 

recurrent atmospheric circulation patterns. The river is 
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then assumed to represent accurately the climatic conditions 

throughout the region, so that long term changes in 

circulation/storm patterns reflected in the paleoflood data 

should be applicable to the entire region. 

The concept of a flood hydroclimatic region proved to 

be a useful working model. The data from this studv 

indicate that a single river does not adequately represent 

such a region~ however. Due to the vagaries of SWD 

preservation at individual sites. it is preferable to base 

paleoclimatic reconstructions on data from as manv sites. 

and as many rivers within a flood hydroclimatic region, as 

possible. 

This study also sets up a conceptual framework within 

which to examine the relation of paleofloods to 

paleoclimatic conditions. Because of the generally limited 

extent of paleoflood data, standard techniques for assessing 

hydrological stationarity are not applicable. This study 

uses a more general framework of uniformity vs. 

nonuniformity in the temporal occurrence of high magnitude 

floods. and defines several types of climatic histories 

which could produce such records. 

The conceptual framework presented here could be 

applied to paleoflood studies in any region. Previous 



paleoflood studies, in both Australia and the United 

States, have been conducted in semiarid desert or savannah 

environments. This study examines rivers in the seasonal 
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tropics which flow through tropical rainforest and open 

woodland environments. Despite serious logistical 

difficulties, it is demonstrated that paleoflood studies of 

this common type of tropical river are feasible and 

informative. This is not meant to be a definitive work on 

the three study rivers. Rather, working within the time and 

budgetary constraints of a PhD dissertation, it is a 

demonstration of possibilities, and an initial step toward 

their fulfillment. 

t:!~~!:!QQ§ 

Fieldwork was conducted from June to November of 1986, 

and primarily involved the selection, description, sampling, 

and surveying of appropriate study reaches on each of the 

three rivers, as described in chapters II and III. 

As a first approximation, the research involved in 

this work may be divided into two broad sections: 

(a) paleoflood reconstruction; this involves the field 

study of the SWD, flood discharge modelling using the HEC-2 

computer program (Hydrologic Engineering Center, 1979), and 

flood frequency characterization on the basis of 

radiocarbon and thermoluminescence dating, and 

(b) paleoclimatic inferences based on the paleoflood 

reconstructions: these involve a detailed characterization 



of the relations between historic climate and floods, in 

local, regional, and global contexts, and the application 

of this characterization to the paleoclimatic context 

developed from the work of others. 
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This investigation is the first to apply the technique 

of thermoluminescence (TL) dating to SWD; a promising new 

approach. TL dates of the 90-125 ~m fraction of quartz 

sands provide a useful supplemen~ary chronologic tool in 

areas where organic material for radiocarbon dating is 

difficult to obtain, but the accuracy of TL dating is 

limited by location within the basin. Samples deposited in 

the lower half of the basin are more fully exposed to 

sunlight during transport, so that the TL which they have 

accumulated prior to tMeir latest burial is more completely 

removed, improving the accuracy of the TL dating of the 

latest burial. TL ages on SWD and other fluvial sediments 

ranged from 2.6 to 60 ka, with associated uncertainties of 

11 to 36X. TL dating appears to have a large temporal range 

(1-100 ka) and a restricted spatial range (the lower reaches 

of a basin), while radiocarbon dating has a more restricted 

temporal range (0-35,000 yr 8P) and a large spatial range 

(anywhere in the basin). 8ecause TL dating is fairly new, 

especially in relation to the dating of fluvial sediments, a 

detailed discussion of the methodology and 



uncertainties/limitations of the technique is included in 

Chapter IV. 
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II. PALEOFLOOD RECONSTRUCTION USING SWD 

The use of slackwater deposits (SWD) in reconstructing 

paleofloods is now a well-established technique. It was 

originally used by Baker (1973), and has since been applied 

by many other investigators (Baker and others, 1979; Patton 

and others, 1979; Kochel and Baker, 1982; Ely and Baker, 

1985; Webb, 1985; O'Connor and others, 1986; Partridge and 

Baker, 1987; Baker and Pickup, 1987). The actual discharge 

modelling, which is a strong point of the technique, is not 

a major emphasis of this study. Consequently, this chapter 

contains only a brief, basic description of the technique. 

11.1 Principles of paleoflood reconstruction 

A slackwater deposit is a fine-grained deposit that 

accumulates in channel margin irregularities and marks the 

minimum upper water limit of the associated flood's water 

surface. Depositional sites for such sand and silt, 

carried in suspension by floods, occur where velocities are 

reduced (relative to channel-center velocities) due to flow 

separation (Baker, 1983). Reduced-velocity sites include 

stream reaches upstream of sudden channel constrictions, 

downstream of channel expansions, in the lee of channel 

obstructions like bedrock knobs, and at the mouth of 

tributaries and alcoves set high along channel walls. 

Tributary-main channel junction angles close to 90° are 



optimal for the preservation of SWD; angles below 90· 

restrict backflooding of the the tributary by main-channel 

waters, and angles above 90· allow scouring of SWD by 

subsequent main channel floods (Kochel and Baker, 1982). 

Tributary channel gradient and catchment area are also 

important; the tributary channel must have a low enough 

gradient to allow the main channel waters to back up it, 

the tributary drainage basin must be restricted enough to 

allow tributary discharge to peak before main channel 

discharge, and subsequent tributary flow must not be 

erosive enough to completely destroy the SWD. 

When selecting a reach for paleoflood modelling, the 

above criteria must be supplemented by a stable channel 

cross-section, fairly uncomplicated flow geometries, and a 

hydrologic/topographic situation which fosters large stage 

changes. A stable channel cross-section is one that is 

subject to a minimum of scour and fill during flood events, 

so that the cross-sectional channel area measured 

subsequent to a flood may be assumed to be that which 

existed at the time of the flood. In addition, this 

channel configuration must have remained constant 

over the time period covered by the entire paleoflood 

reconstruction. Channels in resistant bedrock most closely 

approximate these requirements. 

Flow geometries with a minimum of transitions between 

flow regimes (subcritical to supercritical, or the reverse) 
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allow the most accurate paleodischarge reconstruction 

(O'Connor and Webb, in press). Previous work has 

demonstrated that large magnitude flood flows in bedrock

confined rivers of the southwestern United States tend to be 

subcritical, with short reaches of supercritical flow 

due to channel gradient changes or hydraulic damming (Ely, 

1985; O'Connor, 1985). Similarly, flow modelling of the 

three study rivers indicates that subcritical flow 

conditions produce water-surface profiles which most 

closely conform to the SWD evidence. 

Large stage changes are facilitated by relatively 

deep, narrow channel cross-sections, and by a hydrologic 

regime which produces sudden increases in discharge (for 

example, a markedly seasonal precipitation regime with high 

precipitation intensities). 

8aker and Pickup (1987) have described two types 

of SWD; mounded deposits and slope deposits. Mounded 

deposits, which occur at the mouths of wide tributaries and 

have a levee-like morphology, are the type which occur on 

the Burdekin and East Alligator Rivers. When interpreting 

the paleoflood record from these deposits, it must be 

remembered that each flood unit serves as a threshold level 

for subsequent floods; in order to be preserved in that 

section, subsequent floods must exceed the highest existing 

deposit. In a statistical interpretation of the data, such 

a threshold is known as a type 1 censoring level (Stedinger 
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and Baker, 1987) (see section 11.3). The censoring effect 

of a threshold level may be minimized by examining multiple 

depositional sites within a reach, or by examining multiple 

sections at a site, which may reveal inset deposits. The 

paleoflood history so deduced from any site must be 

regarded as a minimum record, because the possibility 

always exists that flows were not recorded, or were eroded 

by subsequent flows, although the latter situation may be 

indicated in the stratigraphy, as described below. 

Within a described section, depositional units may be 

separated on the basis of intercalated layers of colluvium 

or tributary alluvium, evidence of subaerial exposure (mud 

cracks, paleosols, etc), abrupt changes in color or grain 

size trend, or cappings of fine-grained silt and organic 

detritus. These cappings are the lightest materials 

carried in suspension by flood waters, and are thus the 

last to settle out. If color or grain size trend change 

abruptly within a unit, this may indicate that the unit 

actually represents two depositional events, where the 

younger event partially eroded the sediments from the older 

event, thus removing the older silt cap. Dating the upper 

and lower portions of the deposit may clarify such a 

situation. Precise dating is also useful for indicating 

essentially contemporaneous events: distinct depositional 

units emplaced over a short time span by separate pulses of 

a given flood. 
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Two SWD sites were described on each river. On the 

Burdekin River, the first site is located along the south 

bank, where a channel expansion has accumulated 

approximately 14 flood deposits. Three kilometers upstream, 

some 28 flood deposits have accumulated along the side of a 

tributary junction (Fig. 3.2, p. 47). The Burdekin study 

reach is a fairly broad bedrock gorge with some sand banks 

along what is essentially a bedrock channel (Plate 3.1, 

p.48). The SWD sediments are mostly fine sands. 

The first site on the Herbert River consists of 11 

flood deposits located on the inside of a bedrock meander 

bend. Three kilometers downstream, 11 flood deposits have 

accumulated in another meander bend (Fig. 3.11, p. 6ro. The 

Herbert study reach is a deep, narrow gorge with continuous 

bedrock exposure along the channel, and the SWD are mainly 

coarse sands (Plate 3.2, p.66). 

The first site on the East Alligator River consists of 

a tropical river levee along the west bank of a channel 

expansion, and contains 7 flood deposits of fine sand. 

Three kilometers upstream, 5 sandy flood deposits have 

accumulated as a levee along the southwest edge of a 

tributary valley (Fig. 3.16, p. 82). This study reach is a 

broad bedrock gorge with extensive sand in the channel bed 

(Plate 3.3, P.78). 
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Comparison with historical discharge records has shown 

that SWD are the most accurate paleohydrologic indicators 

of flood magnitude for a site preserving a record of 

numerous flows (Stedinger and Baker, 1987). In ungaged 

watersheds, the top of each depositional unit may be 

considered a minimum water stage indicator for its 

associated flood; the unit will have had some water above 

it at peak stage, but the error thus introduced may be 

minimized by examining deposits from a given flood at 

multiple sites (Baker, 1983). For watersheds with historic 

gage records, recent flood discharges may be correlated to 

the elevation of their associated SWD to define a 

correction factor, which is then applied to older, ungaged 

events. Such a procedure implies a constant relation 

among discharge, sediment load, and flood stage. This is 

probably a reasonable assumption for catchments like those 

in this study, where seasonal flood occurrence tends to be 

consistent. In the Herbert and East Alligator Rivers, the 

location of the study sites within the catchments (in 

regions of primarily surface runoff) minimizes the effects 

of increasing groundwater storage as the monsoon season 

progresses, which tends to alter the rainfall-runoff-

discharge relations of the lower reaches of the rivers 

CWoodroffe and others, 1986). 



11.2 Flow modelling 

The actual procedure used in relating a series of SWD 

elevations to paleoflood magnitudes is based on a step-

backwater water-surface computer routine (Hydrologic 

Engineering Center, 1979), which assumes that flow 

conditions are steady with time and gradually varied in 

space. Step-backwater calculations follow the one-

dimensional energy equation for gradually varied flow, 

1. 1. 
Z. + y. + x. v. /2g = z:r. + y" + x1, v.1 /2g + he 

where 
z = channel bottom elevation above some datum 
y = flow depth 
x = velocity head coefficient accounting for nonuniform 

velocity distribution in a subdivided channel 
v = mean flow velocity 
g = gravitational acceleration 
h,= head loss between cross sections 

(Chow, 1959, p. 267; O'Connor and others, 1986). 

In the computer routine, stage and discharge are 

specified for the first cross-section (the downstream 

cross-section for subcritical flow), and variables such as 

water surface elevation, mean channel velocity, depth of 

flow, and head loss are computed for subsequent cross-

sections in a step-by-step manner, using channel geometry 

and roughness values specified by the operator. The water 

surface profile, defined by the computed water-surface 

elevations for each cross-section, is then compared to the 

elevations of the SWD. A series of trials are run to 

determine the discharge which produces a water-surface 
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profile closest to that of the SWD. The use of such a 

gradually varied flow model has been shown to provide more 

realistic discharge estimates than uniform flow formulae 

(such as the Manning equation) or the slope-area method 

(O'Connor and others, 1986). 

Table 3.7 (p. contains the modelled discharges for 

the three study rivers. 

11.3 Statistical treatment of SWD in the extension of 
flood frequency records 

A flood frequency record is a graph representing peak 

discharge vs. percent chance of occurrence in a year, which 

is used to estimate both the largest flood that can 

reasonably be expected to occur during a given timespan, 

and the recurrence interval of a flood of a given discharge 

(Figure 2.1). (The recurrence interval is the average 

number of years between events of equal or greater 

magnitude.) Flood frequency diagrams are developed from 

gaging station data of peak discharge and date of 

occurrence using probability analysis, which attempts to 

fit a known probability distribution function to the data. 

The most commonly used distributions in flood frequency 

analysis are Log Pearson Type III and Gumbel (Extreme Value 

Type I). The Gumbel is a more simplistic distribution. 

Gumbel recurrence interval is calculated by ranking the 
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Figure 2.1 Sample flood frequency curve plotted on log-normal 

probability paper and fitted by the log-Pearson 

Type III function. 
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discharge values in order of decreasing magnitude, and then 

using the formula 

where 

Tr = (n+l)/m 

Tr = recurrence interval in years 
n = number of years in record 
m = order number in rank 

Values of discharge are then plotted against Tr (expressed 
as P, where P = l/Tr ) on Gumbel paper. 

The Log Pearson Type III distribution provides a more 

realistic assessment of the data, particularly for low 

frequency, high magnitude events. This distribution 

transforms each flood peak discharge into log form, as 

shown in Appendix 1. 

The Gumbel and Log Pearson Type III distributions have 

been used extensively for gaged discharge records, for 

which the assumption of stationarity can easily be tested. 

Statistical parameters (mean and variance) which do not 

change relative to the time origin signify stationarity in 

a hydrologic time series. Nonstationarity is introduced by 

trends or cyclic components, or by nonhomogeneity of the 

record due to an abrupt change in the hydrologic ecosystem 

or in the method of data collection/analysis (Schulz, 

1976) • It is with regard to the problem of stationarity 

vs. nonstationarity that difficulties arise in the 

statistical interpretation of paleoflood data: The 

magnitude and return peripd of a paleoflood event will be 



affected by any nonstationarity which may occur over the 

few thousand years of interest, such as climatic or 

vegetation changes, but such effects are very difficult to 

assess (Hosking and Wallis, 1986). 
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In the cases of the Herbert and East Alligator Rivers, 

nonstationarity introduced by changes in land usel 

vegetation and sea level may be accounted for. Because of 

the locations of the study areas within the catchments, 

changes in land use and sea level may be considered to have 

a negligible effect on the paleoflood record (see chapter 

III). The average climate of northern Australia, as 

discussed in detail in chapter V, has been relatively stable 

for at least the last 2000 years in terms of average 

precipitation (Climanz, 1983). This leaves only the 

question of the stationarity of flood-producing storms. If 

the meteorological conditions which produced a given 

paleoflood no longer apply, the inclusion of that paleoflood 

would destroy the applicability of the flood frequency 

analysis to future flood prediction. However, this is 

primarily a question of timescales: Over what period does 

the paleoflood record extend? Over what future period is 

the record to be applied? In the case of the three study 

rivers, the paleoflood record only covers the late 

Holocene; that is, it is not complicated by glacial stage 

conditions or major circulation changes. It is generally 

accepted by climatologists that any conditions that have 



occurred during the Holocene may re-occur within the next 

few thousand years so that, on a broad scale of thousands 

(rather than tens or hundreds) of years, the paleoflood 

record of these rivers may be assumed to possess 

stationarity for high magnitude events. 

In the case of the Burdekin River, the very short 

time span of the paleoflood record essentially precludes 

stationarity; the record only covers the historic period 

(since the late 19th century), and meteorologic records 

spanning this time period give no evidence of 

nonstationarity. However, the short length of the 

paleoflood record may be due to nonstationarity caused by 

land use changes (see chapter VI). 

Uncertainties concerning the exact nature of the 

paleoflood record also create difficulties in the 

statistical interpretation of paleoflood data. The number 

of recorded paleofloods must be regarded as only a minimum; 

due to vagaries of SWD preservation, and threshold effects, 

evidence of some events may not be present in the 

paleoflood record. To compensate for this, statistical 

censoring techniques may be applied to the data. A 

censored sample is one in which a known number of the 

smallest or largest observations are missing (David, 1970). 

Type I censored samples are missing data above or below a 

known fixed threshold, while Type II samples have a fixed 

number of the smallest or largest observations removed, 
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regardless of their magnitude (Stedinger and Cohn, in 

preparation). Paleoflood records from SWD are generally 

treated as Type I samples, although the threshold (the 

upper surface of the highest SWD) changes with time. 
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Computer simulations demonstrate that the usefulness 

of paleoflood data in flood frequepcy analysis depends 

primarily on the accuracy of the paleoflood discharge 

estimate and on the length of the gaged record (Hosking and 

Wallis, 1986). SWD techniques allow exceptionally accurate 

determinations of paleoflood magnitudes (Stedinger and 

Baker, 1987), and the rivers in this study have short 

gaging records, ranging from 65 years (Burdekin and 

Herbert) to 15 years (East Alligator), so that paleoflood 

data from these rivers should be of maximum usefulness in 

the prediction of future floods. Flood quantile estimates 

using SWD data for the Katherine Gorge in northern 

Australia demonstrated that lognormal, lognormal type III, 

and generalized extreme value distributions provided the 

most reasonable models for the data when using maximum 

likelihood estimators (Baker and Pickup, 1987). (The 

two most commonly used methods of fitting the flood 

frequency distribution are the method of maximum likelihood 

and the method of probability weighted moments (Hosking and 

Wallis, 1986).) In general, the inclusion of paleoflood 

data in a flood frequency analysis produces a curve that 

falls between the extremes of historical data with and 
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without outliers (Figure 2.2). Paleoflood data may also be 

used to check the magnitude of the probable maximum flood 

(PMF), a theoretical maximum discharge calculated by using 

a rainfall-runoff model for the drainage basin when it 

receives the probable maximum precipitation (PMP) 

(Stedinger and Baker, 1987). 
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Figure 2.2 The effect of paleoflood data and outliers on a 

flood frequency diagram; a = frequency curve based 

on recorded annual flood peaks and outlier, b = 
paleoflood frequency curve, c = extrapolated flood 

record, excluding outlier (after Baker and others, 

1979, Figure 1). 
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III. FIELD AREAS 

This chapter contains descriptions of the field sites 

examined for SWD. The three rivers of this study form a 

loose continuum in terms of the degree of confinement of 

their channels and the sites suitable for slackwater 

deposition. The Herbert River is the most confined of the 

three, with steep, narrow walls, a bedrock channel, and 
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high gradient tributaries <Plate 3.2). Most of the deposits 

at the two sites on the Herbert are coarse grained sand -

fine gravel. The Herbert has a relative abundance of 

datable material, however, and thus has the best chronology 

of the three rivers. 

The study reach of the Burdekin River is wider than 

the Herbert, and has portions of sand bed channel, although 

bedrock crops out throughout the reach <Plate 3.1). The SWD 

tend to be the finest-grained of the three rivers, being 

mostly fine sand and silty sand. Very little radiocarbon 

datable material could be found in these deposits, leaving 

large gaps in the chronology. 

The East Alligator River reach is the least constrained 

by bedrock control, being a sand bottom channel with few 

bedrock outcrops <Plate 3.3). The potential for scour and 

fill of this channel reduces the accuracy of the 

paleodischarge modelling, but the deposits have fairly good 

chronological control, due to the use of both C-14 and 

thermoluminescence dating. 
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Table 3.7 contains the modelled discharge ranges for 

the three study rivers, based on the procedure explained in 

section 11.2. 

111.1 Burdekin River 

The Burdekin River is the fifth largest river in 

Australia (Neller, 1986), draining an area of approximately 

'). 

130,000 km. The drainage basin is elongated in a north-

south direction parallel to the coast, and drainage is 

easterly (Figure 3.1). The headwaters rise in the Great 

Dividing Range, at elevations close to 700 m. For much of 

the Burdekin's length it flows through a relatively 

unconfined sand bed channel, but the reach known as the 

Burdekin Gorge, between the tributary Suttor and Bowen 

Rivers, exhibits varying degrees of bedrock control. The 

study reach is located within the gorge, approximately 11 

km downstream of the Burdekin Falls (Figure 3.2). Here the 

river flows through a confined channel of welded rhyolitic 

tuffs of the upper Carboniferous Bulgonunna Volcanics 

Group. Through much of the catchment, the river has eroded 

through older Tertiary sediments and become superimposed on 

Ordovician-upper Carboniferous granodiorite and granite, 

the structure of which has not really modified the river's 

course. Rejuvenation of drainage dissection occurred with 

renewed uplift in the Pleistocene (Clarke and Paine~ 1970). 
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Figure 3.1 The Burdekin River drainage basin (a = Burdekin River, 

b = Suttor River, c = Belyando River,d = Bowen River, 

1/1 = study area). 
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Figure 3.2 Burdekin River study reach; I outline study reach, 

dashed lines represent top of gorge. 
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Plate 3.1 The Burdekin River, looking downstream to 

the mouth of Stones Creek 
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River flow is highly seasonal (Figure 3.3), with up to 

66% of the yearly discharge occurring in February or March 

(Neller, 1986). Most of the annual discharge occurs as 

floods (1-3 per year) between January and March (Isdale, 

1984). Average discharge during the dry season (Apr-Nov) 

is 60 cms, while during the wet season it rises to 1260 cms. 

During the dry season the river essentially transports only 

a wash load of very fine silt and clay. During the wet 

season, sand and silt transport increases dramatically, with 

the upper quantile of discharges transporting thl-ee-quarters 

of the sediment (Fleming and others, 1981). This sand is 

produced mainly by granitic weathering on the hills and 

tablelands of the upper catchment. 

Mean annual precipitation isohyets for eastern 

Australia generally parallel the east coast, with 

precipitation increasing coastward (Figure 3.4). The 

Burdekin drainage basin crosses several isohyets, and 

vegetation, runoff, and streamflow vary within the basin 

accordingly. For example, the northwestern edges of the 

basin are a semiarid desert, while the northeastern 

tributaries flow through an area with a subtropical 

humid/monsoon climate (Figure 3.5). The majority of the 

basin lies within a subtropical humid/monsoon region 

(Auliciems, 1986). The vegetation ranges from open eucalypt 

woodland to savannah (Clarke and Paine, 1970), with open 

eucalypt woodland occurring in the study area. 
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Figure 3.3 Monthly distribution of Burdekin River flow. 
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Jeans, 1978, Figure 1.15). 
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The high intensity precipitation of the northeastern 

coast of Australia is produced mainly by tropical cyclones 

(see chapter V), although the prevailing easterly

southeasterly trade winds also bring a good deal of 

moisture to the region during the wet season (Nov-Mar). 
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The region around Townsville (Figure 3.1) is unusually dry 

due to the angle of the coast relative to the trade winds. 

and thus a portion of the Burdekin catchment is at the edge 

of fluctuating local conditions (Isdale, 1986). Floods 

recorded in the study area could be produced by storms 

affecting either the southern tributaries, or the northern 

and central tributaries~ which tend to be affected by 

different storm patterns. Together, the Herbert and the 

northern Burdekin catchments represent well regional 

conditions in northeastern Queensland. 

Rgi~il~Q_§ii~_Q~§~~igiiQD§ 

Two SWD sites approximately 3 km apart were described 

for the Burdekin River (Figure 3.6). The downstream site~ 

B1~ is located along the south bank at a channel expansion, 

and the main SWD occurs as a mounded levee terrace roughly 

parallel to the channel (Figure 3.7). Flows coming through 

the confined reach just upstream of this site rapidly 

lose velocity in the expanded portion of the channel 

opposite the site, and the bedrock protrusion immediately 

upstream of the SWD protects them from subsequent erosion. 

Two vertically continuous sections were described at this 
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cross-sections, 1 and 2 are study sites, dashed 

lines represent top of gorge. 

(Inset; shaded areas represent sand banks, dark 

lines are bedrock boundaries.) 
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Table 3.1 Detailed site stratigraphy, Burdekin site 1 

Unit Elevation 
above datum 

(m)* 

1 7.69 

2 7.39 

3 6.79 

4 6.50 

5 6.39 

6 6.18 

7 6.04 

8 5.84 

9 5.35 

Description 

Fine sand.Bright brown 
(7.5YR 5/6).Massive.Mod 
induration.Horiz indistinct 
boundary. 

Silty fine sand.Bright 
brown (7.5YR 5/8).Massive. 
Weak induration.Horiz indis
tinct boundary. 

Fine sand.Bright brown 
(7.5YR 5/6).Massive.Mod 
induration.Horiz distinct 
boundary. 

Fine sand.Orange (7.5YR 6/6). 
Horiz bedding.Mod induration. 
Horiz distinct boundary. 

Fine sand.Orange (7.5YR 6/6). 
Massive.Weak induration. 
Distinct wavy boundary. 

Fine sand.Orange (7.5YR 6/6). 
Massive.Mod induration. 
Distinct wavy boundary. 

Fine sand.Bright brown (7.5 
YR 5/6).Massive.Mod induration. 
Distinct wavy boundary. 

Silty fine sand.Orange 

Age 
constraints 

C-14 age: 
136.3:t2.4 XM 
(ANU-5614) 

(7.5YR 6/6).Wavy horiz bedding. 
Strong induration.Distinct wavy 
boundary. 

Silty fine sand.Dull orange 
(7.5YR 6/4).Horiz bed/massive. 
Strong induration.Wavy distinct 
boundary. 



Table 3.1 Detailed site stratigraphy, Burdekin site 1 
(continued) 

Unit Elevation 

10 5.29 

11 5.04 

Description 

Very fine-fine sand. Dull 
brown (7.5YR 5/4).Horiz bedl 
massive. Mod induration.Horiz 
distinct boundary. 

Very fine sand.Orange 
(7.5YR 6/6).Horiz-wavy bedding. 
Strong induration.Distinct 
wavy boundary. 

Age 

57 

12 4.91 Very fine sand.Dull brown 
(7.5YR 5/4).Massive.Mod 
induration.Distinct wavy 
boundary. 

C-14 age: 
107. 1 ± 1 .2 XM 

(ANU-5615) 

13 4.81 

14 4.33 

15 4.13 

16 3.53 

Silty fine sand.Dull orange 
(7.5YR 6/4).Horiz bedding. 
Strong induration. Distinct 
wavy boundary. 

Medium gravel (0.5-2 em). 
Strong induration.Distinct 
wavy boundary. 

Silt.Orange (7.5YR 7/6). 
Horiz bedding.Very strong 
induration.Distinct horiz 
boundary. 

Coarse tributary gravels. 

* datum is edge of low water channel at starting point of 
survey 
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site, and all units are believed to be represented in these 

sections (that is, no inset deposits were found). Details 

of site stratigraphy are given in Table 3.1, where the 

section number preceding each series of units refers to the 

section number in Figure 3.7. The terrace formed by these 

deposits is well-vegetated~ with a layer of grasses and 

mature eucalypt trees. The front edge of the terrace, 

closest to the river, has been eroded by subsequent flows. 

The deposits are underlain by bedrock, which crops out in 

the base of the gully which has cut an exposure through the 

deposits. 

The upstream site, B2~ occupies the south bank of the 

mouth of Stones Creek, a tributary of the Burdekin (Figure 

3.6). This site lies immediately upstream of a very narrow 

channel reach, so that during high flows hydraulic ponding 

occurs here. The main SWD is a mounded levee to the side 

of the tributary channel, and three sections were described 

at the site (Figure 3.8). Again, no inset deposits were 

found. Details of site stratigraphy are given in Table 3.2. 

This site is also well-vegetated and underlain by sporadic 

outcrops of bedrock. 

The surveyed reach has roughly the form of a two-ended 

funnel: Each of the SWD sites are located at an end of the 

funnel. where the channel is fairly broad, and the narrow 

funnel stem lies between them. Surveying extended from end 

to end of the funnel, the 12 cross-sections being chosen to 



Figure 3.8 Site 2 on the Burdekin River; (a) ulan view, 

(b) cross-section. 
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Table 3.2 Detailed site stratigraphy, Burdekin site 2 

Unit Elevation Description 

2 

3 

4 

5 

6 

7 

8 

above datum 
em) 

10.95 

10.25 

10.12 

10.07 

9.82 

9.52 

9.39 

9.21 

Very fine sand.Brown 
(7.5YR 4/4).Massive. 
Mod induration. Distinct 
horiz boundary. 

Very fine-fine sand. 
Brown (7.5YR 4/4).Horiz bed/ 
massive.Mod induration. 
Distinct horiz boundary. 

Fine sand.Bright brown 
(7.5YR 5/6).Horiz bedding. 
Weak induration. Distinct 
irregular boundary. 

Fine sand.Bright brown 
(7.5YR 5/6).Horiz bed/massive. 
Mod induration. Distinct 
irregular boundary. 

Fine-medium sand.Orange 
(7.5YR 6/6).Massive. 
Weak induration. Distinct 
irregular boundary. 

Fine sand-silt.Brown 
(7.5YR 4/4).Massive. 
Mod induration.Distinct 
horiz boundary. 

Fine-medium sand.Bright 
brown (7.5YR 5/6).Massive. 
Weak induration. Distinct 
hOI- i z boundary. 

Very fine-fine sand.Dull 
brown (7.5YR 5/4).Massive. 
Mod induration.Distinct 
irregular boundary. 

Age 
constraints 

C-14 age: 
104.3±1.8 XM 

(ANU-5616) 



Table 3.2 Detailed site stratigraphy, Burdekin site 2 
(continued) 

Unit Elevation 

9 9.11 

10 9.03 

11 8.83 

12 8.77 

13 8.65 

14 8.61 

15 8.39 

16 8.34 

17 7.79 

Description 

Fine sand.Bright brown 
(7.5YR 5/6).Horiz bed/ 
massive.Weak induration. 
Distinct irregular boundary. 

Very fine-fine sand.Bright 
brown (7.5YR 5/6).Massive. 
Mod induration. Distinct 
horiz boundary. 

Medium-fine sand.Dull 
brown (7.5YR 5/4).Massive. 
Weak induration.Distinct 
horiz boundary. 

Very fine sand-silt. 
Bright brown (7.5YR 5/6). 
Massive.Mod induration. 
Distinct horiz boundary. 

Fine-medium sand.Orange 
(7.5YR 6/6).Massive. 
Weak induration. Distinct 
horiz boundary. 

Very fine sand-silt.Brown 
(7.5YR 4/4).Massive. 
Mod induration. Distinct 
horiz boundary. 

Medium-fine sand.Orange 
(7.5YR 6/6).Massive. 
Weak induration.Distinct 
horiz boundary. 

Very fine sand-silt.Brown 
(7.5YR 4/4).Massive. 
Mod induration.Distinct horiz 
boundary. 

Medium-fine sand.Orange 
(7.5YR 6/6).Massive. 
Weak induration.Distinct horiz 
boundary. 

61 

Age 
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Table 3.2 Detailed site stratigraphy, Burdekin site 2 

(continued) 

Unit Elevation 

18 7.73 

19 7.23 

20 6.23 

21 5.91 

22 5.85 

23 5.62 

24 5.53 

25 5.36 

26 5.33 

Description 

Very fine sand.Dull brown 
(7.5YR 6/3).Horiz bedding. 
Strong induration. Distinct 
horiz boundary. 

Very fine sand.Dull orange 
(7.5YR 6/4).Horiz bedding. 
Strong induration.Distinct 
horiz boundary. 

Medium-fine sand.Dull 
brown (7.5YR 5/4).Massive. 
Mod induration.Distinct 
irregular boundary. 

Very fine sand.Dull brown 
(7.5YR 6/3).Horiz bedding. 
Strong induration.Distinct 
horiz bedding. 

Medium-fine sand.Dull 
brown (7.5YR 5/4).Massive. 
Mod induration.Distinct 
irregular boundary. 

Very fine sand.Dull brown 
(7.5YR 6/3).Horiz bedding. 
Strong induration. Distinct 
horiz bedding. 

Medium-fine sand. Dull brown 
(7.5YR 5/4).Massive. 
Mod induration. Distinct 
irregular boundary. 

Very fine sand.Dull brown 
(7.5YR 6/3).Horiz bedding. 
Strong induration. Distinct 
horiz boundary. 

Very fine sand.Dull brown 
(7.5YR 6/3).Horiz bedding. 
Strong induration.Distinct 
horiz boundary. 

Age 

C-14 age: 
101.2±0.8 XM 

(ANU-5618) 



Table 3.2 Detailed site stratigraphy, Burdekin site 2 
(continued) 

Unit Elevation 

27 5.23 

28 4.84 

29 4.82 

30 4.56 

1 3.95 

2 3.75 

3 3.53 

4 3.43 

5 2.83 

Description 

Medium sand-fine gravel. 
Horiz bedding.Strong 
induration.Distinct horiz 
boundary. 

Very fine sand-silt.Dull 
orange (7.5YR 7/3).Horiz bedl 
massive.Strong induration. 
Distinct horiz boundary. 

Tributary gravels.Horiz 
bedding. 

Tributary gravels.Horiz 
bedding. 

Fine alternating layers of 
fine sand and clay. 

Very fine sand-silt. 
Brown (7.5YR 4/4).Massive. 
Strong induration. Distinct 
horiz boundary. 

Very fine sand.Dull orange 
(7.5YR 6/4).Massive.Mod 
induration.Distinct horiz 
boundary. 

Approximately 30 alternating 
layers of fine sand-silt and 
leaf litter, each less than 
1 cm thick. 

Tributary gravels. 

Age 

C-14 age: 
129.2±1.0 XM 

(ANU-5619) 
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accurately characterize all irregularities in channel 

geometry which might affect flow conditions. The range of 

the calculated discharges is shown in Table 3.7. 

111.2 Herbert River 

§gDg[~l_g§§£[iQ~iQD 

The Herbert River catchment lies just north of 

the Burdekin River, and encompasses approximately 8800 km: 
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The catchment is elongated in a northwest-southeast 

direction, with drainage to the southeast (Figure 3.9). 

Except for the few kilometers along the coast at Ingham, 

the drainage net occupies an area of high relief~ with 

elevations of up to 1200 m. The 70 km long gorge section 

of the Herbert River begins downstream of the Herbert River 

Falls~ from which the river flows through a 400 m deep 

gorge of Permo-Triassic Herbert River Granite. The study 

area is located approximately midway through the gorge, 

between Blencoe and Smoko Creeks (Figure 3.11). 

The Herbert River presently runs eastward against the 

southwesterly tilt of the surrounding plateau~ which is 

composed of upper Carboniferous rhyolitic and dacitic 

volcanics, and Plio-Pleistocene basalts. The Herbert was 

originally a consequent stream flowing west~ but it was 

deflected toward the east during late Tertiary tilting 

along a north-south axis. Before the deflection, the 

Herbert may have been the northern part of the Burdekin 
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Figure 3.9 The Herbert River drainage basin (~= study area). 



Plate 3.2 The Herbert River, during low flow, about 

2 km upstream of the study reach 
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repre,sent surveyed cross-

sections, 1 and 2 are study sites, dashed lines represent 

top of gorge (520 m). 



catchment; there are Pliocene fluviatile deposits between 

the two rivers, indicating that the Herbert began cutting 

its gorge in the Plio-Pleistocene (de Keyser and others, 

1965). 

The Herbert River has a highly seasonal flow regime 

(Figure 3.10), similar to the Burdekin. Average discharge 

is 8 cms during the dry season, and 232 cms during the wet 

season. Dry season flow is very clear and contains almost 

no suspended or wash load. On the basis of the texture of 

the SWD, wet season flow carries very coarse sediments in 

suspension (fine gravel to coarse sand). The major sediment 

sources are the forested uplands of the granitic plateau 

through which the gorge is cut. 

The Herbert catchment lies within the high rainfall 

belt along the coast between Cairns and Ingham (Figure 3.4), 

and precipitation is governed by the same mechanisms 

affecting the northern portion of the Burdekin basin. The 

vegetation of the Herbert catchment ranges from tropical 

rainforest at the higher elevations to open eucalypt 

woodland. 

Q~!§il~Q_§1~~_9~§£[i~~iQD§ 

Two SWD sites approximately 3 km apart were described 

for the Herbert River (Figure 3.11). The upstream site, 

Hl, is located on the inside of a meander bend. The 

deposits occur as a series of terraces cut by a tributary 

gully (Figure 3.12). Four sections were described at this 
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Table 3.3 Detailed site stratigraphy, Herbert site 1 

Unit Elevation 
above datum 

(m) 

1 20.69 

2 20.37 

3 19.99 

4 19.71 

5 19.45 

21.69 

23.50 

Desc:ription 

Medium s~nd-med gravel. 
Dull orange (7.5YR 6/4). 
Horiz bedding.Weak 
induration.Distinc:t horiz 
boundary. 

Coarse sand-fine gravel. 
Dull orange (7.5YR 6/4). 
Horiz bedding.Weak 
induration.Distinc:t horiz 
boundary. 

Fine-coarse sand.Dull 
orange (7.5YR 6/4).Horiz 
bedding.Weak induration. 
Distinct horiz boundary. 

Medium-coarse sand. 
Dull orange (7.5YR 6/4). 
Horiz bedding.Weak 
induration.Distinct horiz 
boundary. 

Medium-coarse sand.Brown 
(7.5YR 4/3).Massive.Weak 
induration. Indistinct 
boundary. 

Medium sand-coarse gravel. 
Dull orange (7.5YR 6/4). 
Horiz bedding.Weak 
induration.Distinct horiz 
boundary. 

Medium sand.Dull brown 
(7.5YR 6/3).Horiz bedl 
massive.Weak induration. 
Distinct horiz boundary. 

Age 
constraints 

C-14 age: 
102.4±1.6 XM 

(ANU-5592) 

C-14 ages: 
9B.B±0.9 XM 
(ANU-5603) 
99.3±O.B XM 
(ANU-5593) 
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Table 3.3 Detailed site stratigraphy, Herbert site 1 
(continued) 

Unit Elevation Description Age 

2 22.83 Coarse sand-silt.Brown 
(7.5YR 4/3).Massive.Mod 
induration. Distinct 
horiz boundary. 

3 22.71 Sand.Dull brown (7.5YR C-14 age: 
5/4).Massive.Mod 890±100 BP 
induration.Distinct (ANU-5594) 
horiz boundary. 

§g£~iQ!L~ 

1 18.75 Medium-fine sand.Dull C-14 age: 
orange (7.5YR 7/3) .Horiz 97.8±1.2 XM 
bedding.Weak induration. (ANU-5595) 
Distinct horiz boundary. 

2 18.35 Medium-fine sand.Dull C-14 age: 
orange (7.5YR 7/3) .Horiz 100.6±0.8 XM 
bedding.Weak induration. (ANU-5596) 
Distinct horiz boundary. 
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Table 3.4 Detailed site stratigraphy, Herbert site 2 

Unit Elevation 
above datum 

( m) 

1 15.00 

2 14.20 

1 13.00 

11.95 

2 11 .75 

3 11.07 

Description 

Fine gravel-med sand. 
Dull yellow orange 
(10YR 6/4).Horiz bedding. 
Weak induration.Distinct 
horiz boundary. 

Coarse-fine sand.Dull 
yellow orange (10YR 6/4). 
Horiz bedding.Mod 
induration. Irregular 
boundary. 

Medium-fine sand.Dull 
yellow orange (10YR 6/4). 
Horiz bed/massive.Weak
mod induration.Distinct 
horiz boundary. 

Coarse-medium sand. 
Dull yellow orange 
(lOYR 7/3).Horiz bedl 
massive.Weak induration. 
Indistinct horiz boundary. 

Coarse-medium sand.Dull 
yellow orange (lOYR 7/3). 
Horiz bedding.Mod 
induration. Indistinct 
horiz boundary. 

Medium-fine sand.Bright 
yellowish brown (10YR 6/6). 
Horiz bedding.Mod 
induration. Indistinct horiz 
boundary. 

Age 
constraints 

C-14 age: 
300±80 BP 
(ANU-5597) 

C-14 age: 
370±80 BP 
(ANU-5598) 

C-14 age: 
97.9±1.0 XM 
(ANU-5599) 



75 
Table 3.4 Detailed site stratigraphy, Herbert site 2 

(continued) 

Unit Elevation 

4 10.88 

5 10.50 

1 10.35 

2 8.97 

Description 

Medium-fine sand.Dull 
yellow orange (lOYR 6/4). 
Horiz bedding.Mod 
induration. Distinct horiz 
boundary. 

Loam.Brownish black 
(10YR 3/2).Massive.Mod 
induration. 

Coarse sand-medium gravel. 
Dull yellow orange (10YR 
6/4). Horiz bedding.Weak 
induration. Indistinct 
horiz boundary. 

Coarse sand-fine gravel. 
Dull yellow orange (10YR 
6/4).Horiz bedding.Very 

weak induration.Distinct 
horiz boundary. 

Age 

C-14 age: 
100.0±0.9 XM 

(ANU-5604) 

C-14 age: 
116.8;t0.8 XM 

(ANU-5605) 
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site, which has a series of inset deposits. Details of site 

stratigraphy are given in Table 3.3. With the exception of 

the uppermost terrace, the deposits are essentially 

unvegetated, and are underlain by colluvial boulders. 

The downstream site, H2, is also located on the inside 

of a meander bend, and is very similar to Hl in all 

respects (Figure 3.13). Table 3.4 contains details of site 

stratigraphy. 

The cross-sectional geometry of the surveyed reach 

exhibits very few irregularities, being basically a very 

narrow, deep channel with occasional small boulder bars and 

rapids. Each of the SWD sites forms an alluvial extension 

of the inside of a bedrock meander bend. Because the 

tributaries which enter the reach have such steep gradients 

(they are almost waterfalls), no appreciable ponding occurs 

at their mouths during high flow events. 

III.3 East Alligator River 

§~D~[§l_g~E£[lQ~lQD 

The study reach is located approximately 100 km 

upstream from the mouth of the East Alligator River, whose 

catchment lies in the Arnhemland region of north-central 

Australia (Figure 3.14). The 2.6 km long study reach runs 

through a 200 m deep, 400 m wide gorge formed in the 

Proterozoic Kombolgie Formation, a resistant quartzose 

sandstone (Plate 3.3). The river drains an area of 
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Plate 3.3 Aerial view ot' the East Alligator River 



approximately 3800 km~ and has an average annual flow of 

10 cms (Christian and Aldrick, 1977). It rises in 

79 

the Arnhemland Plateau, which stands 200-300 m above sea 

level, and is composed primarily of the Kombolgie 

Formation. Structural weaknesses within the Kombolgie 

exert a strong control on drainage pattern. The region was 

uplifted in the mid-Tertiary, and t.hpre were at least two 

phases of aggradation in the main valleys during the 

Pleistocene (Needham, 1984). River valley vegetation 

within the study reach consists of a mixed woodland 

community of eucalypts, pandanus, paperbark (Melaleuca), 

and grasses and shrubs. 

The region lies within the seasonal tropics and has a 

very marked seasonal precipitation regime, receiving 

approximately 90% (900 mm) of its total precipitation 

during Jan-Mar (Uranium Province Hydrology, 1979). The 

East Alligator catchment is affected by five categories of 

rain-producing systems (Figure 3.15) (Southern, 1966. 

McAlpine, 1976): equatorial or monsoonal troughs, easterly 

disturbances, and local and organized convection all tend 

to produce widespread precipitation, while tropical 

cyclones produce intense, but spatially restricted, rains. 

The 100-year rainfall record at Oenpelli indicates that 

precipitation is very reliable on both an annual and 

monthly basis, and records throughout the catchment 
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indicate low spatial variability (Christian and Aldrick, 

1977) • 
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Flow is also highly seasonal. Dry season flow is not 

competent enough to transport sand, and sediment transport 

is confined to very fine grain size washload. During the 

wet season, large accumulations of sand lying along the bed 

and banks are mobilized. This sand is produced by 

weathering of the Kombolgie Formation. 

Q§!§il§Q_§i!§_Q§§~~iE!iQD§ 

As shown in Figure 3.16, two SWD sites were described 

for the East Alligator River. The downstream site~ EA1. is 

located along the west bank of a channel expansion, and the 

main SWD takes the form of a mounded levee running parallel 

to the channel (Figure 3.17). The site is downstream of a 

constricted flow reach, so that water entering the expansion 

loses velocity. The upstream site, EA2, is located along 

the southwestern edge of a tl-ibutary valley entering the 

river at close to 90°, and a I so occurs as a mounded levee 

parallel to the river (Figure 3.18). During rainfall 

events, tributary discharge peaks before that of the main 

channel. Thus, when main channel discharge peaks, backwater 

affects the tributary mouth from the main channel, and a 

stagnant zone forms. 

Details of site stratigraphy are given in Tables 3.5 

and 3.6. At both sites. section 1 is located near the base 

of the canyon walls, in loamy sands that grade downward into 
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Figure 3.16 Reach diagram of the East Alligator River study area, 

showing outline of gorge walls, and location of study 

sites and surveyed cross-sections (flow direction is 

from southeast to northwest). 
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Table 3.5 Detailed site stratigraphy, East Alligator 
site 1 

84 

Unit Elevation 
above datum 

( m) 

1 3.13 

2 3.06 

3 2.73 

4 2.22 

1 4.05 

2 4.00 

3 3.65 

Desc:ription 

Fine sandy loam.Grayish 
brown (5YR 4/2).Massive. 
Strong induration.Abrupt 
planar boundary. 

Loamy fine sand.Grayish 
brown (5YR 4/2).Massive. 
Strong induration.Clear 
straight boundary. 

Loamy very fine sand. 
Dull reddish brown (5YR 
4/3).Massive.Mod 
induration.Clear straight 
boundary. 

Loamy very fine sand. 
Reddish brown (5YR 4/6). 
Massive.Strong induration. 
Underlain by c:olluvial 
pebbles and cobbles. 

Fine sandy loam.Dark 
brown (10 YR 3/3).Massive. 
Mod induration. Abrupt 
straight boundary. 

Fine sand.Grayish yellow 
brown (10 YR 6/2).Horiz 
bedding.Very weak 
induration.Clear straight 
boundary. 

Fine sand.Grayish yellow 
brown (lOYR 6/2).Horiz 
bedding.Very weak 
induration.Clear straight 
boundary. 

Age 
c:onstraints 

C-14 age: 
105.8±3.6 XM 
(ANU-5610) 

TL age: 
2.63±0.33 ka 
(MTL 28) 

C-14 age: 
103. 8± 1 .7 XM 
(ANU-5606) 

C-14 age: 
98.1±O.8 XM 
(ANU-5607) 



85 
Table 3.5 Detailed site stratigraphy, East Alligator 

site 1 (continued) 

Unit Elevations Description Age 

4 3.31 Fine sand.Grayish yellow 
brown ( 10YR 6/2) .Horiz 
bedding.Weak induration. 
Abrupt planar boundary. 

5 3.18 Medium sand.Dull yellow C-14 age: 
orange ( 10YR 7/3).Horiz 98.9±O.8 YoM 
bedding.Weak induration. (ANU-5608) 
Abrupt planar boundary. 

6 2.94 Coarse sand.Dull yellow 
orange ( 10YR 6/4) • Hor i z 
bedding.Weak induration. 
Abrupt planar boundary. 

7 2.72 Medium sand.Dull yellow C-14 age: 
orange ( lOYR 7/4) • Hor i z 98.5±1.5 YoM 
bedding.Weak induration. (ANU-5609) 
Abrupt planar boundary. 
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Table 3.6 Detailed site stratigraphy, East Alligator 

site 2 

Unit Elevation 
above datum 

(m) 

1 8.32 

2 8.25 

3 8.12 

4 7.88 

7.92 

2 7.80 

3 7.65 

Desc:ription 

Sandy loam.Brownish blac:k 
(5YR 2/2).Massive.Mod 
induration. Clear straight 
boundary. 

Coarse sandy loam.Grayish 
brown (5YR 4/2).Massive. 
Mod induration.Clear 
straight boundary. 

Coarse sandy silt.Dull 
reddish brown (5YR 5/4). 
Massive.Mod induration. 
Abrupt planar boundary. 

Loamy med-c:oarse sand. 
Reddish brown (5YR 4/8). 
Massive.Strong induration. 
Underlain by c:olluvial 
pebbles and c:obbles. 

Silty very fine sand
medium sand.Dull yellowish 
brown (lOYR 5/3).Massive. 
Mod induration.Abrupt 
straight boundary. 

Fine-med sand.Grayish 
yellow brown (10YR 6/2). 
Horiz bed/massive.Weak 
induration. Abrupt 
straight boundary. 

Medium sand.Grayish yellow 
brown (10YR 4/2).Massive. 
Mod induration. Clear 
straight boundary. 

Age 
c:onstraints 

TL age: 
4. 10;1: 1 .5 k a 

(MTL 30) 

TL age: 
61±7 ka 
(MTL 31) 

C-14 age: 
390±100 BP 
(ANU-5611) 
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Table 3.6 Detailed site stratigraphy, East Alligator 

site 2 (continued) 

Unit Elevation 

4 7.52 

5 7.32 

1 2.74 

2 2.44 

3 1.97 

4 0.57 

Description 

Medium sand.Dull yellowish 
brown (lOYR 5/3).Massive. 
Weak induration.Clear 
straight boundary. 

Fine-medium sand.Grayish 
yellow brown (lOYR 5/2). 
Horiz bed/massive. Weak 
induration. 

Sandy loam.Brownish gray 
(5YR 4/1).Massive.Strong 
induration.Clear straig'ht 
boundary. 

Silty fine sand.Dull 
reddish brown C5YR 4/3). 
Massive.Strong induration. 
Clear straight boundary. 

Very fine sandy silt.Dull 
reddish brown (5YR 5/4). 
Massive.Very strong 
induration.Abrupt planar 
boundary. 

Silty fine-medium sand. 
Orange C5YR 6/6).Massive. 
Mod induration.Base of 
unit at top of current 
water table. 

Age 

C-14 age: 
97. 8± 1 .2 %1"1 
(ANU-5612) 

C-14 age: 
1200±150 BP 
CANU-5613) 

TL age: 
4.3±1.0 ka 

CMTL 32) 

TL age: 
2.9±0.4 ka 

(MTL 33) 

TL age: 
4.7,±0.6 ka 

CMTL 34) 

TL age: 
7.0±1.6 ka 

(MTL 35) 
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valley wall colluvium, while section 2 is located in well-

sorted sands that are considered to be SWD. The areas in 

which sections 1 and 2 occur are well-vegetated, with mature 

trees and a fairly continuous cover of grasses, although 

many of the trees around section 2 are dead, and the ground 

is littered with dead limbs and trunks. 

The surveyed reach has a sand bed channel and bedrock 

walls with discontinuous, vegetated sand banks along their 

bases (Figure 3.16). Seven cross-sectional locations were 

chosen to characterize changes in cross-sectional geometry. 

111.4 Katherine River 

Data from the Katherine River paleoflood study 

conducted by Baker and Pickup (1987) is used in this 

study as complementary to the East Alligator River data (in 

the manner that the Burdekin and Herbert Rivers data are 

complementary). The Katherine Gorge is approximately 250 

km south of the East Alligator River (Figure 3.19). Its 

climate is similar to that of the East Alligator catchment, 

being tropical monsoonal. Analysis of a series of SWD 

sites in the gorge revealed 4 recent floods (1956-1980). 3 

floods in the 130-150 yr BP range, and a 440 yr BP event 

(Baker and Pickup, 1987). 
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Figure 3.19 Location map of the Katherine River drainage system. 
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Table 3.7 Modelled paleodischarges for the study rivers 

River 

Burdekin 

Herbert 

East 
Alligator 

Range of paleodischarges 

(cms) 

8000-17,000 

1500-3800 
(floods before 300 yr BP 

are 2000) 

1000-1740 

Historic discharge 
data' 

(cms) 

Falls: max. 30,600 
20,000-27,000 

Gleneagle: max. 
15,300 

1100-4000 

Gage 1010: max. 2900 
700-2000 

Historic discharge data are given as maximum recorded at a 
site 
(Falls = Burdekin Falls, downstream of study site; Gleneagle 
= gaging station upstream of study site; Gage 1010 = gaging 
station upstream of study site), followed by usual range of 
peak annual discharges. 
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IV. CHRONOLOGY 

Because the accuracy of the age constraints used in 

interpreting the significance of SWD is so important, and 

because one of the dating techniques used in this study is 

fairly new, I have decided to devote an entire chapter to 

the chronology of this study. The principal chronologic 

framework is based on radiocarbon dates. Radiocarbon 

dating is a standard technique. Here I only briefly 

describe the specific techniques used in dating the samples 

for this study, as well as some of the uncertainties of the 

technique, which are all too easy to forget when faced with 

a column of neatly-ordered numbers. As mentioned in the 

acknowledgements, all of the radiocarbon dates presented in 

this study were determined in the Australian National 

University radiocarbon laboratory by Drs. Henry Polach and 

John Head. 

Thermoluminescence (TL) dating provided subsidiary 

chronologic information for the East Alligator River sites. 

This dating was performed by the author at the Alligator 

Rivers Region Research Institute. 

IV.1 Radiocarbon dating procedure 

Radiocarbon dating is based on the natural decay of 

the radioactive C-14 isotope. The technique was originally 

proposed by W.F. Libby in 1949, and has since become a 

standard tool in many fields. Bombardment of N-14 in the 
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upper atmosphere by neutrons from cosmic rays causes the N-

14 to emit a proton and change to C-14 (Aitken, 1961). 

This C-14 is then oxidized to I+ C02 and distributed evenly 

throughout the global atmosphere at proportions of about 

one to a million million (C-14/C-12) (Gupta and Polach, 

1985). This radioactive carbon is assimilated by living 

organisms until their death, at which time it begins to 

decay at a constant rate of 1X per 80 years - a half-life 

of 5730 years. By assuming that the C-14/C-12 ratio has 

been constant in the past, the present ratio of the sample 

can be used to place it on a standard curve used to 

determine age (Figure 4.1). 

In practice, this simple theory is distorted by 

irregularities in the C-14/C-12 ratio due to the effects of 

atomic bombs and massive fossil fuel burning, isotopic 

fractionation, fluctuations in cosmic ray intensity, and 

delayed mixing (Aitken, 1961). Therefore, dating involves 

(1) determining the present-day C-14/C-12 ratio of the 

sample by studying contemporary samples from different 

carbon reservoirs participating in the global CO~ cycle, 

and (2) estimating the original equilibrium C-14/C-12 ratio 

of the carbon reservoir that supplied the sample, via a 

series of laboratory tests (Gupta and Polach, 1985), 

All of the C-14 dated samples in this study were 

either charcoal or wood, and the procedure described below 

is that used at the Australian National University lab 
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Figure 4.2 Atmospheric ~14c levels, expressed as per mil deviation from 

NBS oxalic acid standard l4C activity (1950 AD = year 0) 

(after Stuiver, 1982, Figure 5). 



(Gupta and Polach, 1985). After removal of 

physical contaminants (sand and rootlets), the particle 

sizes of the samples are broken down to increase the 

overall surface area and washed in dilute HCI to remove 
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carbonate and other impurities. The sample is then treated 

with NaOH to separate out humic acids. The purpose of these 

steps, known as sample pretreatment, is to isolate the 

fraction of the carbon that is least altered. 

Pretreatment is followed by three steps designed to 

chemically convert the samples' carbon into a form suitable 

for C-14 measurement. These steps are carbon dioxide 

preparation, acetylene preparation, and benzene preparation. 

Carbon dioxide preparation involves the combustion of 

organic matter in a stream of oxygen, followed by wet 

chemistry purification and recovery of CO2 in a glass vacuum 

system. Acetylene synthesis involves conversion of sample 

CO 2 to acetylene (C~H~), via the synthesis of lithium 

carbide (LitC~) and its subsequent hydrolysis to acetylene. 

In the final step, acetylene is converted to benzene on a 

vanadium activated silica alumina catalyst. Finally, sample 

C-14 activity of the benzene is determined in a liquid 

scintillation counter. Such a counter uses a liquid 

scintillation solution composed of an organic solvent. small 

amounts of special organic compounds (solutes), and the 

sample. The scintillation process involves conversion of 

part of the kinetic energy of an ionizing particle into 



photons as the particle is slowed or stopped in the 

scintillation material. These photons are detected by 

photomultiplier tubes, which produce a voltage pulse 

proportional to the number of detected photons~ with a 

screening process for random events not due to sample decay. 

These pulses are then summed~ and converted to a decay rate~ 

which is used to locate the sample on an age-decay rate 

curve similar to that shown in Figure 4.1. 

IV.2 Uncertainties in radiocarbon dates 

Uncertainties in the accuracy of the radiocarbon dates 

may be caused by the physical history of the sample, and by 

industrial/bomb contamination of the global atmosphere. 

The physical history of the sample may affect the accuracy 

with which it represents a given geomorphic event. In the 

case of flood events, a wood or charcoal derived C-14 date 

always constitutes a maximum limiting age, as the tree 

could have died quite a while before the flood event which 

transported it to its present location. In one sobering 

study, Slong and Gillespie (1978) found charcoal up to 1500 

years old moving down a sand bed channel in New South 

Wales, Australia. They found that the larger charcoal 

fragments were younger than the smaller ones, but often one 

must take everything (and anything) one can get. Clark 

(1983) conducted a study of charcoal transport and 

residence times in Australian forest environments and found 

that charcoal washed from the soil surface by overland flow 



may be carried downstream and deposited and resuspended 

many times before reaching a more permanent deposition 

site. She also found that the only time in which 

significant amounts of charcoal were washed off the 

catchment was in the first post-fire rainfall events. 

The amount of charcoal increased with the intensity of the 

rainfall, so that periods of high intensity rains (and 

floods) apparently mobilize a good deal of fairly recent 

charcoal. Less than one fire per year occurs in all three 

catchments in this study. Charcoal of differing ages in a 

sample would produce an age that is a weighted average of 

their ages (Head~ 1987). 

Uncertainties in radiocarbon dates also arise from 

atmospheric contamination. The Suess effect describes a 

decrease in atmospheric C-14 activity of 2% between 1890 

and 1954, which is still occurring at the rate of 0.05% per 

year (Gupta and Polach~ 1985). It is caused by the 
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dilution of atmospheric C-14 due to the introduction of 

large quantities of nonradioactive CO, produced by the 

combustion of fossil fuels since the Industrial Revolution. 

Conversely, atomic bomb testing has introduced significant 

amounts of C-14 into the atmosphere since 1954, although the 

reduction in testing is allowing C-14 activities to 

slowly diminish. Thus, samples from approximately the turn

of-the-century to 1954 cannot be dated as precisely 

(relative to their age) as those that are older. This is 
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illustrated by Figure 4.2, in which a sample with the 

activity shown by the dotted horizontal line has 7 possible 

ages. 

IV.3 Thermoluminescence (TL) theory 

Thermoluminescence (TL) dating is based on the ability 

of mineral grains to release stored energy when exposed to 

ionizing radiation. A buried mineral grain accumulates 

energy from its environmental radiation field. This 

radiation takes the form of alpha, beta, and gamma rays 

produced by the decay of radioactive nuclides, with a small 

contribution from cosmic rays. When the mineral grain is 

exposed to ionizing radiation, this stored energy is 

released, as electrons within the mineral's lattice 

structure are displaced into metastable states (Mu)-ray, 

1981). This release of energy zeroes the TL clock, so that 

the time of exposure to the radiation can subsequently be 

determined, if the rate at which the mineral accumulates TL 

is known. When dating geological sediments other than 

those exposed to volcanic heat, the zeroing event is 

assumed to be the most recent exposure of the mineral grain 

to the ultraviolet rays of sunlight. The amount of TL 

accumulated by a sample since the last zeroing event 

depends on: (i) the intensity of the environmental 

radiation field to which the sample has been exposed, (ii) 
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the time over which the sample was exposed to radiation, 

and (iii) the sensitivity of the sample to radiation. 

In practice, however, it has been found that a 

residual, unbleachable amount of TL always remains within 

the mineral grains. The level of this TL, designated 1o, 

can be determined for a sample by constructing a sunlight 

bleaching curve, as shown in the next section (Wintle and 

Huntley, 1982). 10 is then subtracted from the amount of 

TL contained by a sample, to give the equivalent dose (ED), 

or the actual amount of TL that the sample has acquired 

since the last zeroing event. The ED is divided by the 

annual dose rate, or the amount of radiation that the 

sample receives per yeal-, to give the age of the sample. 

The annual dose rate is determined by measuring the natural 

radioactivity of the sample before treatment, as described 

in section 4. In other words, 

T = ED I D~ + D... + DO\, + Dc. (equation 1) 

(after Fleming, 1979) 
where 
T = time elapsed since last zeroing event 
ED = equivalent dose 
D~ = beta ray dose rate 
D¥ = gamma ray dose rate 
DO\, = alpha ray dose rate 
Dc = cosmic ray dose rate 

This fairly straightforward procedure is complicated 

by two factors; length of sediment exposure to sunlight, 

and the groundwater history of the sample. In practice, 

approximately 90X of a sample's bleachable TL is removed by 
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5 hours of exposure to natural sunlight (Figure 4.3). When 

dating extremely rapidly deposited sediments, however, the 

exposure time may be inadequate. Several of the samples 

dated in this study are assumed to have been emplaced over a 

period of hours by a single flood event. Because there is 

no reasonable alternative, it is assumed that the sediments 

were adequately bleached during transport or prior to the 

flood event, when they may have formed upstream sand banks. 

As a test of this assumption, grains forming the surface 

layer of the present deposit were examined for TL content. 

The second complication is introduced by the water 

content of the sample. Pore water absorbs some of the 

energy released by the environmental radiation field, and 

could thus give rise to a falsely young age for a sample. 

As a result, a reasonable estimate must be made of the 

average water content of the sample through time. 

IV.4 TL dating procedure 

Samples were collected by forcing a length of 5 cm 

diameter pvc tubing into a fresh exposure. The tubing was 

then carefully wrapped in opaque black plastic, and all 

further sample preparation was conducted in a laboratory 

specially designed to exclude ultraviolet radiation. 

After discarding any portions of the sample which 

could have been exposed to sunlight during sampling, the 

remainder of the sample was sieved to separate the 90-125 



'U' 5000 I
CD 

i c 
::J 
o 
~ 3000 ~ -::I Do -::J o 
..J 

BleachIng Curve 

c 
... 1000 11 B a • 

~--~--~------~~--------------~--~ ... 10 
O~-------~.--------r-------~---------.--~ 
o 40 80 120 160 

BleachIng tIme (hours) 

Figure 4.3 Sample thermoluminescence bleaching curve for 

sample MTL 32 (unit EA 22-5); T = temperature 

durin~ ~lowin~, 10 = residual, unbleachable TL. 

101 



102 
~m size fraction. This fraction was etched with 

hydrofluoric acid to remove the outer 10-20 ~m of the 

grains, which are affected by alpha radiation. Because the 

7 samples were composed of fairly pure quartz grains, it 

was unnecessary to remove carbonates, organics, or 

feldspars. Mineral impurities in the form of heavy 

minerals (which are more sensitive to TL than quartz, and 

would thus reduce sample reproducibility) were removed by 

separation in a sodium poly tungstate solution of 2.7 

specific gravity. 

The treated samples were loaded on to 1 cm diameter 

stainless steel discs with high vacuum grease, each disc 

holding B.O ± 0.2 mg of sample. 

were prepared for each sample. 

Approximately 100 discs 

As a cross-check, two types of TL dating procedures 

were used to date the samples; the total bleach method and 

the regeneration method. In the total bleach method, 

suites of discs for each sample are exposed to sunlight for 

specified periods of time; in this study, for 5, 10, 20, 

40, 80 and 160 hours. Four replicates were prepared for 

each exposure time; thus, 24 discs of each sample were 

bleached. Bleaching was done between the hours of 7:30 am 

and 5 pm on sunny days. 

Simultaneously, a suite of discs from each sample was 

beta dosed. Exposed to a calibrated source of beta rays 



(Sr-90), sets of four replicates received 2, 4, 6, 8, 12, 

16, 30 and 100 Grays of radiation, respectively. 
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The bleached and dosed discs were heated to 500°C at a 

linear heating rate of 2.5°/sec in an oxygen-free nitrogen 

atmosphere (a process known as glowing), and the resultant 

TL was observed with a photomultiplier tube and recorded by 

an x-y plotter as a glow curve of TL vs. temperature 

(Figure 4.4). The oxygen-free atmosphere suppresses any 

non-radiation-induced TL that may be induced as a surface 

effect during sample preparation (Aitken~ 1981). A set of 

four naturals (unbleached, undosed discs) was also glowed 

for each sample. 

The four glow curves for each set of replicates were 

shifted along the x-axis in order to produce the most 

consistent vertical alignment among the curves (Fig. 4.4a). 

This curve-shifting offsets temperature shifts which occur 

during the heating procedure due to poor thermal 

conductivity between the disc and the heating plate. The 

glow curves are always shifted toward the lowest 

temperature curve (to the left), because any discrepancies 

during the heating procedure will cause the TL to appear at 

a higher temperature than normal. 

Once the glow curves for a set of replicates are 

aligned, the TL levels of the four curves at a series of 

eight selected temperatures (310, 330, 350, 370, 390, 410~ 

430, 450°C) are used to generate bleaching curves and first 
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glow growth curves. The temperature range is selected to 

eliminate the problem of TL release at low temperatures, so 

that only TL from light-sensitive thermally-stable traps is 

measured (Huntley and others, 1985). 

Bleaching curves illustrate TL level vs. bleaching 

time for each of the eight temperatures, and are used to 

determine the residual TL, 10 (Figure 4.3). First glow 

growth curves illustrate TL level vs. beta irradiation for a 

selected temperature, and are used to equate beta dose to 

the TL level of the ED (Figure 4.5). Samples that have been 

artificially beta dosed (all points on the total bleach 

growth curve beyond the natural. at beta=O) are used to 

define the shape of the growth curve. Both linear 

regression lines and Gauss-Newton nonlinear least square 

fits were used to define a single smooth curve through the 

data points. The 10 level, as determined from the bleaching 

curves, was plotted as a y-axis baseline on the first glow 

growth curves. and the intercepts of these curves with the 

baselines were noted. Plotting the intercepts against 

temperature produced an equivalent dose curve, which 

generally exhibited a plateau between 330
0 and 390

0 C 

(Figure 4.6). The value of the sample's ED is taken to be 

the average of this plateau. 

In the regeneration method, a secondary growth curve 

is produced by exposing all of the discs to sunlight for 

the time period necessary to reach 10 in the total bleach 
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Figure 4,5 Sample TL growth curves 

a) fitted growth curve, total bleach method 

b) simple curves for total bleach and 

regeneration methods 
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method, and then beta dosing the discs. All of the sample~08 

were exposed for 40 hours~ sets of replicates then received 

0, 2, 4, 8, 16 and 30 Grays of radiation, and growth curves 

were generated as described previously. The ED in this 

case is the amount of radiation necessary to produce a TL 

level equal to that of a natural sample (Figure 4.5) 

(Singhvi and Mejdahl, 1984). This ED should be the same as 

that determined via the total bleach method. 

Once the ED has been determined, it must be divided by 

the annual dose rate to yield an age. Determination of the 

annual dose rate requires an estimation of sample water 

content through time, and measurement of the sample's 

environmental radioactivity. Sample water content is 

presented in the form of g water/g sediment. Field 

specimens preserving the natural sedimentary/pedologic 

structure of the samples were used to measure the percent 

water content at total saturation, and the approximate 

moisture content of each sample under field conditions was 

noted. Because all of the samples lie close to the river, 

but above the water table (during the dry season), historic 

gage records for the East Alligator River were used to 

estimate the percent of time that the samples would be 

covered by the river's flow. These three lines of evidence 

were combined to produce a 'best guess' of sample water 

content, which was converted to a correction factor using 

the relationship derived by Zimmerman (1971): 



D(wet) = D(dry)/l + H·6 

where 
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(equation 2) 

D(wet) = radiation dose received by sediment when wet 
D(dry) = radiation dose received by sediment when dry 
H = values for beta and gamma radiations 

H = 1.25 for beta (Rendell, 1985) 
H = 1.00 for gamma (Bowman, 1976) 

6 = water content expressed as a fraction, by weight, of 
the dry sediment 

Measurement of a sample's environmental radiation 

field must account for radiation produced by alpha, beta, 

gamma~ and cosmic rays. Cosmic ray dose varies as a 

function of latitude, and a constant value of 0.13 ± .02 

Gy/ky is assumed. The other three types of radiation 

are produced by the decay of naturally-occurring 

radionuclides. For these samples, 200 g of untreated 

sample were cast in polyester resin to form a cup-shaped 

mold. This casting prevents gaseous daughter radionuclides 

(such as Rn-222) from escaping. The mold was allowed to 

equilibrate for a month, and was then analyzed in a low 

level, high resolution gamma spectrometer, in which the 

activities of the U-238~ Th-232, and K-40 series were 

measured over a period of 24 hours. The resulting values 

for the 9 nuclides (Table 4.2), in Bq/kg, were converted to 

Gy/ky using annual dose rates for each isotope group 

(Appendix 2) (Murray, 1981), summed to yield overall beta 

and gamma ray dose rates~ and then multiplied by water 
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Table 4.1 Determination of the equivalent dose (ED) 

MTL Sample Plateau Range ED % 10 Comment 
Number (0 C) (Gy) range 

28 330-410 3.4±0.2 19-85 reliable 
28r* 330-410 2.9±0.7 reliable 

29 0.21±0.13 reliable 

30 270-370 3.83±0.15 10-61 reliable 
30r 275-350 6.2±0.2 reliable 

31 310-370 74±6 0 large scatter 
31r 310-370 82±10 poor plateau 

32 260-375 3.15±1.04 13-64 poor plateau 
32r 275-400 2.9±0.2 reliable 

33 335-380 4.96±0.18 16-54 reliable 
33r 260-390 5.0±0.7 reliable 

34 320-395 6.11 ±O. 19 8-52 reliable 
34r 275-390 6.95;tO.12 reliable 

35 320-420 12.5±1.9 5-38 reliable 
35r 260-355 9.6;t1.0 reliable 

Note: 
1. * r denotes data obtained by the regeneration method 
2. spread of 10 as percent of natural over plateau region 



Table 4.2 Calculated ages and estimated uncertainties for 
the East Alligator River thermoluminescence samples 

Sample MTL28 MTL30 MTL31 MTL32 MTL33 MTL34 MTL35 

Age (ka) 2.63 4.1 61 4.3 2.9 4.7 7.0 

Est. 
Uncer. 0.33 1.5 7 1.0 0.4 0.6 1.6 

Note: The estimated uncertainty includes all sources of 
known uncertainty. 
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correction factors and a beta attenuation factor of 0.95 as 

a correction for etching (Mejdahl, 1979). 

The alpha component of the annual dose rate was 

evaluated by a combination of thick source alpha counting 

and gamma spectrometry. The effective alpha dose rate is 

calculated from 

where 

o = (0.128)(1.05)a~ (equation 3) 
(after Murray, 1981) 

a = 0.15, the assumed relative efficiency of alpha
producing light to beta-producing light~ 

~ = alpha count rate in counts/ksec of etched sample 

Thick source alpha counting tends to overcount for 

samples from which there is substantial radon escape 

(Aitken, 1978), as indicated by the consistently lower 

values predicted from gamma spectroscopy. Thus, thick 

source alpha counting was used only as an indicator of the 

ratios of infinite matrix and internal activities (that is, 

bulk and etched samples). This ratio for each sample was 

multiplied by annual dose rates for each isotope group 

(Murray. 1981), and then summed to yield a value of ~ which 

was used in equation 3. 

Finally, the alpha, beta, gamma, and cosmic ray dose 

rates. and the EO values, were substituted into equation 1 

to yield sample ages (Table 4.2). 

---r---
Assume no attenuation by water inside of grains; ie .• no 

correction for alpha radiation. 
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IV.5 Uncertainties in TL dates 

As mentioned previously, two methods of TL dating were 

applied to the sediments in order to determine the 

reliability and internal consistency of the technique. An 

:1-
illustrative ED plot for sample EA 22-5 (MTL 32) is shown 

in Figure 4.6. On the basis of slope ratios, data scatter, 

and degree of plateau definition, each ED was assigned to 

the qualitative categories of reliable, unreliable, or 

rejected (Table 4.1). Ideally, both TL methods should 

produce the same ED~ but in practice the regeneration 

method generally produced a lower value, and a weighted 

average of the two values was used in the age calculations. 

Where both ED values for a sample were judged to be 

reliable, the error produced by the weighted average 

calculation was used. Where one or both ED values were 

considered unreliable, the spread of the two values was used 

as an error estimate. The regeneration ED values tended to 

be more reliable, because the total bleach growth curves for 

some samples showed a low reproducibility (large scatter 

among the data points). For samples with a good 

reproducibility in the total bleach method, the slope ratios 

of the two methods tend to converge. 

:1.Sample codes consist of letters for each river (EA = East 
Alligator, B = Burdekin, H = Herbert), and numbers for site, 
section, and unit (see glossary). 
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Three samples in particular require discussion; EA 21-3 

(MTL 30), EA 21-4 (MTL 31), and EA 23-1 (MTL 33). EA 21-3 

is regarded as the least reliable date due to the 

significant slope change between the total bleach and 

regeneration growth curves, which indicates a change in 

sensitivity (the total bleach is more sensitive than the 

regeneration method). 

Both ED values for EA 21-4 have been rejected. The 

glow curves for the total bleach method have an 

unacceptably high scatter of data, and the plateau for the 

regeneration method is poorly defined. The ED values are 

also at least ten times those for the other samples, 

including the unit directly overlying this, EA 21-3. In 

other words, the saturation limit of EA 21-4 is about ten 

times the expected light level. Stratigraphically, the 

most obvious explanation for this anomaly is colluvial 

contamination. If in situ weathering of colluvial 

pebbles of the Proterozoic Kombolgie Formation is 

releasing quartz grains saturated with TL, then the TL 

sensitivity of the sample should increase from the total 

bleach to the regeneration method: The portion of the 

sample consisting of colluvial grains would be saturated, 

and hence unable to absorb any further radiation, such as 

that produced by the beta source during the total bleach 

procedure. During the regeneration procedure. however, the 

colluvial grains would be bleached and thus receptive to 
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artificial beta radiation. An increase in sensitivity 

would appear as a decrease in the total bleach/regeneration 

slope ratios, but the EA 21-4 ratios do not decrease. 

However, this procedure does not permit discrimination of 

slope changes of less than 30-40X. Therefore, a light 

level change of less than a factor of 4 is undetectable~ so 

that the 80 Gy ED of EA 21-4 could be as low as 20 Gy~ 

which would appear more reasonable in comparison to the 

other samples. 

The gamma ray dose rate for EA 23-1 has been corrected 

due to the shallow depth at which the sample was collected. 

The measured Dy produced an age of approximately 2700 

years. However, this calculation assumed an infinite 

matrix gamma source; that is, at least 30 cm of sediment on 

all sides of the sample. EA 23-1 was sampled at 15 cm 

below the surface, so that the infinite matrix assumption 

produced an underestimate of the age, because the sample 

was actually receiving a lower gamma dose. Therefore, the 

true D~ value lies between the measured rate of 0.70 Gy/ky 

and the present dose rate of 0.52 Gy/ky (assuming gradual 

surface erosion). An average value of 0.61 Gy/ky was used~ 

a correction which produces only a minor change of 

approximately 200 years. 

As a check on the efficiency of natural bleaching of 

the sediments~ the surface monolayer of grains at the study 

site was treated and processed. The resultant ED value of 



0.21 Gy indicates that sunlight exposure under natural 

conditions does not completely zero a sample to the level 

of 10 , but the error introduced by the assumption of 

complete zeroing is of the same order as the error bars on 

the other ED values. 

116 

Although quartz grains are believed to be unaffected 

by anomalous fading (Wintle~ 1978), two of the samples were 

tested for this phenomenon. Anomalous fading is a 

reduction in the TL level of the high temperature portion 

of a glow curve when an irradiated sample is stored for a 

period of time before glowing. As a test, 6 replicate discs 

of each of the test samples were exposed to 40 hours of 

sunlight. Three of the replicates were immediately beta

dosed. After a month, the other 3 replicates were 

similarly dosed, and then all 6 replicates were glowed. 

The scatter of values from these 6 glow curves was within 

the normal range of variability, indicating that anomalous 

fading had not occurred. 

IV.6 Discussion of TL dates 

Figure 3.18 schematically illustrates the stratigraphy 

of the site from which 6 of the TL samples were obtained. 

For the most part, radiocarbon dates provide a 

complementary chronology to the TL dates in terms of the 

stratigraphic units sampled for each technique, but in unit 

EA 22-5 (MTL 32) the two techniques overlap. TL dating 
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produced an age of 4170 ± 610 years for EA 22-5, while the 

corresponding C-14 date was 1200 ± 150 yr BP (ANU-5613'. 

This date was obtained from charcoal believed to be 

contemporaneous with the depositional unit. Due to the 

particle size of the charcoal relative to the average grain 

size of the surrounding deposit, it is highly unlikely that 

the charcoal is anomalously young due to movement down the 

stratigraphic profile. Rather, the age of the charcoal 

indicates a maximum limiting age for the deposit. 

Radiocarbon ages of similar charcoal in overlying 

depositional units are stratigraphically consistent with the 

1200 yr BP age of EA 22-5. Therefore, it is assumed that 

the TL age is the less accurate of the two dates for unit EA 

22-5. The most obvious explanation for this error is 

inadequate bleaching of the sands at the time of 

deposition. Before deposition at this site, these sands 

could be bleached either during transport or while exposed 

at their last depositional site. Further work is necessary 

to determine when the bleaching occurs, and how effective 

it is: With regard to bleaching during transport, the 

significant factors would be duration of transport time, 

method of transport (in suspension or as bedload'~ 

intensity of sunlight during time of transport, and 

effectiveness of subaqueous bleaching. Preliminary 

experimental work using flumes and ultraviolet lamps has 

indicated that the speed of zeroing is inversely related to 
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the speed of flow due to a reduction in the penetration of 

ultraviolet radiation caused by high amounts of sediment 

suspension resulting from turbulence, suggesting that 

sediments in a rapid-flowing, high-sediment-load river may 

not be completely bleached during transport (Gemmell, 

1985). With regard to bleaching at the previous 

depositional site, further research is needed to determine 

the effective depth of bleaching of exposed sand, and how 

unequal bleaching of a given depositional unit will affect 

the TL age determination. 

In the context of a paleohydrologic reconstruction. 

only the units of EA 22 can be unequivocally identified as 

slackwater deposits. Section EA 21 is a mixture of 

hillslope colluvium and fluvially-deposited sediments, 

which probably grade laterally into the wholly fluvial 

deposits of section EA 23. As discussed previously, the 

unusually high age of MTL 31 (EA 21-4) is suspect due to 

colluvial contamination, and may thus be dismissed from 

consideration in the stratigraphic interpretation of the TL 

results. The radiochemical analyses performed on the 

samples during the course of gamma spectroscopy indicate 

that the samples from each of the three sections are 

internally consistent and different than samples from other 

sections, although EA 21 and 23 are more similar to each 

other than to EA 22. This is corroborated by field 



evidence such as texture~ average grain size, i~duration, 

and color. 
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The preparation and dating of the seven samples 

analyzed here required three months of intensive labor. 

Thus~ TL dating requires a good deal more time and effort 

per sample than radiocarbon dating. However, in a 

situation such as that described here. TL dates may provide 

a significant contribution to the interpretation of site 

stratigraphy: No radiocarbon-datable material was found in 

sections EA 21 and EA 23, and a knowledge of the relative 

ages of these deposits is important to understanding the 

conditions operating at the time of deposition of section 

EA 22. Therefore, TL dating appears to be a viable 

tool for use in the interpretation of fluvial stratigraphy, 

provided that the constraints of possible inadequate 

bleaching are considered. TL dating currently being done 

on fluvial quartz sands at other sites in the Alligator 

Rivers Region (East, 1986), and on fluvial sands and silts 

in southeastern Australia (Nanson, 1986) seems to indicate 

that the location of the deposit within the drainage basin 

is an important control on the degree of bleaching: 

Whether the deposit is bed material, SWD, or terrace 

sediment~ if it is in the lower reaches of the basin it is 

more likely to be adequately bleached. 



IV.7 Summary 

Radiocarbon and thermoluminescence (TL) dating were 

used to provide a chronology of flood deposits for this 

study. Radiocarbon dates for all three study rivers form 

the bulk of this chronologie framework, and were obtained 

from charcoal and wood in the SWD. Uncertainties in the 

accuracy of these dates are caused by the physical history 

of the sample and by industrial/bomb contamination of the 

global atmosphere. Because of these uncertainties, a 

radiocarbon date must be regarded as a maximum limiting 

age. 

TL dating provided a subsidiary chronology for the 

East Alligator River study site. Quartz sands were dated 
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using the total bleach and regeneration methods. Although 

comparison of radiocarbon and TL dates demonstrated that 

the TL samples were not completely zeroed during transport, 

the TL dates are internally consistent and thus of some use 

for establishing relative age constraints. 
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V. CLIMATE 

The purpose of this chapter is to establish a specific, 

detailed climatic framework within which to interpret the 

significance of the paleoflood record. It is essentially an 

elaboration of the brief climatic description given for each 

site in chapter III. 

V.l Regional climatic controls and current climate 

The northern third of Australia is the southern 

boundary of a region known as the maritime continent 

(Ramage, 1971), which extends from the Indo-Malayan 

Archipelago to the islands and atolls of the southwest 

Pacific. The region acts as an important heat source on a 

global scale (due to an extensive SST maximum), driving 

extensive regional atmospheric circulations to the north and 

south (McAlpine and others, 1983). Global atmospheric 

circulation arises primarily due to the meridional (n-s) 

radiative imbalance of the earth; the equatorial and 

tropical regions have a positive net radiation balance of 

the earth-atmosphere system, while the polar regions are 

negative. Heat transport from lower to higher latitudes 

occurs through motions of the general atmospheric 

circulation and through synoptic scale disturbances 

(cyclones and anti-cyclones) in order to reduce this 

imbalance (McAlpine and others, 1983). Zonal (e-w) heat 

transport is effected by the ITCZ (Intertropical Convergence 



Zone) and the Walker circulation, while meridional (n-s) 

heat transport is accomplished through the Hadley cell and 

polar troughs (Hall, 1984). 

The ITCZ is a zonal convective region of high 

cloudiness and rainfall (Figure 5.1) that forms a part of 

the ascending branches of the Walker circulation and the 
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Hadley cell. In the Walker circulation, cool dry air sinks 

over the cold waters of the eastern Pacific, flows westward 

along the equator as part of the southeast trade wind 

system (becoming warmer and moister as it flows westward 

over progressively warmer water), rises and loses its 

moisture to raincloud condensation over the western Pacific 

(maritime continent), and then returns to the east in the 

upper troposphere. This flow of air is driven by the 

higher surface pressure over the eastern Pacific and the 

lower pressure over the warm water region of the maritime 

continent (Rasmusson, 1985). The strength of the Walker 

circulation varies with the surface water temperature of 

the Pacific Ocean, and in turn is part of the wider 

tropical fluctuation of the Southern Oscillation (SO) 

(Lockwood, 1984). Variations in the position and/or 

strength of the Walker circulation are associated with 

rainfall variations over the maritime continent (McAlpine 

and others, 1983; Simmonds and Smith, 1984; Webster, 1984). 

For example, Nicholls (1977) noted that periods of 

increased equatorial rainfall coincided with stronger 



b. Dec-Feb 

Figure 5.1 Location of the Intertropical Convergence Zone (ITCZ; 

shaded are~s) during normal years 

1985, Figure 3). 

(after Rasmusson, 
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subtropical westerlies <and a decrease in the strength of 

the westerlies further poleward). 

The Hadley cell "begins" at the ITC2, where latent 

heat energy released by moisture laden converging trade 

winds is transported poleward by high tropospheric winds. 

This poleward-moving air cools and subsides, returning to 

the lower troposphere at the subtropical high pressure 

belt, from where it flows back to the equatorial trough as 

trade winds, picking up large amounts of moisture 

evaporated from the tropical oceans as it goes, to begin 

the cycle again. Polar troughs are low pressure, 

meridional troughs which act as a focus for poleward heat 

transport (McAlpine and others, 1983). 

Two alternative theories explain the intensity and 

position of the ITC2: The first emphasizes the dynamics of 

the low-level convergence in the tropical boundary layer, 

while the second emphasizes the distribution of sea surface 

temperature around the equator. 80th mechanisms are 

probably partly involved, and both theories emphasize the 

necessity of an equatorward flow of nearly saturated moist 

air in the trade winds, suggesting that if cooler tradewinds 

or sea surface temperatures reduced the moisture in the 

boundary layer, the ITCZ would be weaker and would generate 

fewer disturbances (Webster and Streten, 1972). In 

addition, the seasonal movement of the ITCZ is constrained 

by the strength and location of the subtropical 
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anticyclones, two high pressure belts located between 20° and 

40·N and S. These belts move equatorward in the winter 

hemisphere, bringing cool, dry air. 

The zonal components of the main tropical wind systems 

tend to be stronger than the meridional components due to 

the earth's rotation. The three main zonal tropical wind 

systems are the easterlies (including the trade winds), the 

upper-level westerlies (anti-trades), and the 

equatorial/monsoonal westerlies of tropical land masses; the 

easterlies are the most extensive. Over tropical land 

masses, the winter easterly trade winds alternate with 

summer monsoonal westerlies, which develop mainly due to 

large seasonal temperature and pressure shifts caused by the 

thermal effects of the African, Asian, and Australian land 

masses. Displacement of the equatorial trough by 20° to 30° 

of latitude in the summer hemisphere, and the resulting 

pressure gradient between the equator and the equatorial 

trough, produces the monsoonal winds (McAlpine and others, 

1983) • 

The main southern hemisphere summer monsoon is the 

Indo-Australian northwest monsoon, but only a small 

proportion of Australia is really monsoonal (Figure 5.2). 

The winter circulation of the continent is zonal, and 

easterlies dominate northern Australia, while the summer 

circulation of the continent is meridional, and monsoonal 

westerlies alternate with easterlies over northern 



Figure 5.2 Monsoonal Australia (after Hall, 1984, Figure 1). 

monsoon 

I ,tropical 
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Figure 5.3 The position of the monsoon shear line and 

the mean flow pattern in January (after 

Gentilli, 1971, Figure 25, Chapter 5 and 

Figure 16, Chapter 6, and Lee and Neal, 

1984, Figure 8) 

126 



127 
Australia (Gentilli, 1971>. The onset of the northern 

Australian monsoon generally occurs in late December or 

early January when the winter intensification and southward 

extension of the northern hemisphere Hadley circulation 

(Gentilli, 1971) displaces the ITCZ southward (Nix and 

Kalma, 1972) (Figure 5.1). The heaviest precipitation 

occurs during January and February, in association with the 

monsoon shear line (Hall, 1984). This line marks the 

convergence of the easterlies and westerlies (Figure 5.3), 

and monsoonal rain disturbances and tropical depressions 

(tropical cyclones over oceanic areas) develop along it. 

North of the line the monsoonal westerlies bring rain, 

while south of the line the easterlies produce orographic 

rain where they encounter the Great Dividing Range, 

particularly north of Townsville (Lee and Neal, 1984). The 

monsoon persists until late March, when the easterlies 

again become dominant. Thus, the climate of northern 

Australia consists of a summer wet season (Dec-Mar) and a 

winter dry season, with minor temperature variation. 

To summarize, the factors controlling the temperature 

and precipitation regimes of northern Australia are; (a) 

the annual poleward movement of the ITCZ, (b) the frequency 

and strength of the westerlies and related migratory 

depressions, (c) the position, strength, and relative 

stability of subtropical anticyclones, and (d) the position 



128 
and nature of offshore currents and sea surface temperature 

(SST) anomalies. All of these factors are related to the 

high-level global circulation pattern, and particularly to 

the position, strength, and relative sinuosity of the polar 

and subtropical jet streams and the tropical easterly jet 

stream (Rognon and Williams, 1977). 

Occasionally the wet season "fails", bringing drought 

to northern Australia. These droughts may be related to 

ENSO (EI Nino/Southern Oscillation) events, although there 

is some controversy regarding the nature of the connection: 

McBride and Nicholls (1983) found only a weak relationship 

between the SO and Australian monsoonal rainfall, while 

Pittock (1975) claimed that a positive SO index (Papeete-

Darwin) correlates with increased rainfall over northern 

and eastern Australia, and has done so throughout this 

century (Gibbs and others, 1978). Rimmer and Hossack 

(1939) found that pressure over the Indian Ocean had a 

close relationship with Queensland rainfall, that winter 

rain (Jun-Aug) in the Cape York peninsula and the East 

Indies was related to Queensland rain the following summer 

(probably indicating that the winter rain is an index of 

the same influences controlling the summer rainfall), and 

that there is a high correlation between the Jun-Aug SO and 

the following Dec-Feb SO. 

Allan (1983b) suggested that some of the confusion 

might be due to variability in the extent, intensity, and 



organization of the SO phenomenon itself; strong SO periodg29 

seem to have a different type of circulation than weaker 

ones. Drawing on the findings of others, Allan (in press) 

has noted that the long term stability of the SO ocean

atmosphere phenomenon is questionable. Other cycles 

superimposed on the SO record, such as global temperature 

fluctuations, seem to indicate that the SO cycle, with its 

ENSo and anti-ENSO phases, is part of a larger climatic 

feature which includes global teleconnection patterns and 

the monsoonal system. In addition, Allan (1983a) shows 

that although a few dynamic features reflect very strong 

SOl values and thus So/WC extremes in Australian summers, 

they do not relate consistently to SOl extremes, but show a 

better association with broad SO/WC phases. Because the 

SO/WC is not adequately described as a standing fluctuation 

(Rasmusson and Carpenter, 1982), it is reasonable not to 

find conclusive SOl/dynamic links. However, "periods of 

protracted atmospheric persistence may lock the circulation 

in extensive + or - SOl episodes" (Allan, 1983), which then 

correlate well with such manifestations as rainfall 

distribution. 

The phrase Southern Oscillation refers to an out of 

phase oscillation between sea-level pressure over the 

eastern tropical Pacific and that over the western tropical 

Pacific and Indian Oceans (Reynolds, 1985). The single 

most prominent signal in year-to-year climatic variability 
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(Rasmusson, 1985), it was originally described by Walker in 

1928, and in 1969 Bjerknes demonstrated that it was 

associated with fluctuations in equatorial Pacific SST. 

These SST fluctuations are now referred to as the EI Nino 

(the child) phenomenon, after a warm current which occurs 

off the Peruvian coast at Christmas. Subsequent research 

has shown that the ENSO phenomenon is the dominant 

global climate signal on time scales of a few months to a 

few years (Rasmusson and Wallace, 1983). ENSO episodes 

occur every 2 to 10 years, lasting from 8 months to more 

than a year, and the general sequence is as follows 

(Varnal, 1985) (Figure 5.4): 

(1) The SO index (SOl), a measure of the sea-level pressure 

difference between Papeete, Tahiti and Darwin, Australia, 

falls. This indicates low pressure and wet conditions in 

the tropical eastern Pacific. 

(2) The strength of the equatorial Pacific easterlies 

diminishes, reducing the wind drag on the westward-

flowing oceanic currents of cool water, so that the warm 

waters of the western Pacific migrate eastward, and 

upwelling of cool water off the Peruvian coast diminishes. 

(3) A positive equatorial SST anomaly develops between 

Australia and South America (Figure 5.5), encouraging 

atmospheric convection. 

(4) The convection of the lTCZ shifts from its normal 

location over the maritime continent (Figure 5.1) to the 
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a} Sea-level pressure falls at 

Papeete, Tahiti (H = high 

pressure, L = low ~ressure) 

b) Strength of equatorial 

easterlies diminishes, and 

warm water moves eastward 

(solid arrows are oceanic 

currents, dashed arrows 

are atmospheric; W = warm 

water, C = cool water) 

Figure 5.4 The general sequence of events during an ENSO episode. 
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c) A positive equatorial SST 

anomaly develops (C = cool 

water, W = warm water) 

d) ITCZ shifts to location of 

SST anomaly (R = rain, D = 
dry; shaded areas represent 

location of ITCZ) 

Figure 5.4 The general sequence of events during an ENSO episode 

( continued) • 



Figure 5.5 Positive SST anomaly (shaded region) for 

Nov-Jan of ENSO years (after Yarnal, 1985, 

Figure 1) 

Figure 5.6 Shaded areas Wand E are regions from 

which advection of warm moist air takes 

place over the Australian continent during 

or preceding extensive periods of rain 

(after Streten, 1981, Figure 3) 
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area of the anomaly, creating a drought over the 

maritime continent and heavy precipitation and latent 

heat release over the normally dry central and eastern 

equatorial Pacific, and perturbation of the atmospheric 

circulation in the form of an enhanced Hadley cell 

circulation. 

The above sequence of events forms a -501 extreme or ENSO 

period. An anti-ENSO period is accompanied by +501 

extremes (Allan, in press). 

Two types of mechanisms are currently envisioned for 

generating the low-frequency variability of ENSO/anti-ENSO 

episodes (McCreary, 1986): 

134 

(1) Ocean-atmosphere interactions allow two equilibrium 

states to exist for the same values of model parameters - a 

normal state with strong equatorial trades, and an "El 

Nino" state with weak trades. 

(2) Ocean-atmosphere interaction causes a convective 

instability where an initial equatorial region of warm SST 

induces atmospheric convection and a convergent surface 

wind field, which in turn drives convergent equatorial 

currents and increases the SST. This instability grows to 

finite amplitude, and then propagates eastward. 

As mentioned previously, the occurrence of an ENSO 

episode has been linked to negative variations in monsoonal 

rainfall over northern Australia. With respect to positive 

variations, Streten (1981), Nicholls (1984a), Voice (1984), 
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Voice and Hunt (1984), and Simmonds and Trigg (1987) found 

that above normal SST around Australia were associated with 

extreme rainfall years (Figure 5.6). Simmonds and Smith 

(1986) used a GeM to produce ENSO-like anomalies in the 

Walker circulation and surface pressure and precipitation 

distributions by removing zonal SST variation for 

January, and Fu and others (1986) classified different 

types of ENSO events on the basis of west-to-east SST 

gradients in the equatorial Pacific. Byron-Scott and 

Gordon (1986) worked with a model that caused a decrease in 

equatorial SST and an increase in subtropical surface 

pressure when the Hadley circulation was increased. 

Allan (1985) has shown that periods of positive SOl 

are associated with floodings/fillings of Lake Eyre in 

South Australia, due to anomalously high rainfalls. These 

anti-ENSO rainfall distributions seem to be due to enhanced 

large-scale convective patterns, especially in the Southern 

Hemisphere summer, when these periods are associated with 

strong monsoonal conditions extending well over the 

continent (Allan, in press). Figure 5.7 shows conditions 

in the Australasian region during ENSO and anti-ENSO 

events, although only SO episodes strong enough to produce 

a very anomalous SOl (either positive or negative) appear 

to affect Australia (Allan, in press). 



136 

~(}?5~' 
ENSO 

--- - .. .. , - -- .. .. ... .. .... - .. 
~ ,tr , .... ,/ 

~ Ci:) , ~~" I , 
1- , ... 

I \ '{J 

I "' I =" , , 
... .... _ .. ,.. ... I 

Winter-Spring Summer 

ANTI-ENSO 

~G ... ,.' 
D·" --_ ...... -, + , 
i<J + .. , 

~(J -~, 'tr ~' I \ 

~: CO 0 " 

I 
, 

\ 

I 
I 

I 
I \ 

+ , 
I 

\ + . 

" " 
.. ' ,,'b 

I\) iJb flJc!J --
Winter-Spring Summer 

Figure 5.7 Australasian ocean-atmosp~ere conditions during strong ENSO and anti-ENSO events 

(after Allan, in press, Figure 17) 
+/
VW 

SST 
tropical cyclones 
rainfall 

atmosDhere: 
.... strong flow 

_ weak flow 
.0 trough 



137 
V.2 Regional paleoclimat&s over the last 30,000 years 

There are very few studies of paleoclimatic indicators 

within northeastern and north-central Australia. Kershaw 

(1978) has studied pollen records from volcanic crater lakes 

in northern Queensland, Torgersen (1984) has cored the Gulf 

of Carpentaria and van Andel (van Andel and others, 1967) 

the Timor Sea, Clarke and Chappell (Clarke and others, 1979) 

have studied the sealevel history of the northern coast, 

Chivas (Chivas and others, 1986) has examined late Holocene 

storminess off the east coast of Queensland, and Bowler has 

determined the sedimentary history of a Northern Territory 

lake. I will deal with the evidence from each of these 

studies (Figure 5.8), and then present a coherent picture of 

the region. 

Kershaw (1978) has a pollen record covering the last 

120,000 years. Figure 5.9 shows his interpretation of 

rainfall variation over the last 30,000 years on the basis 

of vegetation changes. The most striking feature is a rapid 

increase in rainfall between 10,000 and 7000 yr BP. 

Torgersen (1984; Torgersen and others, 1985) has found that 

the Gulf of Carpentaria contracted to a lake between 30,000 

and 10,000 years ago. This would have reduced the regional 

input of moisture and latent heat to the atmosphere and to 

tropical cyclogenesis, producing a much drier climate. 

Similarly, van Andel and others (1967) found that the Timor 

Sea was considerably lower between 20,000 and 15,000 yr BP, 
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Figure 5.8 Locations of the paleoclimatic studies 

referred to in the text 
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Figure 5.9 Inferred mean annual rainfall (mm) of northeastern 

Queensland (after Kershaw, 1978, Figure 1). 
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rising to its present position about 3000 yr BP. 
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During the 

period of lower sealevel the region is believed to have been 

more arid. Clarke and others (1979), however, determined 

that sealevel has not fluctuated significantly since 6000-

7000 yr BP on the basis of dates from chenier plains off 

the coast of the Northern Territory. In his study of 

lakeshore levels and sediments of Lake Woods, Bowler (1983) 

has found that the central portion of the Northern Territory 

was drier during the last glacial ma~imum at 18,000 yr BP. 

Chivas and others (1986) used rates of coral cay 

construction off the east Queensland coast to determine that 

rates of storminess have not varied significantly over the 

last 4000 years (at a resolution of 100 years). 

Using the physical evidence from these studies and 

from other, related regions, broad-scale atmospheric and 

oceanic circulation patterns for the region have been 

inferred. Webster and Streten (1972, 1978) used the 

evidence for Pleistocene aridity to postulate a 

climate in which the westerlies and the subtropical 

high pressure belt were more equatorward than 

at present, with cooler SST, cooler trades, and more 

e~posed land surface. They also hypothesized a weakening 

of the summer monsoonal wet season circulation and a 

reduction in tropical cyclogenesis due to the absence of 

warm coastal waters. Bowler and others (1976) echo this 

view of the Pleistocene, with a rapid change to more moist 
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conditions at the Holocene boundary, followed by stability 

up to the present. Rognon and Williams (1977) attribute 

changes primarily to variations in the position and strength 

of the subtropical anticyclones, which are in turn related 

to changes in the position and wave amplitude of the 

subtropical westerly jet stream. As they explain, 

liThe subtropical anticyclones may act as buffers 
when the thermal balance between the two 
hemispheres is upset by an excess of surface ice 
in anyone hemisphere, and this influences the 
climate well beyond the deserts." 

Therefore, Pleistocene aridity was caused by a weakened 

summer monsoonal rain system due to persistent summer 

subtropical anticyclones (Williams, 1985), and the early 

Holocene wet period was due to a weakening of the 

subtropical anticyclone because of high world temperatures 

which favored the more active flow of the rain-bearing 

monsoonal air-masses. 

To summarize; the Pleistocene was a time of greater 

aridity throughout northern Australia due to disruption of 

the monsoonal circulation system and a weakening of the 

ITCZ circulation caused by an equatorward shift of the 

subtropical anticyclones accompanied by more exposed land 

surface and cooler SST. During the early Holocene the 

climate rapidly became more moist due to a weakening of the 

subtropical high pressure belts and an enhanced monsoonal 

circulation. This trend peaked about 5000 yr 8P (Kershaw, 



1983), and the climate has slowly become more arid since 

then. 

V.3 The meteorologic conditions that produce floods on 
the Burdekin and Herbert Rivers 

Historic records of discharge, precipitation, and 

cyclone tracks were used to determine the meteorologic 

causes of the largest historic floods on the Burdekin and 
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Herbert Rivers. The ten largest historic floods, chosen on 

the basis of discharges recorded at the mouth of each 

catchment, are shown in Table 5.1. Precipitation records 

for 22 stations in and around the catchments (Figure 5.10) 

indicated rainfall distributions and intensity at the time 

of the floods. 

As shown in Table 5.1, the majority of large floods on 

the two rivers are associated with the presence of tropical 

cyclones in or near the catchment. A cyclone has a 

clockwise rotation developed as winds over the tropical 

ocean evaporate water, which rises as vapor until the air 

aloft is saturated, then condenses to clouds and releases 

large amounts of energy as heat. The lower density of the 

hot upper air creates an area of deepening low pressure 

into which surrounding air pours and swirls upward. The 

process continues as long as warm, moist air flows in 

toward the center of the storm and the ocean is warm enough 

to supply heat and water vapor. Typical cyclones are 500-



Table 5.1 Historic floods on the Burdekin and Herbert 
Rivers 

Date 

3/4/46 
4/9/40 
4/3/58 
3/9/50 
2/13/27 
2/?/40 
1/25/74 
2/?/58 
1/11/72 
2/17/68 

BURDEKIN RIVER 

Discharge 
(cms) 

40,393 
38,290 
36,000 
30,400 
28,073 
27,700 
26,618 
26,200 
26,140 
25.964 

501 
m a 

+ + 
+ + 

+ + 

+ + 
+ -

Date: month/day/year 

eyc 

< 
< 
< 
< 
< 
< 

< 
< 

Date 

3/14/67 
3/8/77 
2/11/27 
3/22/74 
3/8/56 
3/8/40 
1/16/68 
3/4/46 
1/10/57 
2/27/29 

HERBERT RIVER 

Discharge 
(cms) 

15,336 
7672 
5975 
3883 
3700 
3338 
2737 
2356 
2209 
2008 

501 
m a 

+ + 

+ + 
+ + 
+ + 

+ -

+ + 
+ + 

SOl: Southern Oscillation Index, m = monthly value~ a = 
average wet season (Nov-Apr) value 

eyc: < indicates presence of a cyclone in the catchment 
before or during period of peak discharge 

eyc 

< 
< 
< 

( 

< 

< 

< 
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Figure 5.10 Locations of Queensland rainfall stations 
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stations; 1 = Glenea~le, 2 = Sellheim, 

3 = Home Hill/Clare). 
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2000 km across and 20 km high, and travel at 15-25 km per 

hour (StIJtz, 1986). 
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According to Frank (1977), the typical mature cyclone 

has a structure composed of four basic parts; (1) the eye, 

a central core of subsiding air that averages 5-50 km in 

diameter and is characterized by clear skies and light 

winds, (2) the eyewall cloud, a 10-20 km wide zone of deep 

and vigorous convection in a "throat" of upward-spiralling 

cyclonic rotation, (3) the rainbands, inward-spiralling 

deep convective cloud bands spreading 300-400 km from the 

center, and (4) the moat, a region of sinking air and clear 

skies (Figure 5.11). 

Cyclones generate their warm core structure by 

absorbing latent and sensible heat from the sea and 

converting latent into sensible heat in their rain regions, 

as shown in Figure 5.12 (Reynolds, 1985). 

Cyclone genesis occurs in the regions shown in Figure 

5.13, and is strongly related to the seasonal location of 

the ITCZ. Cyclones tend to occur globally in spurts of 1-3 

weeks, separated by 2-3 week quiescent spells; this appears 

to be related to a 10-20 day periodicity displayed by the 

large-scale tropical circulation (Reynolds, 1985). 

According to Gray (1979) and Reynolds (1985), the 

global incidence of tropical cyclone genesis is seasonally 

related to six physical parameters: 

(1) low-level relative vorticity must be positive; the 
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Figure 5.11 Schematic vertical cross-section of a mature tropical 

cyclone (after Reynolds, 1985, Figure 9; Frank, 1977). 

145 



1. Small low forms; low-level moisture 
convergence into center leads to 
condensation heating at middle and 
higher levels 

2. Further surface pressure falls 

3. Surface wind increases, boosting 
evaporation and allied horizontal 
moisture flux - greater 
condensation heating 

and so on 

Figure 5.12 Schematic diagram of the mechanism producing cyclone 

development - Conditional Instability of the Second Kind 

(after Charney and Eliassen, 1965; Reynolds, 1985). 
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Figure 5.13 Observed frequency of tropical cyclone genesis for 

5 X 5 boxes for a 20-year period (after Reynolds, 

19~5, Figure 8a; Gray, 1979). 
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larger its magnitude, the stronger the low-level convergence 

(2) the vertical component of earth's vorticity disappears 

at the equator, so that organized balanced rotational 

motion usually does not occur within 5°of the equator, 

(3) cyclones form where vertical wind shear between the 

upper and lower troposphere is at a minimum; if there is 

too large a difference between large scale flow at any 

level and the disturbance's speed, there will not be 

concentration of moisture within the column, 

(4) a cyclone develops a warm core through massive 

evaporation and subsequent condensation; evaporation is 

partly related to SST, with a critical value of SST)26°C, 

(5) deep cumulus convection and associated disturbances 

occur mainly where the lower tropospheric lapse of 

equivalent potential temperature (which represents the 

efficiency of coupling between the ocean boundary layer and 

the deep troposphere) is large and positive, and 

(6) a humid middle troposphere favors vigorous moist 

convection, with optimal conditions when relative humidity 

exceeds 70X between 700 and 500 mb. 

The movement of a tropical cyclone through the 

Burdekin or Herbert basins does not necessarily cause a 

large flood. For example, from 31 January to 2 February 

1934, a cyclone passed through the Burdekin basin 
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(Figure 5.14), but the peak discharge for February 1934 

(and for the entire year) was only 7561 cms (average annual 

peak discharge is 10,155 cms). The lack of a direct 

correlation arises from the high spatial variability of 

rainfall around cyclones. According to Shields (1973) and 

Milton (1978), three primary factors control the 

distribution and intensity of cyclone-related rainfall; (1) 

the initial rainfall intensity distribution within the 

cyclonic system as it enters the area of interest, (2) the 

speed and travel direction of the system, and (3) the 

modification of the initial intensity distribution as the 

cyclone passes through the area. The greatest modification 

occurs when a cyclone passes from the ocean to the land. 

Increased friction and greater surface inflow, a 1055 of 

sensible heat from the land, reduction of available 

moisture, and the increasing effect of orography alter the 

oceanic pattern of well-defined spiral rain bands due to 

discrete convergence zones to the land pattern of a more 

widespread rain area (Shields, 1973). As the cyclone moves 

inland it continues to change due to variations in the 

ascent rate of the air caused by topography (Shields, 

1973) . In addition, the precipitation pattern is 

controlled by the broader-scale circulation pattern within 

which the cyclone exists: Uplift at the outer reaches of 

the cyclonic circulation is caused by convergence of winds 

emanating from the cyclone and winds produced by the 



Figure 5.14 The track of a cyclone which passed through the Burdekin 

basin, but did not cause flooding, January 31-February 2, 

1934 (after Lourensz, 1977, Figure 13); de.shed line 

indicates approximate outline of Burdekin-Herbert drainage 

basins. 
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broader-scale circulation. The water content of these 

broader-scale winds controls the precipitation produced at 

the outer edges of a cyclone; moist converging winds 

produce greater precipitation (Milton, 1978). Cooler, 

denser converging air produces a frontal uplift system with 

exceptionally high rainfalls (Shields, 1973). 

Brunt (1966) specifically studied cyclonic rainfall 

patterns in northeastern Australia. He examined 20 

cyclones with a minimum path of 300 km over the Australian 

continent during the period 1949-1965. Among his 

conclusions were: (1) Cyclone-associated rainfall in this 

region is asymmetrical, with the greatest concentration 

generally in the southern forward quadrant of the cyclone 

(which suggests coincidence with the region of maximum low 

level convergence); (2) 24-hour areal rainfalls are mostly 

independent of cyclone size, intensity, speed of forward 

movement, and latitude of landfall; and (3) topography is 

significant in producing high precipitation totals over 

small areas (especially near the coast), but extensive 

rainfall inland is associated with the filling process in 

tropical cyclones. In general, cyclones moving toward the 

south and west have rainfall evenly distributed over both 

forward quadrants, while those moving to the southeast have 

the heaviest rain in the right forward quadrant, and those 

moving to the southwest have it in the left front quadrant 

(Brunt, 1966). 
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Two of the cyclones that Brunt examined produced 

floods on the Burdekin and Herbert Rivers. The Townsville 

Cyclone produced the March 1956 flood on the Herbert (the 

fifth largest), and the Bowen Cyclone produced the April 

1958 flood on the Burdekin (the third largest). The 

Townsville Cyclone was the largest of Brunt's group of 

twenty (measured by average diameter of outer closed 

isobar). During its first 24 hours over land it moved 

predominantly westward, with rainfall concentrated in its 

right front quadrant, while during its second 24 hours it 

moved mainly southward, with the heaviest rain falling in 

its right rear quadrant (Brunt, 1966, Table 2). As shown 

in Figure 5.15, the combination of sudden topographic 

change (sea level to 1200 m) and asymmetric rainfall 

produced particularly heavy rains in the Herbert catchment. 

In contrast, the cyclone produced a 17,700 cms flow in the 

Burdekin which, although the peak flow for that year, is 

only slightly above the average annual peak flow (10,155 

cms) for the 64 years of record. 

The Townsville Cyclone was also examined in a series 

of papers presented at a 1956 symposium on tropical 

cyclones held in Brisbane. Newman and others (1956) noted 

that the cyclonic center moved inland through the Herbert 

River valley before turning south, and that rainfalls 

associated with the cyclone increased substantially after 
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cyclone 
track 

Figure 5.15 Isobyets (rnm) of rainfall for Townsville Cyclone 

(after Brunt, 1966, Figure 8). 
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the cyclone crossed the coast. They also noted that 

flooding occurred on the upper reaches of the Burdekin 

River, although the flood peak was substantially attenuated 

by the time it reached the catchment mouth. Hannay and 

Phillips (1956) suggested that the change in the travel 

direction of the cyclone after it crossed the coast (to 

west-northwest) was produced by topographical effects: 

There would be a tendency for pressure to 
be built up by the onshore winds of the 
left front portion of the cyclone. At the 

same time there would be a likelihood of a 
'lee-depression' effect further northward 
in the right front section, caused by the 
sw winds returning across the massif on to 
the sea. Thus the cyclone would tend to 
move parallel to the coastline, approaching 
the 'lee-depression'. 

The Bowen Cyclone of Brunt's study crossed the coast 

at Bowen (Figure 5.16), with its heaviest rainfall in the 

left front quadrant (Brunt, 1966, Table 2). This produced 

floods in the Bowen and Suttor catchments. This cyclone 

was the smallest that Brunt studied, but the topographic 

enhancement of the Bowen area was sufficient to produce 

high intensity, small-scale rains and a large flood peak at 

Home Hill. 

These case studies illustrate the importance of such 

factors as drainage basin topography and direction of 

cyclone approach on the distribution of cyclone-associated 

rainfall, and hence flooding. In addition, generalized 
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Figure 5.16 Track of the Bowen Cyclone, and areas with elevations above 

450 m (shaded) (after Lourensz, 1977, Figure 25). 
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computer modelling of runoff hydrographs has shown that 

peak discharge is greater for a downstream moving storm 

than for a corresponding upstream moving storm (Ngirane

Katashaya and Wheater, 1985). With this in mind, do the 

cyclones which produced the largest historic floods on the 

Burdekin and Herbert Rivers show any consistent 

characteristics which would account for their potency, as 

compared to other, non-flood-generating cyclones which 

passed over the basins? In order to answer this question, 

I plotted the tracks of flood-producing cyclones (Figures 

5.17 and 5.19), and the tracks of cyclones which passed 

through the catchments, or near enough to influence 

rainfall in the catchments, but did not give rise to floods 

(Figures 5.18 and 5.20). Such tracks provide the most 

readily available data for comparing cyclones which 

occurred between 1909 and 1980, although they giv~ no 

indication of the size or intensity of the cyclones, or of 

the distribution of cyclonic rainfall. 

As Table 5.2 shows, there are minor differences 

between cyclones which generate major floods and those 

which do not, but I do not consider these differences 

significant. Because the topography of the area is a 

constant, the main factors affecting the amount of rainfall 

produced in the river basins by a cyclone are; (1) direction 

of cyclone approach and path (which controls orographic 

rainfall), (2) the forward speed of the cyclone, 



a Feb 1927 
b Feb 1940 
c Apr 1940 
d Mar 1946 
e Mar 1950 
f Apr 1958 
g Feb 1968 

Figure 5.17 The tracks of cyclones producing major floods in the 

Burdekin catchment 

9, 16, 19, 21, 25). 

(after Lourensz, 1977, Figures 
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b 

Jan 1948 
Jan 1950 

c Jan 1959 
d Jan 1980 

a 

a Feb 1934 
b Feb 1941 
c Feb 1949 
d Feb 1914 

Figure 5.18 Representative tracks of cyclones which produced 

rainfall, but not major floods, in the Burdekin 

River catchment; (a) January, (b) February (after 

Lourensz, 1977, Figures 13, 20, 21, 24, 25). 
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d 

a Mar 1934 
b Mar 1946 
c Mar 1956 
d Mar 1977 
e Mar 1977 

c 

Dec 1971 
Dec 1973 

c Apr 1978 

Figure 5.18 Representative tracks of cyclones which ~roduced 

rainfall, but not ma.jor floods, in the Burdekin River 

catchment; (c) March, (d) December and April (after 

Lourensz, 1977, Figures 13, 19, 24, 32, and Lourensz, 

1981, Figures 43, 44). 
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f 

a Feb 1927 
b Feb 1929/~ar 1929 
c Mar 1940 
d Mar 1946 
e Mar 1956 
f Mar 1967 
g Mar 1977 

Figure 5.19 The tracks of cyclones producing ma.1or floods 

in the Herbert catchment (after Lourensz, 

1977, Figures 9, 10, 16, 19, 24, 29, 43). 



b 

a Jan 1934 
b Jan 1950 
c Jan 1956 
d Jan 1959 
e Jan 1979 

a 

Feb 1934 
Feb 1940 

c Feb 1947 
d Feb 1949 
e Feb 1974 
f Feb 1976 
g Feb 1979 

Figure 5.20 Representative tracks of cyclones which produced 

rainfall, but not major floods, in the Herbert River 

catchment; (a) January, (b) February (after Lourensz, 

1977, Figures 13, 16, 19, 20, 21, 24, 25, 33, and 

Lourensz, 1981, Figures 43, 44). 
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a 

Mar 1934 
Mar 1950 

c Mar 1976 

c 

b 

a Apr 1940 
b Dec 1956 
c Dec 1971 
d Dec 1973 
e Apr 1978 

Figure 5.20 Representative tracks of cyclones which ~roduced 

rainfall, but not major floods, in the Herbert River 

catchment; (c) March, (d) December and April (after 

Lourensz, 1977, Figures 13, 16, 21, 24, 32, 33, and 

Lourensz, 1981, Figure 44). 
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Table 5.2 Comparison of the characteristics of cyclones 
which caused floods in the Burdekin and Herbert 
River catchments and those which did not 

BURDEKIN RIVER 

- initially cross the coast between Cairns and Rockhampton 
- come from the east 
- are equally distributed between February (2), March (2), 

and April (2) 
- average speed of 16 km/hr (range 9.5-20.5) 
- all had the Burdekin basin in their preferred quadrant* 

- initially cross the coast between Lockhart River and 
Rockhampton (73X cross between Cairns and Rockhampton) 

- 73X come from the east 
- occur from December (2) through January (6), February 

(9), March (8), and April (1) 
- average speed of 19.5 km/hr (range 9-41) 
- all had the Burdekin basin in their preferred quadrant 

HERBERT RIVER 

- initially cross the coast between Cooktown and Mackay 
- 88X come from the east 
- tend to occur primarily in March (6), secondarily in 

February (2) 
- average speed of 17.5 km/hr (range of 9-22) 

all except the 1956 event had the Herbert basin in their 
preferred quadrant 

- initially cross the coast between Lockhart River and 
Mackay (90X cross between Cooktown and Mackay) 

- 66X come from the east (33X in January) 
- occur from December (3) through January (9), February 

(12), March (5) to April (2) 
- average speed of 19.5 km/hr (range of 9-41) 
- 83X had the Herbert basin in their preferred quadrant 

* "preferred quadrant" refers to Brunt's findings that 
south- and westward moving cyclones have rainfall evenly 
distributed over both forward quadrants, while southeast
and southwestward moving cyclones are asymmetrical 
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which determines the length of time it is close 

enough to influence precipitation in the river basins, (3) 

the distance passed over land before reaching the basins, 

and (4) the presence of colder air in or near the basins, 

which increases rainfall. Of these factors, Table 5.2 

shows that (1), (2), and (3) are similar between flood and 

non-flood cyclones. Thus, at the resolution allowed by the 

available data, no foolproof criteria separate those 

cyclones which will generate major floods in the Burdekin 

and Herbert catchments from those which will not. 

~QD=~~~!QD1~_f!QQg§ 

What of those major floods which are apparently not 

connected with cyclones? Twenty percent of the Burdekin 

flows and thirty percent of the Herbert flows are in this 

group. The largest non-cyclonic flood on the Burdekin 

occurred in January 1974, due to unusual meteorological 

conditions which also caused extensive flooding in southern 

Queensland. This was one of the few documented major 

floods caused by extensive precipitation throughout the 

Burdekin basin; the January 1974 rainfall totals at most 

stations are the highest on record. The wet season began 

early that year, with the monsoonal trough becoming well

established over far northern Australia by mid-December, 

rather than the usual early January (Department of Science, 

1974). The trough progressed steadily southward, in 

combination with abnormally strong southeast monsoonal 
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flows over the Coral Sea, displacing the southern high 

pressure system poleward (Shields, 1974). The situation 

culminated the last week in January, when a large, 

stationary anticyclone in the Tasman Sea disrupted the 

normal eastward progression of air masses across south

central Australia, preventing any dry air mass from 

replacing the trough over Queensland (Dept. of Science, 

1974). This caused heavy precipitation in three-quarters of 

Australia (Figure 5.21). The greatest disruption of normal 

patterns occurred in Brisbane, where cyclone "Wanda" passed 

through on 25 January. Interestingly, the pressure and 

rainfall abnormalities over the Herbert basin were less 

than those over the Burdekin basin, and were apparently 

insufficient to produce a major flood; the Herbert peaked 

in March 1974. The January 1974 event on the Burdekin, 

however, was the seventh largest recorded, and streamline 

analysis maps show a low pressure cell over the southern 

portion of the basin (Figure 5.22). It should be noted, 

however, that even such a large displacement of normal air 

circulation patterns was not enough to generate a flood of 

greater peak discharge than those generated by cyclones, 

although tropical cyclone activity in the 1973-74 wet 

season was greater than usual (Love and Garden, 1983). 

The remaining three unexplained Burdekin events are 

rather problematic. Fleming and others (1981) list the 

February 1958 event as coming primarily from the 
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Cairns 

Brisbane 

very much above average 

much above average 

above average 

average 

below average 

Figure 5.21 Distribution of rainfall abnormalities in January 1974 

(after Department of Science, 1974, Figure 4). 



a 

b 

Figure 5.22a and b. 700mb streamline analysis for (a) 9Gm, 

25 January 1974, and (b) 3pm, 25 January 1974; 

dashed line represents trough line (after 

Shields, 1974, Fi~ures 7 and 8). 



c 

d 

··<···:1?··········· 

Figure 5.22c and d. 700 mb streamline a~alysis for (c) 9?m, 

25 January 1974, (d) 3am, 26 January 1974 

(after Shields, 1974, Fj~ures 9 and 10). 
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Cape/Campaspe Rivers system. The February rainfall total 

at the nearest station, Charters Towers, is the highest on 

record, while the monthly totals of all the surrounding 

stations are low. This rainfall pattern fits that 

associated with cyclones, but published cyclone tracks show 

no activity anywhere in the vicinity for February 1958. 

The February 1968 and January 1972 events are identified by 

Fleming and others (1981) as associated with cyclones, but 

I could find no evidence for such an association in 

published cyclone records. The monthly rainfall totals for 

January 1972 are moderate throughout the basin, while those 

for February 1968 are high. The relative recency of these 

events makes it unlikely that cyclones affected the region 

and went unrecorded. 

Of the unexplained Herbert events, two are associated 

with low monthly rainfall throughout the basin, while the 

rains of January 1957 were moderate. As in the Burdekin, 

the distribution of monthly rainfall seems to indicate that 

these floods were produced by short-lived, intense, small

scale events. One possibility is that cyclone-like systems 

generated such precipitation, without being recorded as 

cyclones: In order to be recorded as a cyclone, an event 

must meet specific criteria, such as associated mean wind 

speeds of at least 63 km/hr (Lourensz, 1977). In general, 

however, it is safe to summarize by stating that the 

largest floods in the Burdekin and Herbert basins are 



normally generated by tropical cyclones, which mayor may 

not affect both basins (the same cyclones in February 1927 

and March 1946 produced floods in both basins). 

gQttg!2~iQn§_2mQng_~~~!QDi~_2~~i~i~~~_t2iDf2!!~_2DQ_~bg_ 
§Q~~bgtn_Q§£i!!2~iQD 

The summarizing statement of the last section raises 

the next question: What controls cyclone activity? As 
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explained in section V.l, most of the cyclones which affect 

northern Australia originate on or near the monsoon shear 

line (Figure 5.3), which is controlled by the location of 

the ITCZ. The position and strength of the ITCZ are the 

dominant controls on monsoon rainfall in Australia, and 

various workers have investigated connections between this 

rainfall and the SO, following the lead of Quayle (1929); 

Rimmer and Hossack (1939), Treloar and Grant (1953), 

Pittock (1975), Allan (1983), and McBride and Nicholls 

(1983). Nicholls (1984b,1985) has also looked at the 

relations of the S0, SST, and cyclones in Australia. He 

found that years of high cyclone frequency were preceded by 

high north Australian SST, low east Pacific SST, and low 

Darwin pressure, while subsequent years had a reverse 

pattern (Figure 5.23). These three variables were chosen 

for comparison because they are all associated with the so. 

The strongest correlations occur between the number of 

cyclones and the north Australian SST in the Sep-Nov 

preceding the cyclone season (most Australian tropical 



Figure 5.23 (a)Location map of areas used for SST measurements; 

0.8 

0.4 

o 

-0.4 

1 = north Australian SST area, 2 = east equatorial 

Pacific SST area (after Nicholls, 1984, Figure 1). 
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Figure 5.23 (b)Correlation between the number of tropical 

cyclones in Australia and three-month 

averages of variables associated with the 

SO (horizontal bar indicates cyclone season) 

(after Nicholls, 1ge4b, Figure 2). Similar 

trends are observed in data covering the 

period 1913-1937. 
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cyclones originate in this area), and the number of cyclone 

days in a season and Darwin pressures before and during the 

season. Years with frequent cyclones are preceded by warm 

SST and low Darwin pressure, and followed by cold SST. 

Howev~r, Nicholls notes that the Darwin pressure 

correlation indicates that large atmospheric circulation 

anomalies are also associated with years of anomalous 

cyclone frequency, so that it is still uncertain whether 

the SST or the atmospheric anomalies are directly 

influencing the frequency of cy~lone generation. 

Revell and Goulter (1986) also examined the effect of 

negative phases of the SO on South Pacific tropical 

cyclones. They found that such phases are associated with 

eastward displacement of the South Pacific Convergence Zone 

(SPCZ - the southwestern Pacific branch of the ITCZ) from 

its mean position. Most tropical cyclones in the South 

Pacific originate in this climatological trough/shear zone, 

so that the number of cyclones reaching Australia from the 

east is reduced. Revell and Goulter (1986) concluded that 

atmospheric circulation anomalies were controlling the 

formation of tropical cyclones because 

Warm anomalies in the eastern Pacific Ocean 
associated with negative phase of the SO allow 
the threshold temperature for tropical cyclone 
development to be exceeded over a greater area 
than normal. This condition is usually satisfied 
throughout the central and western part of the 
tropical South Pacific, yet tropical cyclones 
tend to occur in a relatively small section and 
to be closely associated with the SPCZ location. 



Love (1985) presented evidence that winter hemisphere 

events influence tropical cyclogenesis in the summer 

hemisphere equatorial trough. Specifically, cyclogenesis 

is preceded by an intensification of the winter hemisphere 

Hadley Cell, and a correspondingly enhanced monsoon 

circulation. He concluded that tropical cyclogenesis only 

occurs when the surrounding large-scale flow is favorable. 
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Holland (1986) examined the interannual variability of 

the summer monsoon at Darwin from 1952-1982. He used a 

measure of rainfall data averaged over all of northern 

Australia in order to eliminate the effect of synoptic

scale events unrelated to the SO, and found a correlation 

between upper- and lower-level winds, north Australian 

rain, and the 501. In particular, the monsoon onset is 

strongly related to the 501 in the following Jul-Dec; an 

early onset indicating a coming EI Nino event. Positive 

501 episodes were characterized by stronger westerlies, 

greater cyclonic shear, and more convergence in the 

monsoonal shear zone. He also found that although there 

was little coherence from season to season, individual 

decades can be biased toward good or poor monsoon seasons, 

indicating persistence in SO circulations. 

Kousky and others (1984) related the effects of the SO 

on north Australian rainfall to blocking. Blocking is a 

large-scale perturbation in the usual zonal movement of 

high and low pressure systems that takes the form of a 



quasi-stationary long wave. Persistent, anomalously

located storm tracks tend to be associated with blocking, 

making the phenomenon important in generating episodes of 

extreme flooding (Hirschboeck, 1987). Positive SOl 

episodes have anomalously weak westerlies over Australia, 

and sea level pressure patterns similar to that for 

blocking situations. In fact, Australia is one of three 

global regions identified as being a preferred blocking 

area (Kousky and oth~rs, 1984). 

174 

Ramage (1986) has developed a scenario in which 

tropical cyclones are crucial in initiating and maintaining 

ENSO events, as depicted in Figure 5.24. From January to 

May cyclones form in two surface pressure troughs 

associated with the ITCZ (Figure 5.24a). These cyclones 

have strong westerlies which trigger Kelvin waves that move 

warm water eastward to the central Pacific. The pressure 

troughs occur above the warmest areas of the sea surface, 

and from June to August they move north with the sun, 

although they no longer generate Kelvin waves, which are an 

equatorial phenomenon (Figure 5.24b). In September the 

trough moves equatorward again, intensifying when it 

reaches the central Pacific warm water left from the Kelvin 

waves of several months earlier. Tropical cyclones again 

develop, triggering Kelvin waves which move the warm water 

further eastward (Figure 5.24c). The warm water pulls the 



Figure 5.24 The role of tropical cyclones in ENSO events 

.:.{:{. pressure troughs 

.. warm surface water 

(after Ramage, 1986) 
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trough and cyclones with it, so that cyclones form eastward 

of where they normally do during Dec-Feb (Figure 5.24d). 

If for some reason cyclones do not develop during the Sep-

Nov phase, an ENSO event does not occur. 

We would seem to be on the horns of a dilemma here: 

High SST north of Australia during Sep-Nov precede high 

Dec-Mar cyclone frequencies in northern Australia 

(Nicholls, 1984), but high SST in the same time and place 

also precede movement of the ITCZ to the east, and low Dec-

Mar cyclone frequencies in northern Australia (Ramage, 

1986). Perhaps SST is not really the critical variable, as 

noted by Revell and Goulter (1986) and Love (1985), or 

perhaps there is a threshold level of SST below which the 

ITCZ remains over northern Australia, and above which more 

intense cyclones drive the ITCZ eastward. 

Whatever the relation, SO variables and cyclone 

frequency do seem to correlate. Therefore, any indicator 

of past cyclone frequencies would also provide information 

on the history of the SO. Major floods in the Burdekin and 

Herbert basins are caused primarily by cyclones, but how 

well do such floods reflect cyclone frequency? Figure 5.25 

shows the correlations between cyclone frequency in 

northeastern Australia, average wet season precipitation for 

the Burdekin and Herbert catchments, peak annual discharge 

and total annual discharge for both rivers, and various SO 

indices. Examination of this figure indicates that the 
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Figure 5.25 Graphs of annual wet Geason precipitation, seasonal 

cyclone frequencies, various Southern Oscillation indices, and 
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peak and total annual discharge for the Burdekin and Herbert Rivers. 
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number of cyclones and the average wet season (Nov-Apr) 

rainfall in the basin are related; their peaks and troughs 

tend to coincide. This is logical since the meteorological 

conditions which increase cyclone activity also produce a 

general increase in rainfall; southward movement of the 

ITCZ is an example (Dobson and Stewart, 1974). Total 

annual discharge for both rivers also correlates well with 

both rainfall and cyclone frequency. Peak annual flow is a 

bit more problematic. Highs and lows in peak annual flow 

tend to coincide with those in rainfall and cyclone 

frequency, but they are not of the same magnitude: The 

largest floods did not occur during years with the greatest 

number of cyclones. Three values taken from the Troup SO 

indices (Jun-Sep, Sep-Nov, and Nov-Apr) all correlated well 

with the cyclone frequencies, although the year 1940 was 

anomalous in all cases; cyclone frequency was high, while 

SO indices were low. In other words, the highs and lows of 

all the variables in Figure 5.25 coincide. However, the 

variation of their relative magnitudes within this 

coincidence makes it difficult to infer the magnitude of 

one variable from another. Specifically, a major flood 

does not necessarily indicate a season with a high number 

of cyclones. This study deals primarily with decades, or 

even centuries, rather than single years, however. For the 

60 years of discharge data available, Figure 5.25 indicates 

a poor correlation between periods of high peak flows and 
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periods of high cyclone frequencies. This correlation may 

improve at longer time scales; common sense indicates that 

periods of intense convective circulation should produce 

more cyclones, and the more cyclones produced, the higher 

the probability that one or more of them will cause a major 

flood. However, this is not evident on a 60-year scale. 

A linear regression was performed to determine the 

degrees of correlation between the ten variables of Figure 

5.25 <four measures of Sal, annual cyclone frequency, wet 

season precipitation, and four measures of river discharge). 

Using a significance level of 0.3, peak annual flow on the 

Burdekin River correlated significantly with Burdekin 

seasonal flow, and peak and seasonal flow on the Herbert 

<Table 5.3). Seasonal flow on the Burdekin correlated with 

cyclone frequency, and strongly with seasonal flow on 

the Herbert. Herbert peak flow correlated with cyclone 

frequency and with Burdekin peak flow. Seasonal flow on 

the Herbert correlated with cyclone frequency and with 

Burdekin flow variables. Cyclone frequency correlated with 

Sep-Nov Sal, and seasonal precipitation correlated with 

all of the Sal measures. Interestingly, seasonal 

precipitation did not correlate with cyclone frequency or 

with any measure of river flow. I initially used a 

precipitation index obtained by averaging values from the 

Herberton, Charters Towers, and Twin Hills stations <used 

for correlations shown in Table 5.3). I then substituted an 



Table 5.3 Regression co.efficients for flow characteristics of the 

Burdekin and Herbert Rivers, annual cyclone frequency, 

seasonal precipitation, and the Southern Oscillation 

Index 

2 

1 .7615 
2 

3 
4 

5 
6 

7 
8 

9 

3 4 

.2838 .3194 

.4296 .2877 
.1302 

5 6 7 8 9 10 
.4240 -.1024 -.0381 -.1100 -.0572 -.0940 

.6939 -.0474 .0746 -.0559 .0340 -.0072 

.5629 .0508 -.1831 -.2072 -.0350 .3447 

.5104 -.0402 -.0426 -.0247 -.0114 -.0201 

.0146 -.0237 -.1692 -.0839 -.1012 
.4213 .5402 .3768 .4830 

.7277 .5147 .8824 

.8507 .8526 
.6222 

Rowand column numbers identify var~ables as follows: 

1. Burdekin peak flow (1922-1985) 
2. Burdekin seasonal flow (1922-1985) 
3. annual number of cyclones in the Burdekin and Herbert basins 

(1910-1980) 
4. Herbert peak flow (1916-1982) 

5. Herbert seasonal flow (1923-1985) 
6. seasonal precipitation in the Burdekin and Herbert basins 

(1889-1983 ) 
7. SOI, June-September (1882-1986) 
8. SOI, November-April (1882-1986) 

9. SOI, October-September (1882-1986) 

10. SOI, September-November (1882-1986) 
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index based on values from the Herbert basin alone 

(Herberton, Mount Garnet, and Cardwell stations), but the 

correlation did not improve. 

The regression analysis indicates that both peak and 

seasonal flow values on the two rivers correlate well with 

each other and with the causative cyclones, and that 

cyclones correlate with the Southern Oscillation. 
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Trends in cyclone frequency may be studied on an 

annual or interannual basis. Brunt and Hogan (1956) and 

Lourensz (1977) tabulated cyclones in northern Australia by 

month, and their data are presented graphically in Figure 

5.26. This figure also shows the monthly distribution of 

peak and average flow values on the Burdekin and Herbert 

Rivers, and of precipitation in the region. All of these 

variables show distinct peaks during Jan-Mar, the height of 

the wet season. However, cyclones and rainfall peak in 

January, while river flows peak in Feb-Mar. This time lag 

may be caused by progressive saturation of the ground. 

Figure 5.27 shows the monthly distribution of minimum 

pressure in cyclonic centers around Australia. A 

comparison of the pressure patterns for Dec-Apr shows that 

the most intense lows develop in northeast Queensland in 

February and March. This may also explain the 

preponderance of cyclone-generated floods in Feb-Mar. 
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Figure 5.26 Monthly cyclone frequency in the Burdekin-Herbert region 

(discharges are a combination for both rivers; cyclone 1 = 
cyclones crossing 135 E - 165 E, cyclone 2 = cyclones 

crossing 105 E - 135 E) (after Brunt and Hogan, 1956, 

Figure 3, and Lourensz, 1977, Table 5). 
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Figure 5.27 Minimum pressure in centers of cyclones for 1952-1963 

(after Karelsky, 1965, Figures Id, 2d, 3d, 4d, 12d) 
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Figure 5.27 Minimum pressure in center of cyclones 

(continued) 
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Several people have studied trends in interannual 

cyclone frequency: On the basis of 10-year frequency 

totals, Milton (1974) decided that there was a world-wide 

increase in cyclonic activity between 1920 and 1945, which 

has since been maintained. Brunt and Hogan (1956) found a 

decrease in Australian east coast cyclones between 1915 and 

1926, and an upward trend from 1937 on, which they 

attributed primarily to improved reporting networks. Using 

similar data from Dobson and Stewart (1974), Gentilli 

(1971), and Lourensz (1977), there was an increase in 

Australian cyclones between 1930 and 1955, but the period 

covered by the data is too short to determine whether the 

increase is part of a larger, cyclic fluctuation, or is a 

new, significant change (Figure 5.28). 

V.4 The Burdekin-Herbert Flood Hydroclimatic Region 

This section addresses the first two questions posed 

in the introduction, which deal with the spatial relevancy 

of a river's flood record. This subject may be examined on 

two timescales; (a) the entire period covered by the 

paleoflood record, and (b) the period of historic records. 

Obviously, the historic period may be analyzed in much 

greater detail. However, in a region such as northeastern 

Australia, where these records cover less than a century 

(the earliest gaged discharges date from 1922), the 

relationships defined by such an analysis may well not have 
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Figure 5.28 Tropical cyclone frequency, using decadal totals 

(a = data for northeastern Australia from Dobson 

and Stewart, 1974, Figure 3 and Wilson, Figure 2, 

1974; b = data for northern Australia from Brunt 

and Hogan, 1956, Figure 4 and Lourensz, 1977, 

Tab:e 5; c = data for northwestern Australia from 

Gentil1i, 1971, Table II). 
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existed during prior times; some knowledge of the region's187 

paleoclimate, and in particular, of the stability of the 

circulation systems which presently control precipitation 

distribution, is required in order to assess the relevance 

of historical data. 

High-resolution paleoclimatic data covering the last 

2000 years are scarce to non-existent in northeastern 

Australia (Climanz, 1983). In the absence of such data, 

the most simple and logical course is to assume that the 

present regional circulation controls have operated over 

the entire period. If such is the case, then any non

uniformity in the temporal distribution of floods would 

reflect perturbations acting within the framework of these 

controls. Such an assumption appears justified 

in this case partly because of' the relatively short time 

period in question, and partly because palynological 

indicators from the region do not record any drastic 

changes in the amount of precipitation relative to the 

present (Kershaw, 1978). 

As explained in section 1, on the broadest scale, the 

precipitation of the region shown in Figure 5.29a (zone 2) 

is controlled by the southeasterly trades, tropical 

cyclones, and the seasonal monsoon depression (Dec-Mar). 

Local variation within this region is due primarily to 

topography (elevation and distance from the coast), and to 

the yearly variation in tropical cyclone tracks. 



a. rainfall patterns 

l.subtroPical] summer 
2.tropical rainfall 
3.arid 

c. factor analysis (T, 

humidity, precip) 

.1. seasonally moist littoral 
2.intermediate arid-tropical 
3.tropical zone 
4.semiarid belt 
5.arid interior 

h temperature and 

humidity regions 

1.dry season 
2.tropica1, summer rain 
3. semiarid 
4.arid 

d. wind systems 

1. subtropical 
2.tropical, long rainy 

season 
3.humid tropical, 

windward 
4.tropical, short rainy 

season 
5.tropical continental 

Figure 5.29 Climatic classifications of Queensland; a-c are 

statistical classifications, d-e are genetic, 

f shows the climatic region of the Burdekin

Herbert, as defined in this study (a-e after 

Auliciems, 1986, Table 3.1). 

188 



e. air masses 

l.humid subtropical 
2.trade-wind littoral 
3.tropical wet-dry 
4.tropical steppe 
5.tropical desert 

f. climatic regions 

l.cyclonic zone 
2.arid interior zone 

(In choosing the boundaries of these 

areas, I was concerned primarily with 

the mechanisms producing flood-generating 

storms, not with absolute amounts of 

rainfall. ) 

Figure 5.29 Climatic classifications of Queensland 

(continued) 
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Northeastern Australia has been tectonically stable 

throughout the Quaternary, and sea level has been stable for 

the last 2000 years, so that historic, topographically

produced precipitation gradients may be assumed to apply 

throughout that time. Although tropical cyclone 

occurrences vary interannually, when averaged for the 

entire period of historic record, their incidence is equal 

throughout the study region (Figure 5.30). Nevertheless, 

they do tend to have preferred tracks. Historic atmospheric 

conditions produce the cyclone incidence pattern shown in 

Figure 5.31. Cyclones are the primary cause of major 

historic floods in the Burdekin and Herbert catchments 

(section 3), so that any significant change in their 

occurrence pattern would be preserved in the paleoflood 

record. Cyclones are in turn controlled by the location and 

intensity of the ITCZ and monsoon shear line, which also 

control the summer weather patterns throughout northern 

Australia. 

In summary, any changes in tropical cyclone behavior 

significant enough to be reflected in a paleoflood record 

with a resolution of 100 years should affect the entire 

region shown in Figure 5.29f (zone 1). Therefore, the 

Burdekin/Herbert record appears to be applicable to 

the entire area. Of course, the "acid test" of this idea 

is the degree of correlation between the records of the two 

rivers themselves. 



Figure 5.30 Average decadal incidence of tropical cyclones, 

1909-1975, and average cyclone tracks (after 

Webster and Streten, 1972, Figure 4.5; Lourensz, 

1977, Figures 9-33 and Figure 45) 
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Figure 5.31 Average decadal incidence of tropical cyclones, 

July 1909 - June 1975 (after Lourensz, 1977, 

Figure 45a). 
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In general, the regional significance of the paleoflood 

record from a single river depends on: (a) its location with 

respect to the boundaries of current flood hydroclimatic 

regions, and (b) the length of the paleoflood record. The 

phrase "a flood hydroclimatic region" refers to a continuous 

geographic area in which flood-generating precipitation is 

produced by recurrent atmospheric circulation patterns. 

This is analogous to a climatic state, which is defined as 

the average (and the variability) of the complete set of 

atmospheric, hydrospheric, and cryospheric variables over a 

specified period of time in a specified domain of the earth

atmosphere system (US Committee for GARP, 1975). A river 

centrally located within such a flood hydroclimatic region 

may be assumed to be characteristic of the entire region for 

the period of time throughout which the initially defined 

circulation patterns operate. (A river on the boundary of 

such a flood hydroclimatic region is more problematic, since 

it may represent subtle shifts in the location of 

neighboring regions.) This is where the length of the 

paleoflood record becomes important. Consider a specific, 

hypothetical example: River 1 in flood hydroclimatic region 

A (Figure 5.32) has a 9000 year paleoflood record. If the 

dominant atmospheric circulation patterns controlling flood

generating precipitation in region A have been constant for 

9000 years, then river 1 accurately represents the 
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Figure 5.32 Plan view of hypothetical climatic region A, re~resented by 

the paleoflood record of river system 1, with local base 

level shaded. 
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occurrence of major floods for the entire region for the 

last 9000 years. If, however, the atmospheric controls of 

region A have only existed for the last 5000 years, then 

river 1 only represents the region for this period of time. 

This raises the obvious question of how to determine how 

long the flood hydroclimatic region has existed. Ideally, 

other paleoclimatic indicators, such as pollen and SST 

records, should be used to make such jUdgements. Where 

these are not available, a reasonable assumption is that the 

flood hydroclimatic region has existed throughout the period 

of record unless the paleoflood record itself indicates that 

such an assumption is questionable. This indication would 

take the form of a nonuniform flood distribution. River 1 

may have floods ranging from 2000-20,000 cms, with all 

floods larger than 10,000 cms occurring prior to 6000 8P, or 

with all floods occurring prior to 5000 8P. Such 

heterogeneity could indicate either a change in the flood 

hydroclimatic region itself, or a change in the 

intensity/frequency of the flood-generating storms operating 

within the present controls of the region. In the absence 

of other paleoclimatic indicators, a paleoflood record can 

only outline various paleoclimatic hypotheses, which can 

then be tested using other techniques. 

B~giQD2!_£Qrr~1~!iQD§_~mQDg_DQr!b~~§!_g~~~D§!~Dg_ri~~r§ 

How regionally representative are the historic floods 

of the 8urdekin and Herbert Rivers? In order to assess 
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this, I analyzed historic discharge data from nine 

northeast Queensland rivers (Figure 5.33). Records of 

monthly maximum instantaneous flow (in cms) were used to 

determine whether (i) the highest maximum flows, and (ii) 

periods with a series of very high or very low maximum 

flows, were synchronous throughout the region. The records 

were incomplete and sporadic, but they provided a basis for 

the division of groups A and B (Table 5.4). 

All of the rivers are characterized by highly seasonal 

flow, and all exhibit the same degree of interannual peak 

flow variability <calculated as maximum percent deviation 

above or below the historic average). Increasing drainage 

basin size does not necessarily equal increasing mean 

annual flow, due to the large orographic rainfall gradients 

along the coast. 

Group A consists of the rivers which will be referred 

to as the Herbert Group. These rivers are all "in phase" 

with each other. That is, major periods of high and low 

maximum flows coincide, although the relative magnitude may 

differ (Figure 5.34a). Thus, for a region of about 200 sq. 

km, the Herbert River is a highly accurate representative of 

flood-generating storms. 

Group B consists of the Burdekin Group. Perhaps the 

only conclusion that may be drawn about this group with any 

certainty is that the situation is highly complex. Because 

of its great areal extent, the Burdekin River catchment 
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Figure 5.33 Locations of the nine Queensland rivers discussed in 

the text (I=North Johnstone, 2=South Johnstone, 3=Tully, 

4=Herbert, 5=Haughton, 6=Burdekin, 1=Suttor, 8=Belyando, 

9=Bowen; a=Gleneagle, b=Ingham, c=Sellheim, d=Home Hill). 
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Table 5.4 Characteristics of nine Queensland rivers 

Period of Basin size Mean annual 
River record at gage discharge'" Group 

(km) (megaliters) 

N. Johnstone 1928-1978 179 179,682 
S. Johnstone 1916-1978 396 826,463 
Tully 1949-1963 163 351,599 A 

1972-1978 1475 3,401,521 
Herbert 1922-1978 5370 1,072,287 
Haughton 1952-1978 1750 504,977 

Burdekin* 19":.7-1978 36,390 3,980,241 
Suttor 1967-1978 49,820 B 
Belyando 1949-1968 35,585 1,051,325 
Bowen 1960-1978 7200 884,777 

_ '" vo 1 ume (mega liters = 10l m3 ) 

* at the Sellheim gaging station, upstream of the confluence 
of the Suttor and Burdekin Rivers 
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Figure 5.34a Comparative maximum instantaneous annual discharges 

for Group A rivers (discharge scales vary for different 

rivers). 
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receives floods from more than one location: The 

occurrence of a stationary, catchment-wide storm over the 

Clare catchment (Clare is at the Burdekin mouth) has been 

described as a "most unlikely occurrence" (Noonan and 

Ashkanasy, 1977). Previous work has shown that, of flows 

greater than 10,000 cms, 54X originate above the Burdekin 

Falls, 32X originate below <primarily from the Bowen 

River), and 14X are a mixture of both <Burdekin Project 

Committee, 1977). The Bowen River catchment usually 

predominates in producing the peak discharge at the mouth 

of the Burdekin due to the catchment's steep slopes and 

high precipitation values. Flows coming from the upper 

portion of the Burdekin have lower peak values, but greater 

volumes (Noonan and Ashkanasy, 1977). Previous workers 

found that the only times in which flows on the Burdekin 

and Haughton Rivers coincided was when the Burdekin floods 

originated in the Bowen catchment (Fleming and others, 

1981). However, when maximum instantaneous annual 

discharges were plotted for the rivers of the Burdekin 

Group, all of the rivers were out of phase on an annual 

scale (Figure 5.34b). Moreover, they are out of phase with 

the Herbert Group, as represented by the Herbert River 

(Figure 5.34c): All of which indicates that, on a yearly 

scale where peak flows primarily reflect individual 

cyclones, cyclones are highly spatially variable. 
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In an effort to discern longer-scale trends which 

might be more significant than annual values, I calculated 

progressively longer running averages of the data for the 

Herbert River and the Burdekin mouth (Figures 5.35a-d). 

About the best agreement between the rivers occurs in Figure 

5.35a, where the Burdekin and Herbert peaks and troughs 

roughly coincide, although their magnitudes differ, 

especially for the period 1945-1952. Unfortunately there 

are no data from the Bowen River for this period, so I can 

only speculate that the majority of these flows came from 

the Bowen basin. If this is correct, then there is a 

reasonably good correlation between the Burdekin and Herbert 

Rivers on a 3 year timescale. Progressively longer scale 

averaging accentuates the differences between the rivers (as 

well as shortening the length of the plotted data and giving 

the anomalously large 1966 Herbert flow undue influence), 

perhaps indicating that the record length is inadequate to 

show longer term trends. 

Linear regression analyses on peak annual flows and 

total annual flows for the nine rivers indicated slightly 

different groupings than those of the graphs. Using a 

significance level of 0.4, the total annual flow of the 

Herbert and Burdekin Rivers correlate with each other, but 

not with any of the remaining seven rivers (Table 5.5). On 

the other hand, the remaining seven rivers all correlate 

quite well with each other. The correlations among peak 
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Figure 5.35c Eleven year running averages of discharge for the Burdekin 

and Herbert Rivers (discharge scale differs for each river). 
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Table 5.5 Regression coefficients for peak annual flow and 

total annual flow on nine northeast Queensland rivers 

Total Annual Flow 

2 3 4 5 6 7 8 9 

1 .9523 ·5350 .5412 .7121 .2926 .4060 .1325 .1682 

2 .7283 .4654 .0000 .5260 .0000 .0119 -.3460 

3 .6695 .9960 .5693 .3813 -.0447 -.1456 

4 .2712 .3944 .1611 -.0285 -.1047 

5 .8143 .7957 .2207 .3884 

6 .9488 -.1040 -.0216 

7 .0018 .0577 

8 .6812 

Peak Annual Flow 

2 3 4 5 6 7 8 9 
1 .9692 .7121 .4343 .4002 .0512 -.0624 .4730 -.1099 

2 -.0650 -.1374 .0000 -.0454 .0000 .0859 -.2481 

3 .1208 .9102 .2406 .0308 -.0284 -.1684 

4 .5253 .0210 .0354 .2068 -.1930 

5 .6401 .6587 .3017 -.0029 

6 .8783 -.0244 -.1002 

7 -.0718 -.2495 

8 .3165 

(see next page for ex~lanations of row and column numbers) 
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Table 5.5 (continued) 

Rowand column numbers identify rivers as follows: 

1. Be1yando River (1949-1978) 

2. Suttor River (1967-1978) 

3. Bowen River (1960-1978) 

4. Haughton River (1952-1978) 

5. Tully River (1949-1963) 

6. South Johnstone River (1922-1978) 

7. North .Tohnstone River (1928-1967) 

8. Herbert River (1922-1978) 

9. Burdekin Riv<;!r (1922-1978) 

Total period of record is 1922-1978, however, some rivers have 

incomplete records over this period. In the case of the Suttor 

River, the period of record does not overlap with the periods of 

record for the Tully and North Johnstone Rivers; hence the 

correlation between these rivers appears as O. 
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annual flow are rather puzzling: The Herbert and the 

Burdekin do not correlate with each other, or with the other 

rivers, and the correlations among the other rivers show 

little logic in terms of geographic location. The only 

lIapologyll which I can offer for the data is that of the 

short period of record, and particularly of overlap in the 

records of individual rivers (Table 5.5). The records of 

some of the rivers overlap by as little as eleven years, and 

those of others not at all. Only the Herbert, Burdekin, and 

North and South Johnstone Rivers have long, continuous 

records. Therefore, I regard the results of the statistical 

analyses as inconclusive due to insufficient data. 

Assuming, on the basis of Figure 5.35a and the 

correlation of total annual flow, that the 

Burdekin (at its mouth) and Herbert Rivers are in phase at 

periods greater than a year, how representative of the 

Burdekin system are floods recorded at the study reach? 

This area lies near the Burdekin Falls - above the junction 

of the Bowen River, but below that of the Suttor/Belyando 

system; thus it should record the 68% of Burdekin basin 

flows originating at least partly in the upper catchment. 

Flow peaks originating in the Bowen catchment seem to be 

produced by cyclones crossing the coast at Bowen, which is 

in a higher cyclone incidence belt than the remainder of 

the Burdekin catchment (Figure 5.31). However, in this 

study interest is primarily focused on the relative 
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frequencies of flows above a certain threshold through time. 

If the proportion of flows originating above and below the 

study reach has been constant throughout the period of 

historic record, then the study site may be regarded as 

adequately representing the entire basin; this appears to be 

the case (Fleming and others, 1981, Table 9.5). 

In conclusion, the historic records of flow are 

insufficient to demonstrate that the Herbert and Burdekin 

Rivers accurately represent flood-generating events within 

their regions. However, on timescales longer than a year, 

the Herbert and Burdekin are in agreement with each other, 

so that either could be used as a representative of the 

entire region shown in Figure 5.29f (zone 1), if it could be 

demonstrated that they bore a consistent relationship to the 

smaller rivers of the region. 

V.5 The Alligator Rivers Flood Hydroclimatic Region 

The East Alligator River has been treated 

separately from the Burdekin and Herbert Rivers for two 

reasons: (a) its distinct geographic location, and (b) the 

paucity of historical discharge records for the East 

Alligator. Because of the lack of such records, a detailed 

study cannot be made of the causes of historic floods, such 

as that for the Burdekin-Herbert in section V.3. However, 

precipitation records for the catchment cover the last 80 

years (Oenpelli station) and, as noted by McAlpine (1976), 

rainfall in the area is consistent in annual and monthly 
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terms, and does not vary much in seasonality and quantity 

between localities (in average terms). Annual rainfall 

distribution in northern Australia is shown in Figure 3.4. 

As explained in chapter III, Southern (1966) differentiates 

five categories of rain-producing systems, which are 

produced by either organized rainfall (monsoonal or 

cyclonic weather and widespread convection) or non

organized rainfall (apparent random or mesoscale 

convection). 

As in northeast Queensland, tropical cyclones produce 

the most intense, spatially restricted rains, although 

Figure 5.30 shows that the average decadal incidence in the 

ARR is just over half that of northeast Queensland. 

However, the average cyclone tracks pass almost directly 

over the East Alligator catchment, and the monsoon shear 

line passes over the catchment during its seasonal 

migration (Figure 5.3). Figure 5.36 shows the tracks of 

some historic cyclones that would have affected the ARR. 

Table 5.~ shows the association of these cyclones with 

monthly rainfall at Oenpelli. As in northeast Queensland, 

the majority of the cyclones are not associated with 

particularly wet months, reflecting the localized nature of 

cyclone-associated rainfall. The monthly distribution of 

these cyclones is different than those affecting northeast 

Queensland, however; the Queensland cyclones have a Jan-Mar 

maximum, while the ARR cyclones have maxima in Dec and Mar 
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a Dec 1948 
b Dec 1950 
c Dec 1966 
d Dec 1974 

a 

a Jan 1980 
b Feb 1948 
c Feb 1956 
d Feb 1968 
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.Figure 5.36 The tracks of cyclones passing through or close to the 

East Alligator River catchment; (a) December, (b) January 

and February (after Lourensz, 1977, Figures 20, 21, 24, 

29, 30, and Lourensz, 1981, Figures 41, 46). 
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Table 5.6 Cyclones and monthly rainfall in the Alligator 
Rivers Climatic Region 

Feb 
Dec 
Dec 
Apr 
Feb 
Mar 
Dec 
Feb 
Mar 
Dec 
Nov 
Dec 
Mar 
Apr 
Mar 
Jan 
Mar 

1948 
1948 
1950 
1954 
1956 
1956 
1966 
1968 
1969 
1971 
1973 
1974 
1975 
1975 
1976 
1980 
1980 

5 
5 

8 
8 
8 
1 
9 

9 
3 
3 

215 

* rank refers to monthly rainfall compared to that month in 
all other years; only listed if 10 or less 
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(Figure 5.37). No published quantitative studies were found 

that related peak flood discharge to a particular 

type of rain-producing system for any of the coastal 

rivers of the Northern Territory, and it was impossible 

to investigate the topic due to a lack of gaging 

records on these rivers. However, working with 30 years of 

discharge records from the Daly River, Chappell and 

Bardsley (1985) found that heavy rainfalls later in the wet 

season tend to generate larger discharges than do 

equivalent rainfalls early in the season due to progressive 

filling of subsurface water storages and increased runoff 

efficiency. This is also the case for the South Alligator 

River (Woodroffe and others, 1986), and presumably for the 

East Alligator. In the absence of contrary evidence, it 

was assumed that cyclones are responsible for the largest 

peak discharges on the East Alligator River, since they 

produce the most intense rainfall. This conclusion is 

supported by the fact that none of the largest floods for 

the 9 years of East Alligator discharge records are 

associated with high monthly rainfall totals at Oenpelli, 

as they would be if they were caused by monsoonal troughs. 

Also, Lee and Neal (1984) noted that cyclones and monsoon 

depressions cause flooding on far north and east coast 

streams. 

Using the definition of a flood hydroclimatic region 

outlined in section VI.l, the East Alligator River 
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Figure 5.37 

Jan 

Monthly frequency of cyclones per ten years; 

dashed lines indicate maximum values 

(after Brunt and Hogan, 1956, Figure 1). 
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paleoflood record was considered to be representative of the 

region shown in Figure 5.38, which I will refer to as the 

ARCR. The boundaries of this region are based on the extent 

of the monsoonal influence in Australia (Figure 5.2), the 

mean summer atmospheric flow pattern (Figure 5.3), the 

average decadal incidence of tropical cyclones (Figure 

5.30), and the annual precipitation isohyets (Figure 3.4). 

Although there will of course be variation within this 

region, any climatic change significant enough to influence 

the East Alligator paleoflood record should affect this 

entire region. 

This raises the question of what the nature of such 

climatic changes might be and, correspondingly, what 

constitutes constant climatic conditions for the area. 

Easterly and southeasterly trades are the dominant wind 

pattern in the ARCR during Mar-Oct, but they are drier than 

those affecting northeast Queensland. The basic climatic 

controls of the two areas are the same, however, and the 

scenarios of climatic change offered in Figure 6.6 also 

apply to the ARCR. Table 5.7 lists the criteria of 

constant climatic conditions. 

The residual mass rainfall curve <cumulative deviation 

from the mean) for Oenpelli has a different trend than the 

northeast Queensland stations <Figure 5.39), but the 

historic precipitation values for the ARCR do not show any 

significant trend. The Nov-Apr precipitation values 
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F'igure 5.38 The Alligator Hi vers Climatic Region (ARCH). 



Table 5.7 Criteria used to define constant climatic 
conditions in the Alligator Rivers Region 

1. Specific parameters are: 

221 

a) qualitative maintenance of the present rainfall 
gradients, and quantitative maintenance with a maximum 
coefficient of variation of lOX for Nov-Apr values (current 
coefficient of variation is 3X); no exceedance of 100 year 
PMP of 260 mm/hr (Uranium Province Hydrology, 1979) 

b) continuation of current seasonal precipitation 
distribution, with Jan-Mar maxima 

c) maintenance of historic seasonal cyclone 
distribution, with Dec and Mar maxima 

d) maintenance of present spatial cyclone distribution 
e), f), g) as in Table 6.1 
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correlate well with seasonal SOl values, particularly those 

of the preceding Jun-Sep and Sep-Nov, although precipitation 

values do not correlate particularly well with cyclone 

frequency (Figure 5.40). Gibbs and others (1978) have 

shown that the SOl-rainfall correlation is not as strong 

here as in Queensland (Figure 5.41). Figure 5.42 shows 

what Gentilli (1971) considers to be the typical rainfall 

pattern in a year of high cyclonicity. According to this 

figure, seasonal precipitation throughout much of the ARCR 

does not reflect cyclone frequency very closely. However, 

1947, the year used in this figure, was not a year of high 

cyclone frequency in the ARR (or in northeast Queensland). 

Therefore, periods of high cyclone frequency in the ARCR 

may still be associated with high precipitation in that 

region. 

To summarize: Major floods in the ARCR are 

caused by tropical cyclones, which in turn correlate to 

a certain extent with manifestations of the SO, such as 

seasonal precipitation and SOl values. Because of these 

correlations, paleofloods may be used as a crude indicator 

of past cyclone frequencies and SO values, assuming that 

historic relationships have persisted for the length of the 

paleoflood record. 
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Figure 5.40 Correlation of wet season precipitation (solid line), 

cyclone frequency (dashed line), and SOl, Alligator 

Rivers Region (cyclone data from Lourensz, 1977, 
Table 5). 
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mean annual SOl and district mean annual rainfall, 

1941-1970 (after Gibbs and others, 1978, Figure 4.3.1a). 

Figure 5.42 The pattern of rainfall in a year of high 

cyclonicity (1947; white areas had rainfall 

above normal, shaded areas had 70-99% of 

normal rainfall) (after Gentilli, 1971, 

Figure 36a). 
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V.a Summary 

Northern Australian precipitation regimes are 

controlled primarily by the ITCZ, the westerlies and 

related migratory depressions, the subtropical 

anticyclones, and SST anomalies. All of these systems are 

connected with the SO, an out of phase oscillation between 

sea-level pressure over the eastern tropical Pacific and 

that over the western tropical Pacific and Indian Oceans. 

Periods of positive SO indices tend to correlate with above 

normal precipitation and frequent cyclones in northern 

Australia. 

Paleoclimatic indicators from northern Australia 

suggest Pleistocene aridity, a precipitation increase in 

the early Holocene which peaked about 5000 yr BP (Kershaw, 

1983), and a gradual precipitation decrease to present 

levels. 

Historic records of discharge, precipitation, and 

cyclone tracks indicate that the majority of large historic 

floods on the Burdekin and Herbert Rivers are caused by 

cyclones. Years of high/low cyclone frequency, wet season 

rainfall, annual discharge, peak annual flow, and SOl tend 

to coincide, but the magnitude of the peak annual flow does 

not necessarily reflect the magnitude of the other four 

variables on an annual or decadal scale. It is probable 

that it does so on a century scale. Regression analyses 



indicate significant correlations among Sal, cyclone 

frequency, and river flow. 

The paleoflood record from an individual river may be 

assumed to represent accurately the flood hydroclimatic 

region within which the river lies, a flood hydroclimatic 

region being a continuous geographic area in which flood

generating precipitation is produced by recurrent 

atmospheric circulation patterns. Precipitation trends, 

air-mass circulation patterns, and historic discharge 

records from nine northeast Queensland rivers were used to 

define the Burdekin-Herbert Flood Hydroclimatic Region, of 

which either river is assumed to be representative. 
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Cyclones also apparently cause the major floods in the 

Alligator Rivers Flood Hydroclimatic Region, of which the 

East Alligator River is an adequate representative. As in 

northeast Queensland, the SO indices correlate with cyclone 

frequency and wet season precipitation. 

Because the SWD of historic flood events are of 

comparable size to the older SWD on all the study rivers, 

cyclones are apparently also the principal cause of 

prehistoric floods on these rivers. 



VI. PALEOCLIMATIC INFERENCES 

VI.l On the nature of paleoclimatic inferences from the 
paleoflood record 

This section is an exploration of the possible 

paleoclimatic situations which could be reflected in the 
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paleoflood record, and of the sensitivity of discrimination 

that the record allows between possibilities. It sets up a 

conceptual framework within which paleoflood records from 

any region of the globe may be interpreted, and then applies 

the framework to the specific rivers of this study. The 

reasoning follows the form of the flow chart shown in Figure 

6.1. All of the hypothetical possibilities of the study 

area will be discussed first, and then sequences considered 

most applicable to the actual paleoflood record will be 

explained. In the initial part of this discussion, it is 

assumed that the paleoflood data represent a complete 

record, undamaged by erosion subsequent to flood deposition. 

At the first level of Figure 6.1, the distribution of 

floods through time could be uniform or nonuniform. 

Uniformity implies an equal distribution of floods 

throughout the entire period of record. However, the Law of 

Large Numbers should always be kept in mind: Order is 
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a function of the scale of observation - over long enough 

scales, uniform or random behaviors cancel themselves 

out, and forms and qualities of order emerge that would 

have been unobservable over short scales. Then again, 

"cycles which may have mathematical significance in the 

reconstruction of a time series cannot be said, per se, to 

have any physical significance" (Gibbs and others, 1978). 

230 

A nonuniform sequence could take two forms: all floods 

recorded could be clustered in discrete temporal groups 

(Figure 6.2b), or the recorded floods could form two or 

more classes on the basis of discharge, which are 

nonuniformly distributed within a uniform sequence (Figure 

6.2c). Of course, the timescale at which uniformity is 

examined must be explicitly defined. There is always the 

possibility, for example, that a 1000-year nonuniform 

sequence would appear uniform when viewed as part of a 

20,000 year sequence. Similarly, the last seven events in 

Figure 6.2b may be uniformly distributed within their 

timespan. Thus it becomes a question of the level at which 

one is interested in operating; or rather, the scale of 

climatic controls about which one wishes information. 

Ib~_D~~~[~_Qf_£!im~~i£_£QD~[Q!? 

The next level down the flow chart involves 

consideration of the climatic controls operating in the 

system. Ultimately, all global climatic phenomena are 

controlled by the amount and distribution of energy 
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Figure 6.2 Uniform and nonuniform flood distributions (each 
mark represents a flood; * and + are different 
size floods> 
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reaching the earth from the sun. Therefore, changes in 

global climatic conditions are due to alterations in the 

amount and/or distribution of this energy. Changes in the 

amount of energy received could be caused by changes in (i) 

emitted solar radiation, (ii) the orbital characteristics 

of the earth (the variables of the Milankovitch cycles), 

(iii) insulating properties of the global atmosphere, or 

(iv) the earth's albedo. These are the type of major, 

dramatic changes involved in the glacial-interglacial 

sequence, and they are not really applicable to the 

timescale which is considered in this study. Changes in 

the distribution of energy are caused, at the largest 

scale, by tectonic rearrangements of global landmasses, and 

at smaller scales by alterations in the atmospheric-oceanic 

circulation patterns. On the timescale of this study, the 

latter is of concern rather than the former: Any non-

uniformity in the paleoflood records is likely to be 

generated by perturbations in circulation patterns. 

Climate theory generally attributes long-period 

climatic variations to long-period changes in external 

conditions, but recently mathematicians have speculated on 

other possible causes related to dynamical-systems theory 

(Lorenz, 1986): 

Two phenomena which characterize many 
dynamical systems are chaos and 
intransitivity; both are inherently 
nonlinear. Chaos is the absence of 
complete periodicity in the general 



behavior of a system. Chaos is 
formally deterministic, but, when 
observed at widely spaced intervals, 
it can mimic randomness. [The atmosphere
ocean-earth system is observably 
chaotic.] Intransitivity is present 
when a system admits two or more modes 
of behavior, anyone of which, once 
established, will persist forever, to 
the exclusion of the other modes. 
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Both uniform and nonuniform sequences could be produced 

by constant or changing climatic conditions. The criteria 

used to define constant and changing climatic 

conditions for the northeast Queensland study area are 

shown in Table 6.1. Again, it becomes a question of 

scales. Here~ constant is defined as applying to 

the last 2000 years, with standards based on the 100 years 

of historical precipitation and cyclone records. Over these 

100 years. precipitation in the study area has been 

controlled by (i) the annual poleward movement of the ITCZ~ 

which influences cyclones and monsoonal rainfall, (ii) the 

frequency and strength of the westerlies and related 

migratory depressions, (iii) the position, strength, and 

relative stability of tropical anticyclones, and (iv) the 

position and nature of offshore currents and SST anomalies. 

Ultimately, all of these factors are controlled by the 

position, strength, and relative sinuosity of the polar and 

subtropical jet streams and the tropical easterly jet 

stream. Therefore, constant climatic conditions apply only 

if these factors have fluctuated within the range 



Table 6.1 Criteria used to define constant and changing 
climatic conditions 
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1. Defined by climatic conditions that have operated within 
the climatic region (Figure 5.29a, zone 2) over the 100 
years of historic records; fluctuations must occur within 
the range of fluctuations of this period 

2. Primarily a precipitation-based definition that 
emphasizes the broad framework controls of large-scale 
circulation patterns (the movement and intensity of the 
ITCZ, the position and nature of offshore currents, etc) 

3. Specific parameters are; 
a) qualitative maintenance of the present rainfall 

gradients, and quantitative maintenance with a maximum 
coefficient of variation of lOX for mean values; no 
exceedance of PMP and maximum hourly rainfall values (Figure 
6.4) 

b) continuation of current seasonal precipitation 
distribution, with Jan-Mar maxima 

c) maintenance of present seasonal cyclone distribution, 
with Jan-Mar maxima 

d) maintenance of present spatial cyclone distribution, 
with decadal averages of about 11 throughout area, and 
seasonal coefficient of variation of 60X, with most frequent 
cyclone tracks being those of Figure 5.30 

e) maintenance of seasonal location of monsoon shear line 
to within 5 latitude of its historic location (Figure 5.3), 
and of its associated wind fields 

f) maintenance of seasonal poleward movement of the ITCZ 
by 20-30° latitude (into the summer hemisphere) during anti
ENSO years, and of the corresponding atmospheric flow and 
SST conditions during both ENSO and anti-ENSO years (Figure 
5.7) 

g) maintenance of a Southern Oscillation periodicity 
ranging over 2-10 years, with alternating ENSO and anti-ENSO 
events 

1. Fluctuations, in such parameters as precipitation and 
cyclone occurrence, greater than those of the historic 
record. 



established over the last 100 years. Of course, reliance 

was placed on indirect indicators of the behavior of these 

factors, such as the amount and distribution of 

precipitation. 

Within these broad-scale controls on precipitation, 

there may be considerable fluctuation in the types of 

phenomena generating floods. Therefore, constant climatic 

conditions do not imply a complete stasis, but rather a 

stability of the framework within which flood-generating 

events operate. For example, the ITCZ may have maintained 

approximately the same pattern of movements and influence 

for the entire 2000 years, and yet have generated cyclones 

only at discrete intervals due to variations in its 

intensity. This would still come under the category of 

constant climatic conditions. 

Before examining more closely the fluctuations 

permissible within the category of constant climatic 

conditions, the alternatives will be briefly detailed -

types of changing climatic conditions, as shown in Figure 

6.1. 

As shown in level 2 of Figure 6.1, a uniform flood 

distribution could be produced by constant climatic 

conditions, convergent climatic conditions, or threshold 

climatic conditions. The first possibility is the most 

simple: If both the historical and paleoflood records are 

uniform, then the present climatic controls could have 
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operated throughout the entire record at exactly the same 

intensity. Under "threshold climatic conditions"~ the 

paleoflood record is not sensitive enough to discriminate 

between major fluctuations of a given flood-generating 

mechanism. For example, floods 1-5 represent a period of 

only a few cyclones, all of which generate major floods. 

while floods 6-10 occurred during a period of high cyclone 

frequency, in which only a few cyclones generated major 

floods. In what is here called "convergent climatic 
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conditions", different climatic controls could be producing 

floods at different times. although the flood deposits 

would give no indication of such a situation. For example, 

floods 1-3 and 8-10 could be caused by cyclones, while 

floods 4-7 are due to snowmelt. 

Nonuniform floods, whether general or size nonuniform, 

could be produced by punctuated climatic conditions, 

alternating climatic conditions, or a combination of both. 

"Punctuated climatic conditions" are really a more intense 

form of threshold conditions; the same flood-generating 

mechanisms have operated throughout the period of record, 

but with major intensifications and de-intensifications, 

which produce hiatuses. Similarly, "alternating climatic 

conditions" are related to convel-gent climatic conditions: 

different mechanisms produce each discrete group within the 

nonuniform record. 
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In order to define specific parameters for the case of 

constant climatic conditions, the nature of precipitation in 

the region was first examined. Monthly and annual 

precipitation values from the 22 stations in Figure 5.10 

were used to determine means and extremes of rainfall 

distribution, which are presented in Table 6.2. Rainfall 

distribution is shown in terms of isohyets in Figure 3.4 and 

in monthly means in Figure 6.3, where the three groups of 

curves reflect the isohyets. Maximum hourly precipitation 

values are shown in Figure 6.4. The records were also 

studied for changes through time. Residual mass curves of 

the cumulative percent deviation from the median value all 

showed a type of trend (Figure 6.5) which has also been 

noted for southeastern Australia (Kraus, 1963; Pittock~ 

1975), and for other regions of the tropics (Kraus~ 1955). 

More rigorous statistical analyses of the same data have 

questioned the existence of such a trend, however, and have 

concluded that the cyclical patterns of higher and lower 

rainfall which occur are within the variations expected 

from randomly behaved phenomena, and that there is no 

evidence for a continuous climatic change (Gani~ 1975; 

Gibbs and others. 1978. Doran and McGilchrist, 1983). In 

addition, a cautionary note is sounded by Gordon (1984); 

"the nonlinearity of the atmospheric component of the 

climatic system is itself sufficient to cause interannual 
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Table 6.2 Means and extremes of rainfall distribution (mm) 

in northeast Queensland study area 

Q,l;J;=BQr tlQDJ;bly 
low high mean low high mean 

1872-1985 
1884-1985 
1873-1985 
1886-1985 
1871-1985 
1881-1983 
1887-1984 
1870-1949 
1882-1985 
1925-1985 
1870-1985 
1883-1985 
1882-1985 
1870-1985 
1880-1985 
1893-1984 
1913-1985 
1889-1984 
1902-1984 
1913-1935" 
1957-197tj 
1894-1971 
1912-1983 

Georgetown 
Hughenden 
Mt. Surprise 
Herberton 
Cardwell 
Innisfail 
Ayr 
Mackay 
Char. TOI,oJ. 
Mt. Coolon 
Clermont 
Emerald 
Tambo 
Taroom 
Aramac 
Longreach 
Tangorin 
Twin Hills 
Mt. Garnett 
Ravenshoe 

265 
55 

209 
230 
679 

1094 
156 
517 
141 
127 
111 
152 
88 

143 
78 
76 
46 

104 
258 
359 

Clarke River 186 
Greenvale 175 

Overall mean = 822 

2409 
944 

2162 
2437 
3410 
7038 
2238 
3357 
1842 
1324 
1402 
1135 
1039 

983 
820 
902 

1218 
1085 
1449 
2395 

1237 
1459 

796 
427 
756 

1013 
1893 
2998 

961 
1398 
554 
492 
531 
505 
397 
511 
366 
349 
363 
496 
748 

1335 

606 
592 

Standard deviation = 18087/22 = 29 

14 
2 

27 
15 

6 
21 

3 
24 

8 
9 
o 
o 
o 
3 
o 
o 
o 
3 
o 

19 

7 
20 

813 
660 
864 
901 

1836 
3459 
1681 
2161 

724 
731 
516 
556 
359 
421 
447 
405 
871 
596 
662 

1000 

844 
486 

Coefficient of variation (v) = 29/822 (100) = 4% 
Monthly mean = 190 
Standard deviation = 14 
V = 7% 

213 
120 
211 
216 
453 
580 
267 
335 
140 
119 
123 
106 
62 
87 
86 
84 
94 

120 
146 
308 

166 
155 

Month listed in last column is month of highest rainfall 
occurrence 

Feb 
Jan 
Jan 
Mal
Jan 
Jan 
Feb 
Jan 
Jan 
Jan 
Jan 
Jan 
Mar 
Feb 
Jan 
Feb 
Jan 
Jan 
Mar 
Mal-

Jan 
Jan 
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Figure 6.3 Representative median monthly rainfall distributions 

.in the Burdekin and Herbert River catchments; 

curve A re~resents such stations as Cardwell and 

Innisfail, curve B represents Mackay, Mount Surprise, 

Herberton, Geor.t?;etown, and Ayr, and curve C represent s 

Charters Towers, Tangorin, Longreach, Mount Coolon, 

Hughenden, Taroom, and Tambo. 
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1 hour (inches) 

Once in 100 years 

6 hour (inches) 

Once in 100 years 

Figure 6.4 Maximum hourly ~recipitation values for the 

central Burdekin-Herbert catchments (after 

Department of National Development, 1970, 

maps 3 and 5). 
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Figure 6.5 Four sample Queensland residual mass rainfall curves 

(see Figure 5.10 for station locations). 
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variability of rainfall - without requiring the imposition 

of external forcing agents". However, Flood (1986) has 

also seen a 20-30 year cyclic pattern of the resultant 

annual wind energy vector off the Queensland coast. Under 

the premise that the region's climate has shown little 

variability over the 100 years of record, have worked up 

from the first and most obvious level, that of rainfall 

totals, to assign bounds to the definition of constant 

climatic conditions, which are essentially those of the 

last 100 years (Table 6.1). 

~b§D9iDg_flim§~if_fQDQi!iQD§ 

The next obvious problem is what constitutes a 

changing climatic condition. Convergent and other types of 

climatic conditions have been discussed, but only in the 

most general terms. What is a specific example of a 

different climatic condition? Firstly, anything which 

creates variation within the existing framework greater than 

allowed in the definition and secondly, the restructuring 

of the framework. The primary component of the 

framework (which is ultimately global atmospheric 

circulation) is the ITCZ and its associated manifestations. 

Variations within this framework could arise as shown in 

Figure 6.6. In all of these situations, the basic land-sea 

configuration remains constant. (All of these scenarios 

occur at present on a timescale of 1-4 years; they would 

only produce changes recognizable in the paleoflood record 



I. Greater/lesser poleward movement 

by the ITCZ 

~ 
Weaker/stronger Stronger/weaker 

trades monsoonal winds 

~ / 
More/fewer monsoonal d~ressions 

Wetter/drier climate 

High/low pressure 
over 

tropical e. Pacific 

! 
Stronger/weaker 

trades 

1 
More/fewer 

cyclones 

II. Greater/lesser intensity of convective circulation 
in the ITCZ 

1 
More/fewer cyclonic disturbances 

~ 
Wetter/drier climate 

III. Warmer/cooler SST around northern Australia 
J. 

Moister/drier tradewinds 
J, 

Stronger/weaker ITCZ 
J, 

More/fewer disturbances 
J, 

Wetter/drier climate 

Figure 6.6 Scenarios caused by variations within the 
framework of seasonal poleward movement of 
the ITC:! 
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IV. Change in location of monsoon shear line within IrCZ 
~ 

Change in pattern of occurrence of cyclones 
(Figure 5~31) ~ 

Pattern shifts intact 
north. south. east/west . ~. 

Possible change in tracks 
followed by cyclones (Fig. 5.30) 

~ 
Decrease/increase in 

number of cyclones in 
northeast Queensland 

1 
Drier/wetter climate 

Wetter/drier climate. 
probably drier 

V. Equatorward/poleward shift of the summer (Dec-Feb) 
sub-tropical jet stream 

! 
E/pward shift of the sub-tropical anticyclone 

(high pressure) 

l 
E/pward shift of cool, dry air 

l 
Less/more cyclonic rainfall 

1 
Drier/wetter climate 



if they operated for at least a decade.) On the other 

hand, a different framework is offered in Figure 6.7, in 

which the land-sea configuration is altered. 

For the situation examined in this study, changing 

climatic conditions could only have been induced by 

variations within the climatic framework: The land-sea 

configuration in the study area has remained stable over 
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the last 2000 years (Clarke and others, 1979), a consensus 

exists among climatologists that the behavior of the ITCZ 

has been fairly uniform over this time (Bowler and others, 

1976; Rognon and Williams, 1977; Webster and Streten, 1978), 

and much of the climatic change during the Holocene has been 

either regional or hemispherical rather than truly global 

(Morner, 1984; Watts, 1986). Therefore, this study is 

limited to the type of scenarios outlined in Figure 6.6 

when attempting to explain the nonuniform distribution 

of floods in the study area. Webster and Streten (1978) 

have noted that it is important to attempt to discern 

whether or not a local indicator, such as a nonuniform 

flood distribution in northeastern Australia, resulted from 

variations in controls at the global scale (for example, 

the strengthening of the Hadley Circulation) or at the 

local scale (increased land area). All of the scenarios 

envisioned in Figure 6.6 have global implications, to a 

greater or lesser degree. But how finely does the 

paleoflood record allow us to discriminate between these 



Late Quaternary glacial maximum (25,000-15,000 BP) 
(after Webster and Streten, 1972; Bowler and others, 1976; 
Rognon and Williams, 1977; Webster and Streten~ 1978; 
Thiede, 1979; Torgersen and others, 1985) 
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cooler SST, more exposed land, reduced east to west passage 
of warm equatorial waters, increase in thermal gradients 
between low and middle latitudes 

reduced convergence and cyclone activity, reduced moisture 
associated with southeast trades. contraction of the ITCZ 
toward the equator, stronger trade winds and increased 
evaporation, stronger tropical anticyclones 

disorganization of the monsoonal regime 

drier climate (25-50% of present precipitation) 

Figure 6.7 An example of climatic conditions other than those 

of the present 
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alternatives? On its own, the paleoflood record allows 

very little discrimination. Part of the difficulty lies in 

the interconnected nature of all of the scenarios, which 

were arbitrarily separated, and part of the difficulty 

arises from the convergent nature of the results: 

Different initial conditions can produce the same result of 

more/fewer cyclones, and hence appear identical in the 

paleoflood record. (This is a smaller-scale version of the 

convergent climatic conditions discussed in connection with 

a uniform flood record.) 

lD£Q~~1~!~_QI~?~IY§~iQD_iD_~b~_Q§1~QflQQQ_[~£QI9 

Finally, it is also necessary to consider the 

possibility of incomplete preservation in the paleoflood 

record. The two physical factors which could create 

incomplete preservation are erosion and high thresholds. 

Erosion is most likely to take the form of an extremely 

large flood event which is so powerful that it scours areas 

normally well outside the line of effective flow, in the 

process removing older deposits. A high threshold acts in 

conjunction with erosion to limit preservation; if a 

vertical sequence of SWD becomes so high that almost no 

floods can overtop and thus add to it, and if erosion 

removes smaller, later inset deposits, the record will be 

biased. The only way to detect such a past erosive event 

is to carefullv scrutinize the stratigraphy of the study 

site. This simple statement may often be difficult to 



carry into practice, however. 
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In the end, perhaps, all one 

can do is to offer two possible explanations of a given 

record - one assuming complete preservation and one 

assuming incomplete preservation. Again, more than one 

site per river, and more than one river per reach increases 

the chance that the record will be complete, because it is 

unlikely that the records of a group of floods will be 

destroyed everywhere they exist. 

VI.2 The case of northern Australia 

Following the format of Figure 6.2, the records from 

the rivers of this study occur as shown in Figure 6.8. 

Unfortunately, this figure prompts the question; Does one 

point a trend make? Certainly not, and this should be kept 

in mind throughout the following discussion. 

Figures 3.7 and 3.8 show that the great majority of 

the Burdekin River deposits which were interpreted as 

individual flood units are undated. However, the lower 

units at both sites are within 150 years old so that, 

according to Steno, all of the Burdekin deposits are very 

recent. There are two obvious explanations for this 

situation: (1) a very large flood sometime prior to 150 yr 

BP eroded all previous deposits, or (2) floods prior to 150 

yr BP were not large enough to leave a record at these 

sites. If the former were the case, one would expect it to 

have left a rather large deposit of its own, which does not 
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Figure 6.8 The temporal distribution of northern Australian 

paleofloods 
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seem to be present. On the other hand, the latter. although 

apparently the more likely of the two, does not seem very 

probable. There have been extensive land use changes in the 

Burdekin basin over the last hundred years, in the 

form of grazing, mining, and agriculture, so it is possible 

that the runoff characteristics of the basin have changed 

significantly. The Herbert basin above the study site, by 

contrast, remains relatively unchanged. The most likely 

interpretation is that the flood regime on the Burdekin has 

changed since white settlement of the area~ hence the 

modern nature of the flood record. Alternatively, the 

extensive alluvial gold mining which occurred throughout 

the Burdekin catchment in the late 1800s destroyed the 

earlier flood deposits. 

Figures 3.12 and 3.13 demonstrate the more complete 

chronology of the Herbert River deposits. Assuming for the 

moment that one flood does a trend make, then the Herbert 

has three flood clusters; at about 900 yr BP, 350 yr BP, and 

the last 150 years. It is important to note, however, that 

the 900 yr BP "cluster" is preserved only at the upstream 

site, and the 350 yr BP "cluster" only at the downstream. 

This of course raises the uncomfortable possibility that 

other sites might contain floods for different time periods 

which, when added to these two sites, would produce a 

random temporal distribution of floods. As with the 

Burdekin, however, the great majority of floods occur 
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within the last 150 years. These occur as inset deposits~ 

so that if a really catastrophic flood were to occur now, 

it might well remove all of these lesser flood deposits and 

leave a single deposit of its own, along with those of the 

two earlier "clusters". There is no reason to assume that 

this could not have happened at 300, 390, and 900 yr BP as 

well. This possibility of course destroys the reliability 

of the record for what will be called sub-catastrophic 

events, but not for the truly catastrophic events. It could 

still be reasonably assumed that the Herbert has had three 

periods of catastrophic events - at 900 yr BP, 300-390 yr 

BP, and the present (taking the largest event in the 150 yr 

BP-present cluster). 

Figure 3.18 shows the East Alligator River chronology. 

The SWD at these sites are well dated, although either EA 

22-2 or EA 22-4 is in error. As at the Herbert, there is a 

group of recent floods with one (or perhaps two) much older 

events. The stratigraphy of the East Alligator sites are 

different than those of the Herbert, however, in that they 

lack inset deposits. Therefore, the threshold of 

preservation has grown successively higher (although by 

very slight amounts). The huge gap in the record, and the 

fact that a 1200 yr BP deposit was found only at one site 

seem suspicious*, but no obvious evidence was found for 

erosion in the field, so one has to assume that the record 

is complete and accurate. 
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*The 1200 yr BP deposit may exist at site 1; I was unable to 
reach the very base of the SWD here. 

The Australian paleoflood records make an 

interesting comparison with similar records from several 

rivers in the southwestern United States. Figure 6.9 shows 

the temporal distribution of southwestern US paleofloods. 

The Salt and Verde Rivers are of particular interest, 

because multiple studies were conducted along them. 

Partridge (1985) and O'Connor and Fuller (1986) examined 

two separate reaches along the upper Salt, and Fuller 

(1987) worked on the lower Salt. Although they all got 

slightly different dates, their results are in good general 

agreement, forming clusters at, 1000-1100 yr BP, 600-700 yr 

BP, and 200 yr BP-present. Working on two reaches of the 

upper Verde, Ely (1985) and O'Connor and Fuller (1986) both 

found a cluster at 220 yr BP-present, but their remaining 

floods have more disparate dates, the oldest two agreeing 

well with those from the Salt River. 

Of the other rivers in Figure 6.9, the Pecos River has 

the most complete record, due to the unusual nature of the 

SWD site. These floods are more evenly spaced except for 

the gap at 360-240 yr BP, perhaps implying that if the other 

rivers had sites more conducive to preservation, they too 

might have more uniformly-distributed records. The 
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Figure 6.9 'l'he temporal distribution of paleofloods in the 

southwestern U.S. (after Kochel and Baker, 1982; 

Ely, 1985; O'Connor, 1985; Partridge, 1985; 
Webb, 1985; O'Connor and Fuller, 1986; Fuller, 1987). 
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Escalante River provides the most sharply defined clusters, 

with a gap from 900-400 yr BP. 

Before discussing the importance of the 

positive/negative correlations between these rivers, it is 

necessary to briefly consider the climate of the region. 

With the exception of the Pecos River, all of the rivers in 

Figure 6.9 are within a single general climatic region. 

The dominant regional precipitation controls are: 

(1) the Jul-Aug monsoon; air flowing southeasterly around 

the western limb of the Bermuda High entrains moisture from 

the Gulf of Mexico, and when this moisture-laden air 

encounters the orographic effects of high elevations in New 

Mexico, Arizona, and Utah, it produces intense, localized 

rains (Hirschboeck, 1985). 

(2) Sep-Oct tropical storms; these are generally hurricanes 

moving inland from the southwestern Pacific, and they also 

produce intense, small-scale precipitation. 

(3) winter westerlies; largescale low pressure systems 

travelling from the Pacific in the belt of upper air 

westerly wind flow, these produce spatially extensive rains 

(Hirschboeck, 1985). 

In the case of the Pecos River, proximity to the Gulf 

of Mexico is the dominant climatic control. Dry polar 



airmasses occasionally penetrate the area in winter~ but 

the movement of moist air westward from the Gulf brings 

most of the precipitation. In the Pecos valley. 

precipitation peaks in September and May, when cyclones, 

tornadoes, and squall-line thunderstorms reach the area 

(NOAA, 1974). 
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Because of these climatic differences, the rivers of 

Arizona and Utah will be treated as one group, the 

"southwestern rivers", and the Pecos River as another. The 

southwestern rivers seem to share a gap between 500 and 250 

yr BP, with floods both before and after, but the floods 

from each river do not really correlate that well with each 

other. The best correlation is that between the Verde and 

the Salt, which are geographically close to each other. 

Interestingly, the record of Boulder Creek, which is a 

tributary of the Escalante, does not agree well with the 

Escalante record. 

~QD~l~§lQD§_fIQm_e~§~[~ll~D_Q~l~QflQQg_[~~Q[g§ 

Returning to the Australian data (Figure 6.8), what 

paleoclimatic inferences can be drawn from them? 

Assuming, for the moment, that the record is complete and 

accurate, there appears to have been a period of large 

floods from roughly 300-440 yr BP, and another within the 

last 140 years. The two oldest deposits, from the Herbert 

and the East Alligator. are too isolated to really imply 

anything. Therefore. one must concentrate on the last 440 
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years of the record. This portion of the record could be 

approached in two ways: (1) one could assume that the "flood 

gap" of 160-300 yr BP represents anomalous conditions 

(relative to the present)~ and try to determine what type 

of climatic conditions would prevent large floods from 

occurring. Dr, (2) one could assume that the groups of 

"super floods" at 300-440 yr BP and aboLlt 120-160 yr BP 

represent anomalous conditions, and present climatic 

scenarios which might generate such floods. This second 

approach assumes that a catastrophic flood destroys most of 

the SWD evidence of earlier sub-catastrophic floods (floods 

with a recurrence interval of 20-100 years), leaving only 

its own deposits and those of previous catastrophic floods. 

In this case, the sub-catastrophic floods of the 160-300 yr 

BP period were of similar magnitude to those of the present 

(or post-160 yr BP). The 160-300 yr BP flood deposits were 

destroyed by catastrophic events around 160 yr BP, while the 

more recent ·sub-catastrophic deposits have yet to be 

destroyed. 

Following the first approach, a period of no large 

floods raises three climatic possibilities: (1) the total 

frequency of cyclones decreased, (2) the intensity of 

cyclones decreased, or (3) a combination of the first two 

possibilities. According to kershaw (1978) (Figure 5.9), 

the average precipitation of northeast Queensland during 

the period 160-300 yr BP was essentially similar to that of 
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today, which would indicate that the incidence of monsoonal 

depressions (the major rainfall producers) has been 

constant. Therefore, any climatic explanation of the 

absence of floods should concentrate on conditions which 

would affect cyclogenesis, without really affecting 

monsoonal depressions. In Figure 6.6, scenarios 2 and 4 

seem to meet these criteria best, so that a decrease in 

flooding could be due to a change in either the intensity 

or pattern of convective circulation in the ITCZ. ( It is 

interesting to note that Chivas and others (1986) concluded 

that there has been no significant fluctuation in 

storminess dUI-ing the last 4000 years, on the basis of 

rates of island development off the south Queensland 

coast.) There is no guarantee that a catastrophic event is 

not a "freak", occurring in isolation and essentially 

unrelated to prevailing climatic conditions. A view of 

catastrophic floods as freak occurrenc~s would explain the 

discontinuities between records of neighboring rivers, such 

as the Burdekin and Herbert. 

Another way of interpreting the paleoflood data is to 

concentrate on the 300-440 yr BP flood cluster: What sort 

of climatic conditions could produce such an era of "super 

floods"? One approach is through the scenarios outlined in 

Figure 6.6. Another approach is to postUlate a period of 

prolonged or more intense anti-ENSO circulation (Figure 

5.7). Allan (in press) noted that ENSO/anti-ENSO 
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fluctuations tend to be phase locked with the seasonal 

cycle, although there is historical evidence for a doubling 

or tripling of events (for example, the 1899-1902 ENSO). 

Holland (1986) also found evidence of persistence in SO 

circulation patterns in his examination of interannual 

Darwin summer monsoon variability. Therefore, a series of 

catastrophic floods could be produced by a series of 

strong, extended anti-ENSO-dominated periods of 

circulation, interspersed with weak ENSO circulations. 

What might cause such an anti-ENSO-dominated circulation 

pattern? The causes of recent ENSO events are still poorly 

understood; Allan (in press) states that the "feature may 

alternate between continuous and various multiple 

equilibrium states". Therefore, possible causal climatic 

mechanisms will not be discussed. Basically, this 

alternative interpretation assumes that the 160-300 yr BP 

flood gap represents climatic conditions similar to those 

that are at present causing the smaller, more recent flood 

deposits. These recent deposits will be destroyed by the 

next period of catastrophic flooding, creating a longer 

gap, or another gap from about post-l00 yr BP. This 

interpretation is supported by Kershaw's (1978) pollen

based precipitation estimates for the Holocene in northeast 

Queensland, although the resolution of Kershaw's record is 

not fine enough to discount the other interpretation. 
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It appears that the paleoflood record of an individual 

river is an accurate indicator of only a fairly limited 

area. In spite of the similar climatic controls throughout 

the region of the southwestern rivers, or the Burdekin-

Herbert climate region, records from individual rivers do 

not corroborate one another at the resolution allowed by SWD 

paleoflood reconstruction. There is always the possibility 

that examination of more rivers~ and more reaches on each 

river~ would create a mOI-e coherent picture, but for now one 

must deal with the data at hand. 

Common sense would indicate that although flood-

generating storms are spatially erratic on short timescales~ 

at timescales of a century or more, all rivers within a 

climatic region should show climatic shifts with a duration 

of a century or more. One possibility is that the period of 

record is too short for any significant climatic shifts to 

have occurred, but this is unlikely; the last 1200 years 

have included such episodes as the Little Ice Age (1430-1850 

AD), a period of noticeable circulation changes (Gribbin and 

Lamb, 1978). A more likely explanation is that the physical 

environment of the fluvial channel is the primary control on 

SWD preservation: Although three rivers in a region may 

have the same number of catastrophic floods. at roughly the 

same time periods. over an interval of 2000 years, their 

individual paleoflood records will be dissimilar due to the 

vagaries of SWD preservation at each site. This of course 
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implies that a study attempting to use SWD as paleoclimatic 

indicators should maximize (a) the number of rivers in a 

climatic region that are examined, and (b) the number of 

sites on each river. This makes the technique very labor 

intensive, and costly in terms of radiocarbon dating. This 

appears to be justified, because to my knowledge this is the 

only paleoclimatic technique that can be used to study 

storminess or flood-generating events in inland regions; 

Isdale (1984) and Chivas and others (1986) provide two 

examples of techniques that may be used along coastal 

regions. 

VI.3 Summary 

The temporal distribution of paleofloods from a river 

may be either uniform or nonuniform. Uniformity implies an 

equal distribution of floods throughout the entire period 

of record, while nonuniform signifies an unequal 

distribution, whether of a general or size nonuniform type. 

80th uniform and nonuniform sequences could be produced by 

constant or changing climatic conditions. Changing 

climatic conditions can take a variety of general forms, as 

shown in Figure 6.1. Constant climatic conditions are 

defined on the basis of historic meteorological records, 

and allowable variations within a framework are defined. 

Variations greater than those defined imply an alteration 

in the controlling framework, and hence changing climatic 

conditions. 



The paleoflood records from the rivers of this study 

fit the category of general nonuniform, and the different 

clusters of floods could be due to punctuated or 

alternating climatic conditions. Punctuated climatic 

conditions appear most likely, because other regional 

paleoclimatic evidence gives no indication of a major 

climatic change over the last 2000 years, as might be 

expected if alternating climatic conditions had occurred. 
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The Burdekin River has a record that only covers the 

last 100 years. which has been tentatively attributed to 

land use changes in the basin. The Herbert River has a 

record with floods around 900 yr BP, 300-390 yr BP, and the 

last 100 years. The East Alligator River has floods around 

1200 yr BP, 400 yr BP, and the last 100 years. The 

Katherine River has a 440 yr BP event, and two groups of 

modern floods. 

Paleoflood records from rivers of the southwestern 

United States show a similar lack of strong correlation 

between rivers in the same climatic region. 

Because of the lack of agreement between the 

paleoflood records of individual rivers, it is difficult to 

draw any paleoclimatic conclusions from the evidence. For 

climatic interpretations of the last 440 years, emphasis 

may be placed on 

440 yr BP era of 

the 160-300 yr BP flood gap, or on the 300-

"super floods". In either case, climatic 

change may be approached as a change in the intensity or 
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pattern of convective circulation in the ITCZ (as outlined 

in Figure 6.6)~ or as a change in the relative dominance 

and strength of ENSO/anti-ENSO circulation patterns. 

It can be concluded that the record from a single river 

is of limited value, although this value increases with the 

number of SWD sites described on the river. In order to 

use paleoflood records as accurate paleoclimatic 

indicators, many rivers, and many sites on each river, must 

be examined. The labor and cost intensive nature of such a 

study is justified by the lack of any other technique that 

is sensitive to storminess in an inland setting. 



VII. GENERAL CONCLUSIONS 

A series of five groups of questions were identified 

in the introductory chapter as constituting important 

issues to be addressed in this study: 

(1) How regionally representative is the paleoflood record 

from a single river? That is, how far is one 

justified in applying the conclusions derived from a 

single river over an area larger than the river's 

drainage basin? 
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The answers to these questions depend on (a) the number of 

sites at which the SWD of the river have been studied, and 

(b) the size and complexity of the flood hydroclimatic 

region within which the river lies. The more SWD sites 

along a river that are examined, the more complete and 

accurate the paleoflood record will be, and hence the more 

regionally representative. However, on the basis of studies 

completed to date in Australia and the southwestern United 

States, it does not appear that one river can be used as a 

reliable guide to the paleoclimatic conditions of an entire 

flood hydroclimatic region. The concept of a flood 

hydroclimatic region limits the geographic extent of the 

applicability of the record from any river or group of 

rivers. 

(2) How many rivers does one need a paleoflood record from 

in order to accurately characterize the paleoclimatic 

conditions of a region? How well do the records from 
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adjacent river systems correlate? 

There is not a definable minimum number of rivers necessary 

for accurate paleoclimatic characterization, although there 

is certainly a maximum - all the rivers that it is possible 

to. study. Based on studies done to date, the records from 

adjacent river systems do not correlate particularly well, 

although this correlation should improve if more sites were 

studied on each river. 

(3) What type of temporal resolution does this technique 

provide? For example, for several thousand years of 

record, can one determine flood periodicity to an 

interval of 50 years, 100 years, or a longer interval? 

Is the primary control on resolution produced by the 

dating methods used, or by the geomorphic situation? 

think that the temporal resolution of the paleoflood 

record depends on the absolute age of the time interval 

being examined; age resolution improves for more modern 

deposits. For the oldest deposits, resolution is probably 

on the order of 100 years, while the most modern 

deposits can be specified to the year. Overall, I would 

estimate a resolution of 50 years. The primary control on 

the resolution seems to be the geomorphic situation. The 

very recent record is the most complete because it includes 

sub-catastrophic events that have presumably been 

selectively removed from the older portions of the record 

by catastrophic events. 
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(4) How selective is the preservation of deposits of floods 

above a given discharge threshold, and how will this 

selectivity affect the conclusions? 

Selectivity depends primarily on the flow geometry of each 

individual SWD site, and varies greatly from site to site. 

This is another argument for examining as many sites per 

river as possible. Site selectivity can greatly influence 

conclusions if an inadequate number of sites are studied. 

The Herbert River provides an example; of the three flood 

"clusters" in the Herbert paleoflood record, the two oldest 

are each present at only one site. 

(5) Is the paleoclimatic information contained in these 

deposits significant enough to warrant the effort 

necessary to understand it? Will knowledge of the 

periodicity of flood-generating events be of use in 

paleoclimatic reconstructions? 

As discussed in chapter VI, the effort necessary to 

accurately characterize the SWD of a flood hydroclimatic 

region appears to be justifiable, because this is the only 

technique for evaluating storm periodicity at inland sites 

in the paleoclimatic record. The usefulness of this 

knowledge will be greater in some regions than in others. 

Regions like northern Australia, where floods are 

consistently generated by one or two climatic mechanisms, 

present a situation where SWD-derived storminess records are 

of optimum usefulness. In regions where a wide variety of 



mechanisms may generate a major flood, this technique may 

be of little paleoclimatic value~ since it does not permit 

discrimination between mechanisms. 

One final point to be addressed in this section is 

that of the flood hydroclimatic region. This concept was 
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defined in chapter V, but is it valid in light of the 

actual paleoflood records? The disparities between the 

Burdekin and Herbert records, or between the records of the 

southwestern United States rivers. do not uphold the 

concept that any river of a flood hydroclimatic region 

is representative of the entire region. However. the 

concept of such a region is intuitively logical, and a 

thorough examination of the rivers within such a region 

should reveal a high degree of similarity between the 

paleoflood records of the rivers. Due to the vagaries of 

individual SWD site preservation, it would be risky to use a 

single river to represent an entire region, although the 

climatic theory behind the concept would seem to allow this. 

If the assertions made in this dissertation are eventually 

proved, then it may some day be possible to confidently use 

the paleoflood records of only two or three thoroughly

studied rivers to represent an entire flood hydroclimatic 

region. The Burdekin-Herbert and Alligator Rivers flood 

hydroclimatic region as are examples of useful working 

models within which to address the problems of the 

geographic relevancy of paleoflood records. 



In summary, I regard this research as a pilot study. 

The initial goal was to test the feasibility of (1) doing 

SWD-based paleoflood reconstructions for a type of river 

common in the tropical regions, and (2) using these 

reconstructions as indicators of variations in the causal 

climatic circulations. This study has demonstrated that 

paleoflood reconstructions are indeed feasible for these 

rivers and~ on the basis of limited SWD studies, possible 

paleoclimatic scenarios have been outlined to explain the 

observed fluctuations in flood frequency over the past few 

hundred years. In future work I hope to more fully 
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characterize the paleoflood record of northern Australia. 

and of other suitable regions, and to refine the usefulness 

of the conceptual framework presented in this stUdy. 

In particular, it might be possible to develop a global 

characterization of the paleoflood records in regions 

sensitive to fluctuations in ENSO and monsoonal 

circulations. Such a characterization would serve two 

purposes: (1) To test historically-derived relations between 

such circulations and climate in various regions of the 

world over a longer timespan, and thus provide further 

parameters for computer-based numerical models of climate, 

and (2) to provide a framework within which to examine 

change in fluvial systems. 

A global paleoflood chronology based on regions 

sensitive to changes in ENSO and monsoonal circulations 



would provide a framework within which to examine the 

effects of episodic climatic perturbations on fluvial 

systems. If the changes in the nature of the distribution 
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and intensity of precipitation (and hence flow events) are 

great enough to exceed thresholds within the fluvial 

systems, then global periods of episodic change within these 

systems might exist, which could be correlated to persistent 

types of climatic circulations. Evidence is beginning to 

accumulate that the global climate is characterized by such 

periods of persistent types of climatic circulations at 

decadal scales, which create regional episodic flooding 

(Hirschboeck, in press). 

To paraphrase Huck Finn: and so there ain't nothing 

more to write about, and I am rotten glad of it, because if 

I'd 'a' knowed what a trouble it was to make a dissertation 

I wouldn't 'a' tackled it, and ain't a-going to no more. 



APPENDIX 1. USE OF THE LOG PEARSON TYPE.III DISTRIBUTION 

-- tlog Q log mean = log Q = i 
n 

where Qi = individual flood peak 

n = number of years of record 

log standard deviation = =J I. (log Qi - log Q)2 
Slog Q 

n-l 

log coefficient skew = glog Q = 
n i (log Qi - log Q)3 

(n-l)(n-2)(Slog Q)3 

values of ~r for an assumed Tr (recurrence interval) are 

computed via 

log ~r = log Q + KTr(SlOg Q) 

where ~r is a skew curve factor, k, taken from a standard 

table of glog Q values 

The value of QTr is then plotted against P (p = l/Tr) on 

log normal paper. 
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APPENDIX 2. ANNUAL DOSE RATES FOR INDIVIDUAL ISOTOPE GROUPS 
(Murray, 1981) 

Isotope Beta (Gy/ka) Gamma (Gy/ka) 

U-238 o .00i.40 0.00032 

U-234 0.00007 

Th-230 0.00005 0.00006 

Ra-226 0.00003 0.00003 

Rn-222 0.00481 0.00800 

Pb-210 0.00211 0.00001 

Th-232 0.00259 0.00470 

Rn-220 0.00451 0.00760 

K-40 0.00263 0.00080 
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